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Preface

This volume comprises selected papers on Studies, Repairs and Maintenance of Heritage 
Architecture topics that are becoming increasingly important in modern society.

The rapid growth recently experienced in many regions of the world has added a particular urgency 
to the need to preserve our built cultural heritage.  This requires the collaboration of different 
parties, including not only architect and engineers and scientists but also artists, socio-economic 
professionals and equally important, all stakeholders to ensure the effective integration of the 
rehabilitated buildings within the community.

The papers in this volume address a series of topics related to historical aspects and the reuse 
of heritage architecture, as well as technical issues on the structural integrity of different types 
of buildings.  Restoration processes require the appropriate characterisation of materials, the 
modes of construction and the structural behaviour of the building.  Modern computer simulation 
can provide accurate results demonstrating the stress state of the building and possible failure 
mechanisms affecting its stability.  Equally important are studies related to their dynamic and 
earthquake behaviour aiming to provide an assessment of the seismic vulnerability of heritage 
buildings.

Of particular interest is the need for Heritage Buildings rehabilitation to conform to energy 
consumption reduction goals framed within climate change initiatives.  It is necessary to encourage 
actions to improve energy efficiency, harmonised with both appropriate amounts of investment and 
transnational commitments to reduce greenhouse gas emissions.

The contributions are the result of a meeting that was organised by the Wessex Institute.

The editors are also grateful to all authors for their excellent papers and to the reviewers for their 
help in ensuring the quality of this issue. They also want to acknowledge the contribution of the 
International advisory committee (ISAC).

The Editors
Seville, 2019
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PLANNING AND REHABILITATION IN HISTORICAL 
AREAS AND REPERCUSSIONS ON THE TOURISM  

AND ECONOMIC SECTORS IN AREAS OF PALESTINE 

WAEL SHAHEEN 
Department of Civil and Architectural Engineering, Palestine Polytechnic University, Palestine 

ABSTRACT 
The research aims to study the tourist reality in Hebron and create things to draw attention to these 
areas such as the development of tourism-related sectors, through the promotion of old craft industries, 
rehabilitating the market square in the Old City of Hebron, the preservation of archaeological and 
historical sites, and attract tourists from abroad and provide accommodation and services. The concept 
of tourism is growing, as it has become a phenomenon resulting from the need of exhausted humans 
from modern life pressure to achieve comfort, pleasure and change. Researchers give an economic 
definition to the concept of tourism and consider the direct and indirect economic activities. It is one of 
the most important industries of our time and it reflects the image of the civilized development of people 
in the world. It is considered as a source of national income, and it intervenes and overlaps with many 
fields, such as traditional industries, food, building facilities and others. The concept of tourism has 
been affected by scientific and technological progress, which has led to the expansion of its scope in 
many aspects and has increased its importance, becoming a promising industry. The concept of tourism 
will be discussed because of its impact and importance on economic life. The Israelis control tourism 
in the Palestinian areas, depriving it from returns and benefits, so it needs support and regulation. Our 
study will deal with the historic city of Hebron, especially the Old City, specifically the square market 
area, and will highlight the features of these areas by the work of a tourist path in the center of this city 
and by providing organized events through the town. 
Keywords:  tourism activities, economic activities, historical areas, service areas, redevelopment, 
rehabilitation, traditional craft. 

1  INTRODUCTION 
This paper will focus on tourism development in the city of Hebron by creating a tourist path 
for the whole city, also by reviving the important areas that are scattered in the city and 
working to rise the sense of culture in the population in order to preserve the archaeological 
and historical sites and working on the development of ancient craft industries to improve 
the local economy which create employment. This study relied on analysis, observation, 
description, information extraction and personal interviews of experienced people to serve 
this research. 

2  ARCHAEOLOGICAL, HISTORICAL AND RELIGIOUS  
PLACES IN HEBRON GOVERNORATE 

There are many challenges facing tourism in Hebron because it contains the ingredients to 
attract tourism [1], such as religious, cultural and civilization highlights. It is also considered 
the most important industrial city in Palestine and one of the largest and most populated 
cities. All these factors contributed to make it perfect for tourists However, it needs plans and 
programs to create the right ambience for tourism and work to develop and improve facilities. 
The following are some of the most important tourist landmarks that worth to be included in 
the tourist path. 
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2.1  Beit Ummar 

One of the villages in Hebron with Canaanite roots [2]. It is the gate of the city from the 
north, 10 km away from the city with an area of 3000 acres, most of which exploited in 
agriculture. It contains tourist attractions and archaeological sites such as Khirbet Al Juthor, 
Prophet Matta Mosque (Fig. 1) and Maqam Al Arba’en. 
 

 

Figure 1:  Matta Mosque in Beit Ummar village. 

2.2  Beit Marsim Village 

It is located near the city of Dura in the southwest of Hebron, 28 km away from the city, it is 
one of the ancient villages dating back to 3000 B. It contains Canaanite remnants such as the 
Atall area and also tombs and pottery pieces. It is also Contains Islamic monuments such as 
a mosque dating back to the Islam era and above it a church inlaid with mosaics. The Israeli 
Antiquities Department worked near it during the construction of the apartheid wall which it 
is now only five meters away from it (Fig. 2). 
 

 

Figure 2:  Excavation in Beit Marsim village. 
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2.3  Al Dhahriyah Town 

It is located at the southernmost part of the West Bank, 23 km away from Hebron. It is 
considered as the southern gate of Hebron and a link between two different environments, 
the Bedouin life in the Negev desert and rural life in southern Hebron [3]. It stands above the 
Canaanite Arab town of Goshen, which is over 5,000 years old. According to RIWAQ 
Foundation, there are many ancient remains and buildings, at least 972 old heritage buildings 
and nearly 32 archaeological sites including a mosque, a church, a castle, a fort and many 
palaces. The fort is the oldest virtual building that dates back to the Roman era and was used 
as a military fort during the time of the Romans with distinctive architectural character. It is 
also considered one of the most important archaeological sites and was restored in a special 
way to preserve its old character. The church is known as the Church of Annaba and dates 
back to the beginning of the 6th century AD. 

2.4  Yatta Town 

This town, considered the second largest for population, is located 9 km to the south of 
Hebron. It dates back to the Canaanites and contains a lot of old buildings, caves, ancient 
wells and many other historical sites [3]. It was mentioned in the ancient Romanian era as 
“Letaem” but it developed in the Ottoman era. There are many archaeological and historical 
sites, such as the shrine of Al-khader, the Old City, Raqaa area and Al-Karmel (Figs 3 and 
4). Al-Karmel is considered an important historical in Yatta, which dates back to the 
Canaanite era, and it is located 5 km southeast of Yatta, just along the track of the ancient 
trade road, that was connected to Jerusalem. 
 

 

Figure 3:  Old residential building in Yatta Town. 

 

Figure 4:  Old residential building in Yatta Town. 
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2.5  Beit Ainoon 

It is located in the north of Hebron, 6 km away from it, contains many remains of historical 
landmarks (Figs 5 and 6). It is based on the historic site of Beit Ainoon, which was fortified 
with a castle named “Pethenim”. It encompasses three ancient archaeological churches, one 
of which dates back to the Byzantine period and is considered one of the most important and 
largest church that served the Christian population in the early 5th century in that region. 
 

 

Figure 5:  Historical remains in the village of Beit Ainoon. 

 

Figure 6:  Historical remains in the village of Beit Ainoon. 

2.6  The Old City 

There are a number of archaeological, religious, historical and touristic sites in Hebron that 
encourage tourists to visit, especially the Old City [1], where there are important buildings 
such as the Ibrahim Mosque, museums, mosques and old lanes in addition to khans, baths 
and agencies, and it is morphologically distinctive, crossed by a central street which divides 
the city in two parts, ending with the Ibrahim Mosque. There are also narrow vertical streets 
located along the main street, with shops on the ground floor and houses on the second floor. 
The buildings are stacked together with their roofs giving them a unique architectural charm 
(Fig. 7). 
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Figure 7:  The Old City. 

2.7  Al-Haram Al-Ibrahimi 

It is located at the southeast corner of the modern Hebron in the heart of its old town [4]. It 
is considered the fourth holiest site in Islam and the second holiest site in Palestine because 
it contains the tomb of the Three Prophets Ibrahim, Isaac and Yacoub and their wives. In 
1967, the Israeli military forces took control of the city of Hebron and of the Al-Ibrahimi 
Mosque (Fig. 8). 
 

 

Figure 8:  Al Haram Al-Ibrahimi (Abraham Mosque).  

2.8  Khan Al-Khalil 

Khan Al-Khalil is located in front of HaretBani Dar from the east. It dates back to the 
Ottoman period. Unfortunately, in 1987, parts of the Khan were removed and the Awqaf 
department building was replaced. In 1997, the Hebron Rehabilitation Committee completed 
the restoration of the remains of the Khan and then rented the residential part of it. During 
the Al-Aqsa Intifada it was closed by the occupation and became a military zone, so the 
headquarter of the reconstruction committee was transferred to Dweik Palace and the access 
to the Khan became impossible. The architectural description of the Khan: it consists of two 
floors, the ground floor of the Khan consists of a group of shops which were used to store 
goods and part were stables for animals, while the first floor is the floor of Manama, which 
contains bedrooms, sitting room and other facilities, where travelers and merchants spend the 
night in it to rest and sleep. 
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2.9  Sheikh Ali Bakka Mosque 

It is located in Al-Sheikh neighborhood in Hebron. This mosque dates back to the Mamluk 
era, established in 1282. Prince Saifuddin Salar built the minaret of the mosque in 1302. 
Modern religious buildings were added above it, which lost its architectural character, but 
the remains of this mosque survive in the present era, especially the minaret, which has 
recently been restored. 

2.10  Al-Sultan pond 

It is located in the center of the city to the south-west of the Al-Ibrahimi Mosque [1] and was 
built by Sultan Saif al-Din Qaloun al-Alf. Polished stones were used in the construction of 
the pond, and it took a square shape length of ribs 40 m. It was discharged from the water by 
a decision of Al-Awqaf Department because of the frequent drowning incidents, and the 
section of Archeology in Jerusalem opposed any projects of future changes. 

2.11  Rebat Al-Mansouri Building 

It is an ancient castle located next to the Ibrahimi Mosque from the south-west, which Sultan 
Hassan then turned into a school. 

2.12  Haram Al-Ramah Well 

This is one of Hebron’s most important archaeological and historical sites, located 4 km north 
of the Old City. The site was already an international market in Roman times, then it 
continued its role during the Islamic period and is considered one of the most important 
markets of Palestine. 
     The site dates back to the 3rd century BC. It is surrounded by huge stones dating back to 
the 1st century BC as an impervious heer (similar to the one of the Ibrahimi Mosque), it was 
composed of two huge floors, topped by a gabled roof covered with bricks. See Fig. 9 for an 
old view of Hebron. 

 

Figure 9:  An old view of Hebron. 

3  PROBLEMS OF TOURIST ATTRACTION 
Despite the fact it possesses a set of components that qualify it as a first-class tourist 
attraction, this does not mean that there are no obstacles in the city, which can be summarized 
as follows. 
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3.1  Occupation and the political and security situation 

The outbreak of the second intifada led to the deterioration of the security situation and to 
new measures of closure, especially in the old town, which prevented travelers from visiting 
the Tomb of the Patriarchs (Fig. 10), which is the main tourist attraction of the city. 
 

 

Figure 10:  A recent view of Hebron showing the Patriarch’s Tomb and renovations. 

     Moreover, the division of the city into the Palestinian and other areas under occupation 
and the presence of settlers in and around the city create an exceptional and tense situation, 
especially since friction and extremism by the settlers on visitors makes the visit of the city 
unsafe. Finally, the Israeli side intends to set a planned economic policy to impose restrictions 
and put obstacles in order to paralyze the Palestinian economy and annex it to the economy 
of the Israeli occupation. Moreover, neglect and demolition have affected many historical 
areas and landmarks. 

3.2  Lack of tourist services 

Unfortunately, the entire area lacks several infrastructures which could enhance the level of 
tourism (roads, hotels, restaurants, rest houses, information and so on). Moreover, we can 
add: 

- Lack of local experience to deal with tourists and tourist guides 
- Lack of appealing packages explaining the tourist attractions in the city and in the 

surrounding area 
- Lack of qualified cadres to manage tourism in terms of media, planning and more. 

3.3  Economic factors: The absence of the organization and of regulations and laws 

The increase in commercial importance, the price of land, the interest of the citizen in money 
and the economy led to the demolition of many old historical buildings and the establishment 
of commercial centers in their place, which in turn led to a visual distortion of the vision of 
the Old City, as well as the disappearance of many monuments in the city. 
     In absence of a structural plan, the assault on the old heritage buildings became 
permissible, a lot of old buildings were destroyed and the establishment of commercial 
residential service buildings in place, thus increasing the pressure on the water, sewage and 
electricity networks.  
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     In general, there is a lack of regulations and laws for the protection of historic and 
archaeological areas and buildings in Palestine and also the absence of a precise legislative 
system to control and obligate individuals and owners to implement the restoration work and 
preserve the urban heritage. 

4  INTRODUCING THE PROPOSED PROJECT 
The project is a tourist path for Hebron Governorate, which aims to encourage tourists to 
visit the governorate and introduce its heritage to the world. The tourist path is defined as an 
organized and integrated tour along a specific path, aiming to highlight the sites of spiritual, 
historical and religious importance to introduce it to tourists and encourage tourism. 

4.1  The tourist paths 

Due to the presence of many archaeological and tourist areas in the Hebron Governorate [5], 
we decided to focus on an external tourist path in the surrounding areas of Hebron, including 
villages and towns such as: Yatta, Hebron, Beit Ummar, Nuba, Kharas, Idna, Dora, Al-
Zaheria, As Samu, Beit Ainoon. The internal tourist path includes: Old City, Ibrahimi 
Mosque, Hammam Khan Al-Khalil, Ali Beka Mosque, pond Al-Sultan, Al-Rabat Al-
Mansouri Building, Well of Haram Al-Rama (Fig. 11). 
 

 

Figure 11:  The tourism path in the city of Hebron. 

4.2  Square market analysis 

In this study the square market area will be dealt as a special part of the tourist route, and we 
will work to revive it through an analytical study to include all the strengths, weaknesses and 
attractions. The market is located in the eastern center of the heart of Hebron, to the west of 
the Ibrahimi Mosque, along the main street, at the intersection of the Al-Laban market with 
the Skafiya market.  
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     The market consists of an architectural texture that includes a group of strip markets 
stretching on both sides of the streets, al-Laban market, Skafiya market and the Kasbah 
market leading to the Ibrahim Mosque.  

4.3  Markets that constitute the square market 

1. Al Laban market, which is located between al-Hoshiya and al-Nassara neighborhood 
and consists of two rows of shops, the first in the east and the second in the west. It 
consists of 29 shops, 25 of which are closed by Israeli military order. 

2. Skafiya market, which is located in Aqaba Alley and consists of two rows of shops, the 
first in the east and the second in the west. In 1898 two new rows were created 
paralleling the first market, known as the new Skafiya market. The market is specialized 
in manufacturing shoes and everything made of leather and consists of 25 shops, 
including 18 which are closed, while the new market includes 21 stores, including 15 
closed. 

3. The Kasbah market represents the main market of the Old City, starting from Ain Al 
Askar Square, where in the fifties and sixties there was the Hebron municipality, in a 
building currently occupied by the Hebron Women’s Charitable Society and ending 
with a barrage in Khazaq al-Far that leads to the central vegetable market, it consists of 
55 shops, including 38 that are closed. 

4.4  The reason for choosing to revive the square market as a part of the tourist path 

One of the main objectives of the tourist path project is to restore the market square in the 
Old City because of its great importance as it forms a meeting point and gathers many markets 
together. The convergence of these markets together helps in reviving the commercial 
movement of the town and also helps the movement and vitality of the town, especially as 
the recession is hanging over the region significantly. Reviving the area will help improve 
the economic situation of the town and maintain and continue its successful use. This could 
be possible as follows: 

- Reviving the square market by providing all the services and requirements necessary to 
support shop owners to return to town and encourage commercial movement by 
providing full support for the restoration of abandoned shops, facades, shop doors and 
opening all closed shops. By encouraging local industries, for example manufacture of 
glass, porcelain, copper engraver, blacksmithing and carpentry, to reopen their artistic 
workshops. The old presses where were also active in the city, such as olive presses and 
Al-Samsami presses that constitute a unique museum in addition to the manufacture of 
ceramics, rugs, embroidery, wood artifacts and other industries scattered in the city. 

- Reviving the Old City of Hebron by spreading awareness among the people to preserve 
the buildings and not abandoning them, calling for adhering to history and heritage, and 
support traders to open their shops inside the old town, in addition spreading tourist 
awareness to the residents of the area within an integrated campaign aimed to educate 
them how to deal with tourists and its importance for the economy, local, national and 
cultural. 

4.5  Analysis of the proposed site 

The commercial traffic in these markets is weak as the recession hangs over the markets, 
largely due to the fact that most of the shops, as we have noticed, are closed and some of 
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them are permanently closed using bricks as most of the owners of these shops abandoned 
them and moved to new places, due to the general conditions and the lack of customers and 
visitors in this area in addition to the closure of the gates leading to the Old City [6].  
     The materials used in the buildings are local traditional materials, which are soft stone, 
mud, lime and rubble. The elevation of the shops appears regular, with carved soft Hebron 
stone used for the doors of shops and the use of solid stone in the construction of the bearing 
walls which are built with madamek [7].  
     Market corridors are limited width roads determined by shops on both sides, and there is 
no opportunity to increase the width of these corridors, which are tiled with local stone and 
have a slope. 

4.6  The achievement for improving tourism in the Old City until now 

Despite its huge tourist potential in terms of religion, historical and cultural patrimony, the 
city lacks services that could help to promote tourism. Therefore, it was necessary to exert 
efforts and cooperate to serve this sector.  
     Very important in this direction is the cooperation of Palestine Polytechnic University and 
the Hebron Rehabilitation Committee in order to conduct the necessary studies and prepare 
as many old buildings as possible. So far, the following have been completed: 

1. Preparing the necessary plans for the rehabilitation and restoration of Bab Al-zawiya 
area with its commercial and residential buildings, the most important of which was the 
revival of the Palestine hotel building. 

2. Working on the completion of accurate and scientific plans for the revival of the Zahida 
building inside the Old City to be a museum and the surrounding streets as well as 
tourist shops in that area.  

3. Reviving and restoring the agency market inside the Old City and preparing it to be a 
special guest house for the Hebron Rehabilitation Committee with a restaurant and café 
inside without tampering with the building form neither internally nor externally.  

4. Working on several studies about the Old City such as the classification of residential 
buildings as well as the planning of physical elements.  

5. Full cooperation between Palestine polytechnic university, the Hebron Rehabilitation 
Committee and the Hebron municipality in order to complete the structural plans of the 
Old City. 

5  THE CURRENT PROJECT 
The current project discusses the process of redesigning and reviving the square market area 
inside the city (see Figs 12–14). 

6  THE DEVELOPMENT OF URBAN HERITAGE AND TOURISM BRANCH 
It is often said that natural (oil and other minerals) and industrial resources are important 
tributaries of the development of a society, but historical landmarks and cities that appear as 
a human heritage also put the country that cares about it at the lead of developed countries 
with great civilizations. This measure is not gained through the large number of historical 
landmarks; it is measured with the care of a society and the way in which the society sees it.  

6.1  Future plans and techniques 

To protect these cities and areas from the heavy modern changes we here suggest a plan in 
two directions, the first one aims to develop concepts in dealing with these treasures that are  
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Figure 12:  The market square analysis according to the current situation. 

 

Figure 13:  Market square analysis according to the proposed situation. 

 

Figure 14:  The two opposite facades in the market of al-Attarin in the Old City. 

located in the city of Hebron; the second way required continuous work to find a special 
technique for the development and implementation of projects that preserve the city and 
historical areas by providing integrated schemes and implementing programs that keep the 
heritage from disappearing. To achieve this, we should make plans and technique such as: 
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- Develop appropriate plans for urban heritage for the Old City of Hebron and its 
environs, represented in an urban plan to develop the infrastructure network such as 
roads, lighting, sanitation and tourism services and amend land laws. 

- Establishing appropriate environmental standards for the Old City and evaluate the 
environmental impact in order to Protect the area’s construction and maintain its 
environmental requirements and protect everything special in the Old City of Hebron. 

- Developing Palestinian capabilities and competencies at the local and national level in 
order to implement plans to preserve this heritage. 

- Work hard to raise the level of knowledge and awareness through the development of 
awareness programs targeting all classes of society. 

- Benefit from the successful experiences of other countries. 

6.2  International best practice: the case of Matera 

International research and practice in many parts of the world increasingly show that heritage 
conservation is a useful strategy for city revitalization and urban regeneration and also that 
heritage conservation pays in terms of tourism and economic growth. Several authors 
highlight the role of cultural heritage as driver of economic and social development [8]. 
Actually, cultural heritage contributes to the development of local communities and to the 
satisfaction of human needs and the positive impact of regeneration and interventions of 
historic urban areas stimulate local governments to develop culture-led urban strategies.  
     A great example of good practice is the town of Matera, in Basilicata region, in southern 
Italy. It is one of the most ancient towns in the world, originated from its particular position 
on the edge of a cliff, and it dominates the ravine and its steep walls. Over thousands of years, 
the tuff erosion created caves (named Sassi), which were firstly used as simple shelters, but 
over time were transformed into homes. The myriad of natural caves was gradually burrowed 
deeper and expanded into living spaces by peasants and artisans throughout the classical and 
medieval eras. 
     At the beginning of the 20th century, the name Matera represented something negative. 
The sanitary conditions of the cave-houses were unhealthy and unacceptable for inhabitants 
which lead to a progressive disruption. The consequences of the Second World War on 
Matera worsened the situation, when the population of the rural areas, in extreme poverty, 
settled in the caves and old cisterns which were unsuitable for residential use. When Carlo 
Levi published “Cristo si è fermatoa Eboli”, in 1945, the whole country became aware of the 
Sassi matter and of the poor living conditions of the population. Thus, many projects were 
developed to solve this problem [9]. Many research projects were developed to create new 
rural villages and finally, in the 1950s, the entire population of roughly 16,000 people, mostly 
peasants and farmers, were relocated from the Sassi to new housing projects in an ill-
conceived government program. In order to prevent the population from occupying the 
houses they were walled and left to neglect. Sassi were completely abandoned, becoming a 
ghost town edging the new city. Since then, new ideas for the revaluation and the reuse of 
the old districts were launched, through international contests. Several studies were published 
over the years until the middle of the 1980 when Italian government stated the importance of 
the whole area and the intention of an urban, environmental, and economic recovery of 
Matera’s Sassi. Private individuals who wished to carry out a restoration were granted up to 
50% of the total amount. The renovation and the recovery of the Sassi area went on over the 
years and in 1993 UNESCO included Matera’s Sassi in the World Heritage List. 
     Today, these underground residences are being re-inhabited by Italians, and most of them 
have been transformed into hotels and some cisterns are now being turned into spas. Staying 
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in one of the Sassi’s cave hotels has become one of Europe’s most exotic new experiences. 
Along with cave hotels, there are now cave restaurants, cave cafés, cave galleries and cave 
clubs. New opportunities and new tourist path have been offered to guests, including a cinema 
path. In fact, following the renovation of Matera and the reputation of the entire area it has 
been chosen several times to double for ancient Jerusalem in films, including Pier Paolo 
Pasolini’s The Gospel According to St. Matthew and Mel Gibson’s The Passion of the Christ. 
In 2014 Matera was awarded European Capital of Culture 2019, thanks to the Sassi and the 
rupestrian heritage but also because of the great capacity of renovation proved by the city. 
The numerous events arranged during these months have combined tradition and the great 
architectural and cultural heritage presenting Matera as the meeting point for different 
populations. The international visibility of Matera and its tourist potential have been 
enhanced and nowadays Matera represents. the most important open cultural system platform 
in Europe. 

7  CONCLUSIONS AND RECOMMENDATIONS 
Palestine is not just its struggle for independence, but it is also its history and civilization of 
this country especially the city of Hebron and the surrounding villages, which contains 
important archaeological sites. Palestine needs such projects to preserve its history, 
civilization and inheritance especially because of the shortage in this type of projects. It 
important to increase efforts in preserving monuments and work to market them locally and 
globally to encourage tourism because protecting the Palestinian heritage is something 
necessary, as it is an essential condition to perpetuate this nation and its civilization. New 
attention should be given to places that could revive tourism like the Kasbah, which is 
considered the beating heart of this city because of its economic, tourist and historical 
importance. Finally, it’s important to develop new strategies to encourage the private sector 
to invest in this region and create good conditions for infrastructure also rehabilitate streets, 
water, electricity and other necessary investment need. 
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ABSTRACT 
Concrete is the constructive material used to design most of the buildings of the 20th century, some of 
them of great architectural, historical and cultural relevance. However, the social perception that exists 
around these constructions, as regards the consideration as architectural and artistic heritage, reflects 
discordant aspects. Several authors affirm that the 20th century concrete heritage lacks enough 
appreciation by society, which hinders the tasks to develop or encourage their social consideration and 
their tourist use. On the other hand, in some cases, this kind of heritage are not considered attractive 
tourist resources, therefore the maintenance work is no longer a priority, which does not guarantee 
minimum standards of conservation. In this context, the University of Cadiz leads a European project 
H2020 called InnovaConcrete, whose aim is to preserve the 20th century monuments built in concrete 
in countries of the European Union. The Zarzuela Hippodrome (declared an Asset of Cultural Interest 
in 2009 and inaugurated in 1941, after the Spanish Civil War) has been selected as an ideal example 
when gathering aspects of economic, social, cultural, aesthetic and architectural functionality. The 
results obtained, through various surveys and interviews with agents involved, envisage a strong 
correlation between the widespread ignorance about the historical and architectural value of the 
building and its depreciation as a heritage element. It is therefore necessary to reflect on the special 
importance that, for this type of patrimonial groups, have the dissemination and information’s tasks 
about their historical and architectural, as well as artistic and social peculiarities. 
Keywords:  concrete, heritage, tourist potential, cultural appreciation, H2020, InnovaConcrete, 
Zarzuela racecourse, cultural heritage, concrete architecture, Eduardo Torroja. 

1  INTRODUCTION 
Historic and architectural heritage has become in a basic resource in cultural tourism. The 
attraction of this heritage is linked to the historic moment of its construction, the cultural and 
identity bond where it is located and its beauty [1]. Concrete is a constructive material used 
to design most constructions of the 20th century, some of them with a great architectural, 
historical and cultural relevance [2]. Nevertheless, several authors suggest that there is a lack 
of appreciation and care by society [3]. Thus, this does not favour its value, and therefore, 
does not improve its perception from the social point of view. Despite of this affirmation, 
there is some evidence of an increase of interest in some places in Europe by these concrete 
edifications, “there are more people that show interest for the colossal concrete and steel 
structures in the different parts in the older Yugoslavia” [4]. 
     In the light of the foregoing, is interesting to know the motives of the low valuation of 
these monuments and its incipient interest of the tourist and citizenship in general “This 
architectural heritage is a material testimony of its age, place and use” [4]. 
     In this context, the University of Cádiz leads a project, InnovaConcrete [5], supported by 
the European Union’s Horizon 2020, whose main purpose is to intervene in technical aspects, 
combined with activities to promote and achieve social awareness and value creation linked 
to monuments and representative buildings. One of the study cases of InnovaConcrete is the 
Zarzuela Hippodrome in Madrid [6]. The architects were Carlos Arniches and Martín 
Dominguez Esteban. They were joined by the engineer Eduardo Torroja, a pioneer in the 
design of concrete shell structures. His work on the stands with their distinctive roof is 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  17

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press

doi:10.2495/STR190021



recognized internationally [7], [8]. It was declared as a Bien de Interés Cultural (category  
of the heritage registered in Spain and in other Spanish-speaking countries) in 2009.  
The hippodrome was built in 1935, but it was interrupted during the civil war in 1941. The 
inauguration took place in 1941. Currently, it keeps its functionality as a racecourse and 
cultural centre, where is located the museum of Eduardo Torroja Foundation. The Zarzuela 
hippodrome is an example where we can collect some functional aspects such as economic, 
social, cultural, aesthetic and architectural [9]. 
     At this point, the main goal of this paper is to provide an indirect estimate of the perception 
that users have of the 20th century concrete heritage, through a general analyse of the results 
obtained in the Zarzuela hippodrome case.   

2  METHODOLOGY 
The methodology is according to a general framework for qualitative researches with an 
exploratory character, through a bibliographic search of the published studies, such as the 
Higher Council for Scientific Research (CSIC) and monographs and papers about tourism, 
such as Cuadernos de Turismo, Pasos, among others. Moreover, the official webs of 
international organizations, as UNESCO and Docomomo (Documentation and conservation 
of the architecture and urbanism of the modern movement), have been consulted. 
     To determine the factors that directly affect the value of the Zarzuela hippodrome, we 
proceeded to design a range of surveys to be applied in situ and through cards with QR codes, 
distributed to racecourse users so that they could access the online survey. 
     A work calendar was designed in three phases (see Fig. 1) throughout the year 2018–2019 
to achieve a transverse time dimension and to estimate the frequency at a given time. Since 
the P value (equal or greater) (see Table 1), for runs above and below the median is less than 
0.025, there is a statistically significant mix with a confidence level of 95%. 
 

 

Figure 1:  Sequential graphic. Nom. Responders per phase. (Source: Own elaboration.) 

Table 1:  Sequential data. (Source: Own elaboration.) 
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     The type of sampling used is random (simple), pq, of a certain number of individuals  
of a population that, at the given time, comply with the phenomenon object of study: to be  
in the hippodrome.  
     This guarantees that all the components of the population are equally likely to be part  
of the sample and each of the possible samples of the same size have the same probability  
of being chosen.  
     The statistical base consists of 371 responses, with a 95% level of confidence and an error 
rate of 4.2% (SE = 0.75). Referring to the homogeneity of the answers related to perception. 
To calculate the sample, it has considered the population based on data obtained in 2017 
(number of visitors). 
     The survey has twenty-one questions and it is divided into three themed content bocks:  

1. Visitor profile: gender, origin, age, motive of the visit, etc. 
2. Set of buildings: satisfaction in multiple points and information related to the group 

of buildings. 
3. Cultural uses: different uses of the hippodrome.  

     For the selection of the questions, it was considered the nature of the content and its 
function, including the next kind of questions:  

- Closed (pre-coded or fixed response).  
- Multiple choice:  

1. A range of answers: multiple choices of answers, being exhaustive and  
mutually exclusive.  

2. The range of answers with an open item: suitable for that what is not complete 
certainty of being exhaustive, leaving the possibility to the respondent of adding 
options which are not contemplated in the given alternatives.  

3. Estimation questions: We have opted, as scaling procedures, the summative 
ranges (Likert). 

- Identification questions (gender, age, studies level and provenance.) 
- Questions of consistency and control, to check the consistency of the answers of  

the respondent. 

3  STUDY CASE: ANALYSIS AND DISCUSSION 
Based on the results obtained during the fieldwork, we obtain a valuable source of 
information that allows us to define, on the one hand, the profile of the visitor, analysing 
issues such as age, gender, origin, whether the visit to the hippodrome is recommended or 
not, if it has been previously, etc., as well as issues directly related to the degree of 
knowledge, satisfaction and patrimonial valuation of the building and its knowledge about it. 

3.1  Thematic block 1: Visitors’ profile 

For defining the responders’ profile, we observe the data cross between the independent 
variable Age and Gender, with dependents variable such as kind of event chosen, reason for 
the visit, if has been previously in the hippodrome and the origin of the user.  
     Regarding the respondents’ provenance (see Fig. 2), the responses collected allow us to 
highlight the following data:  

 97.22% have Spanish nationality, 
 of which 93.57% are from Madrid (291 visitors). 
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Figure 2:  Pie chart. Provenance. (Source: Own elaboration.) 

 

Figure 3:  Mosaic graphic. Gender, Age and Event. (Source: Own elaboration.) 

     The races at the hippodrome take place in day and night events, depending on the time of 
the year. Therefore, in order to differentiate the main profiles (see Fig. 3), Age and Gender 
are listed below, considering Event.  
     The Burt table (Table 2) shows the simultaneous occurrence of pairs of categories for  
two variables. 
     This procedure shows the relationships between the categories of the three data variables. 
As shown in the graph, according to the total number of surveys conducted, both personally 
and online, the male gender stands out over the female. Also, the age between 25 and 44 
years predominates in the sample collected. On the other hand, given the temporality of the 
data collection, more responses were obtained in the daytime events, since the night races are 
included in the months of July, August and mid September.  
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Table 2:  Burt – inertia calculated: Event, Age and Gender. (Source: Own elaboration.) 

 Gender: 
female 

Gender: 
male

Age: 
18–24

Age: 
25–44

Age: 
45–64

Age: 
>65 

Gender: 
female 

137 0 24 77 32 4 

Gender: 
male 

0 234 32 97 77 28 

Age: 18–24 24 32 56 0 0 0 
Age: 25–44 77 97 0 174 0 0 
Age: 45–64 32 77 0 0 109 0 
Age: >65 4 28 0 0 0 32 
Event: day 102 197 39 139 89 32 
Event: night 35 37 17 35 20 0 

 

 

Figure 4:  Frequency polygon – education level. (Source: Own elaboration.) 

     According to the education level, 76% of the respondents have university studies, 
followed by 18% who affirm to have secondary education (see Fig. 4). 
     An important fact from results reveals that 72% (total sample) visit the racetrack on 
several occasions. It should be noted that 90% of respondents know the hippodrome by 
family and friends, which could place the hippodrome as a usual leisure place, a fact that 
already points positively to the perception of the visitor. However, this situation could reflect 
that, currently, new visitors to the building are not being attracted, supposing a weakness in 
the diffusion activities and, hence, in its tourist underutilization.  
     Regarding the reasons for visit the hippodrome, the general data reflect that, although the 
main motivations are horse races (56%) followed by the environment or social meeting place 
(24%), other types of activities are also selected as complementary offer, as shown in Fig. 5.  
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Figure 5:  Histogram – reasons for visit the hippodrome. (Source: Own elaboration.) 

     With the aim of looking for differences or similarities in the samples by type of event, 
respondents were asked in which time zone they usually go to the hippodrome. 
     Given the results, we can highlight a certain trend between day visits with main attraction 
for horse races (46%) and, on the other hand, the environment as a social meeting place for 
night visits (42%). Both percentages of total visits per event.  
     In respect of the Eduardo Torroja Museum and the Miguel Ángel Ribera Library, 1% and 
0% (respectively) of the survey respondent say that they have visited the Eduardo Torroja 
Museum and that fact, is an extra motivation to visit the racecourse. However, is not 
unexpected the low percentage if we consider that 98% of survey respondents did not know 
that the museum and the library exist.  

3.2  Thematic block 2: Set of buildings: satisfaction in multiple points and information 
related to the group of buildings. 

To introduce this thematic block, two questions were included to evaluate the general 
knowledge about the building, being: Did you know that HZ is protected as a cultural asset 
(BIC) since 2009? and Did you know who was the engineer who participated in the 
construction of the Zarzuela hippodrome? We have the same results in both questions, 93% 
of the survey respondents did not know the answer. This point can be quite enlightening to 
understand how important the knowledge is for the proper valuation of heritage.  
     The items valued have been those related to the historical, architectural, aesthetic and 
cultural perspective, as well as aspects oriented to the building infrastructure such as access, 
signalling or seat in the stands.  
     In order to achieve a global vision of how users value the hippodrome and the components 
of its offer, the relationship between the different valuations, in scale questions from 1 to 5 
(being 1 Not enough and 5 Excellent) and the different items considered is shown in Fig. 6.  
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Figure 6:  SCA – Correspondence analysis. Set of buildings. (Source: Own elaboration.) 

     As the analysis shows, the evaluation aspects of the building, such as architecture, history 
or aesthetics are positively valued. Although, the representativeness of the data is reduced, 
except for Tourist information available to visit the hippodrome, Hippodrome as sport centre 
and Website Quality variables. It is necessary to highlight the general discontent of the users 
due to the lack of tourist information in the city of Madrid or in the nearby provinces. In the 
same way that the lack of activities dissemination to advertise the hippodrome to new visitors. 

3.3  Thematic block 3: Cultural uses: different uses of the hippodrome 

In the third and last block of the survey, information was obtained about the variables related 
to the hippodrome’s cultural uses such as Events, Dissemination of activities, Library, Miguel 
Ángel Ribera Library, Eduardo Torroja Museum or Racehorses as cultural element, among 
others. From this block is extracted as general data that the dissemination of activities carried 
out by the hippodrome is insufficient or poor (45%); the museum or the library is not 
disseminated and, hence, unknown by users (78% do not know it); the hippodrome is 
considered as an important tourist offer (70%) and as a social place. The best valued aspect 
is the global beauty, with 83% of the total sample.  
     The data moves away from the general average, obtaining a good representativeness in 
general terms (see Fig. 7). 
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Figure 7:  SCA – correspondence analysis. Cultural uses. (Source: Own elaboration.) 

     To conclude with the global data from the users’ perception and satisfaction, an analysis 
by subgroups is shown below that unites all the valuation variables from the 2nd and 3rd 
blocks (see Fig. 8). 
 

 

Figure 8:  Subgroups analyses – frequency per value. (Source: Own elaboration.) 
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     This procedure calculates the summary statistics for the frequency values corresponding 
to each of the 6 levels of value, being 1 Insufficient, 5 Excellent and 6 Do not Know/Do not 
answer. The general data show a positive evaluation from users. The global average valuation 
of the hippodrome, from the 15 items indicated, is located in most of the cases around the  
5–4 (Excellent–Good rating).  
     In terms of age (see Fig. 9), the users who most value the architectural, aesthetic and 
historical aspects are those between 24 and 44 years of age, followed by the range of 45 to 
64 years. 
 

 

Figure 9:  Subgroups analyses – frequency per value. (Source: Own elaboration.) 

     Before finalizing the survey, a last question was included to find out whether users would 
recommend the hippodrome to a friend. The results reflect 100% of the affirmative answers. 
     In general terms, we have detected that the hippodrome is perceived as a sports and leisure 
centre, where are users from Madrid who frequently visit the place. 
Cultural aspects and heritage information, as well as general knowledge about the building 
as a cultural asset, are unknown to a large number of visitors (98%). However, in terms of 
architectural, historical and aesthetic terms, the results envisage a positive assessment. 
     Finally, the cultural offer seems not to be sufficiently widespread, which could be a cause 
of the general ignorance detected. Also, one of the aspects most recognized by the 
respondents has been the high dissatisfaction derived from the lack of publicity. 

4  CONCLUSION 
Concrete is part of one of the basic materials of big quality in many buildings, structures and 
modern monuments that currently are considered historically important. However, as 
architectural and artistic heritage and the social perception existing around this construction, 
the value over them is low. Many authors confirm, that 20th century concrete heritage have a 
lack of appreciation by society [3], [10]. This difficult the tasks to develop or encourage its 
tourist enhancement. 
     On the other hand, these constructions are not considered as an attractive tourist resource, 
hence, the maintenance work is not priority, it means that does not allow to guarantee 
minimum conservation standards [11]. 

1
3
%

8
7
%

0
%

0
%

0
%

4
5
%

4
3
%

9
%

0
% 4
%

3
3
%

4
9
%

1
4
%

1
% 3
%

3
2
%

6
4
%

2
%

0
% 2
%

G OOD EXCE L L ENT NORMAL DK /DA POOR

>65

18‐24

25‐44

45‐64

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  25

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



     In this context, the data collection in Zarzuela hippodrome, within the Project 
InnovaConcrete for its value, shows a result that reflects a limited perception of its 
patrimonial value by users from the point of view of the knowledge about the building. 
     There is a big rank of answers given about the architectonic beauty and aesthetics aspects, 
however, the lack of general knowledge about its historic value is detected. 
     A consequence of this unknowledge could be the lack of tourist activity in the 
hippodrome, this is confirmed by the data received from the surveys, where 93.5% of  
the respondents are from Madrid. This data should be pointed because, firstly, its special 
tourist potential and, secondly, the highest influx of tourists in summertime, with an arrival 
in July (2018) of 855,296 in Madrid (5.6% more than 2017) [12]. This data could be 
consistent with the lack of interest, by tourist companies, to include Zarzuela racecourse as a 
point of visit for touristic itineraries in the province. 
     It is not surprising, therefore, that 45% of survey respondents consider the dissemination 
of the offer of racecourse activities to be not enough. Cultural offer of the racecourse seems 
not to be enough disseminated, focusing its publicity, almost exclusively, to Social media 
and official web site (unknown by 42%), excluding tourism office or tourist specialized webs. 
     Concluding, with the given results, the Zarzuela hippodrome seems to be perceived as a 
sport and leisure place. Without considering its cultural attractions such as the Eduado 
Torroja museum o Miguel Ángel Ribera library. 
     Sum up, the 20th Century concrete heritage seems to suffer a general ignorance by society. 
In view of the above, it is considered especially important to make efforts aimed at improving 
the dissemination and awareness of the high architectural, cultural and historical values of 
these kinds of buildings. Such an effort would help to better understand them and, therefore, 
encourage their tourist use. 
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ABSTRACT 
Cultural tourism is a good way to promote and safeguard the cultural heritage of a place. Cultural 
tourism includes film tourism, which consists of those places where cinema and TV productions have 
been shot. This can contribute to valuing the local cultural heritage or, by contrast, to reifying it and, 
consequently, to the loss of its authentic and its identity. In the following article we propose a system 
of indicators of sustainable development in order to evaluate and guarantee long-term sustainability in 
those places identified with traditional cultural heritage and that have become film sceneries. Once 
the study cases have been identified, the cultural landscapes that are going to be evaluated will be 
defined. To do that, we will identify and select the film sceneries according to the degree of 
conciliation between these and cultural heritage. The impact on society of the cinema productions will 
also be taken into account. The union amongst the film sceneries through the local heritage (built 
heritage, landscape heritage, etc.) will result in one or several cultural landscapes where the balance 
between the welfare of the host society and the tourism demands will be evaluated. To put into 
practice the following methodology, the Historic Centre of Peñíscola has been chosen to be evaluated. 
This was declared a Historic-Artistic Site in 1972 and has a long history as film scenery, which has 
contributed to its valuation and has brought it closer to the audience.  
Keywords:  film tourism, film sceneries, cultural heritage, cultural landscapes, indicators of 
sustainable development, degree of conciliation. 

1  INTRODUCTION 
Cultural tourism is said to be “that form of tourism whose object is, among other aims, the 
discovery of monuments and sites” [1]. It is a highly demanded form of tourism and, 
because of this, it is a good way to value, promote and, consequently, preserve the 
traditional cultural heritage [2, p. 1] as long as it is correctly managed. However, the 
relation between cultural heritage and cultural tourism is constantly evolving. It is always 
adapting to the new tourism tendencies and demands, which are farther and farther from the 
points of interest of the traditional and rooted cultural heritage and closer to other 
components of a global and shared collective imagination such as gastronomy, sports or 
cinema. In the following article we aim to focus on and look in-depth into the latest, the 
cinema. More specifically, we aim to look in-depth into the film sceneries and how they 
influence the cultural heritage. 
     Film sceneries are said to be places where cinema productions have been shot and that 
nowadays have become an important point of attraction for tourists. Movie-induced tourism 
which encourages tourists to visit those film sceneries is known as “Film Tourism” [3]. 
Film tourism can be beneficial in promoting tourism destinations and their local heritage. 
     However, the audience seems to feel more attracted to those imaginary worlds created 
by cinema and TV rather than by the authenticity of the sites and their monuments. These 
sceneries become part of the cultural legacy of a site, being identified with the latest. Due to 
this, traditional cultural heritage is being relegated to a second place and, in some cases, it 
is being deprived of its true identity, being led into reification. In addition, this new tourist 
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product encourages a new mass of tourists to come to these locations, for which they may 
not be prepared, making changes in their traditional lifestyles in favour of tourism 
demands. In short, they change their identity.  
     A constant and dizzying growth of tourism demands, among which film tourism is 
included, justifies an increased interest for the definition of systems of indicators applied to 
tourist destinations as a means of the evaluation of the degree of sustainability. In this 
article, a system of indicators of sustainable development is proposed in order to evaluate 
both the degree of sustainability of those destinations identified with a traditional cultural 
heritage and their future prospect, especially after the shooting of one or a large range of 
cinema productions that have had some impact in society. The indicators must provide 
information regularly and must be reviewed from time to time, so that a long-term 
sustainability can be guaranteed.  
     A model of sustainability intends to guarantee the balance between tourism demands and 
the welfare of the host society by respecting the latest’s socio-cultural authenticity, making 
a good use of its environmental resources and creating activities that provide sustainable 
economic benefits to its agents in the long-term [4].  
     There is a great variety of systems of indicators and all of them consist of two parts: a 
selection and an evaluation criteria for indicators. With regard to the former, we will take 
the selection criterion proposed by the UNWTO and documented in the book “Indicators of 
Sustainable Development for Tourism Destinations. A Guide Book” [5] as a reference. 
According to UNWTO, the selection criterion is divided into two phases: the identification 
of tourism destinations, their attractions and the risks uncontrolled tourism would involve 
and the selection of the indicators [5, pp. 28–30, 43–49]. The latest can be approached from 
two perspectives: a selection of the indicators through which the right questions could be 
asked or the identification and selection of the questions for which we would need to 
request information and validate the sources of information.  
     Once the indicators have been selected, we aim to evaluate them. However, these are 
many and diverse, measurable with a large range of metrics (m2, % of deterioration, etc.) or 
not measurable. The number of indicators must be reduced and a unit of measurement must 
be stated. For these reasons and because we will partly be based on the following concept, 
we will go for the “synthetic indicators”.  
     The use of synthetic indicators allows us both to reduce the number of indicators 
without reducing the volume of information and to quantify what is not quantifiable (degree 
of satisfaction, the degree of sustainability, etc.). The analyst is responsible for the election 
of indicators and the evaluation criterion. “He will standardise and ponder the information, 
removing some of the subjective aspects, which are part of the synthetic measure and 
inherent to analyst, as he is involved in the subject of study” [6]. In other words, there is no 
method better than another to construct a synthetic indicator. It is only the analyst’s election 
of an aggregation process based on the needs and concerns of the study they are carrying 
out. In short, we will do the same with the system of indicators proposed. 

2  A JUSTIFICATION FOR THE METHODOLOGY 
However, why do we need a new system of indicators? Why don’t we make use of those 
already existing? As with the existing ones, we will make use of an aggregation process so 
that we can summarise the selected indicators in three groups (synthetic indicators), each of 
them corresponding to each of the indicators of sustainable development (socio-cultural, 
environmental and economic). But unlike these, we don’t search for neither the 
quantification of what is not quantifiable, nor the suppression of the subjective character 
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implied in the questions of the study and, therefore, in their indicators and evaluation 
method. Not because it can’t be done, but because it should not be done.   
     There are several factors which are constantly changing and evolving such as the ones 
related to culture. “Culture is one of those concepts that is said to be migrant, which means 
its meaning is permanently changing in both a spatial and timeframe. The subjectivities of 
culture’s content are as diverse as the societies and the individuals that develop and value 
a particular cultural expression” [7]. That is why we question the viability of the existing 
systems of indicators and their application to diverse fields. And for the same reasons, the 
system of indicators we propose is more qualitative, applicable to all those sites which are 
concerned with the preservation of their traditional cultural identity due to an uncontrolled 
film tourism. However, each site will always keep its single and subjective character, which 
means all the study cases shouldn’t be valued according to the same parameters.  
     In order to carry out the following methodology, we must ask ourselves how the film 
sceneries are chosen. The confection of the diverse sceneries starts with elements that build 
the site such as the built heritage, the landscape heritage, etc. These ones highlight the 
individual, authentic character of the site, of an added value that makes it different from  
the rest and therefore, more accurate and suitable for the argument and the setting of the 
cinema productions. Such components of the site create a link between reality and fiction, 
making possible a certain degree of conciliation between them, without the latest 
overshadowing the former. The heritage value of a site plus the value added by the cinema 
equals a large range of study cases, each of them unique and unrepeatable.  
     From now on, we shall start with our proposal for a system of indicators. Apart from the 
already mentioned characteristics of the sites we are about to evaluate, we will tighten  
the circle by focusing on small or medium-sized coastal towns, with the beach and the sun 
as other tourist attractions, which means we are focusing on sites which should be lightly 
used to tourism. For a better understanding of the methodology and to prove its viability, a 
study case will be exposed. In this case, the Historic Centre of Peñíscola has been chosen. 
This was declared a Historic-Artistic Site in 1972, has great experience in film sceneries 
that dates back to the beginning of the 20th century and that has contributed to promote both 
its built and landscape heritage at international level.  

3  A PROPOSAL OF A METHODOLOGY 
The following methodology will consist of three phases: the definition and delimitation  
of the evaluation scope or cultural landscape; the selection of the items and the  
indicators of sustainable development (socio-cultural, environmental and economical) and 
their evaluation.  

3.1  The definition and delimitation of the evaluation scope 

The first phase is subdivided into four sections: the definition of the tourist destination, the 
identification of the film sceneries and both the cultural and natural assets that compose 
them, the visual perception of the cultural landscapes from other points of view and the 
final composition of the cultural landscapes to be evaluated.   

3.1.1  The definition of the tourist destination 
To define the tourist destination, we will make use of the classifications documented in  
the already mentioned “Indicators of Sustainable Development for Tourism Destinations. A 
Guide Book”. Amongst all the classifications, the ones that best fit the type of tourist 
destination to be evaluated are: “Small and Traditional Communities” [5, pp. 281–282], 
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“Built Heritage Sites” [5, 99. 278–281] and “Urban Tourism” [5, pp. 282–286], referring to 
those sites identified with a single built heritage and for which it is worth visiting. The 
“Coastal Zones” [5, pp. 247–251], the “Beach Destinations and Sites” [5, pp. 251–253] and 
the “Natural and Sensitive Ecological Sites” [5, pp. 263–268] provided with a great variety 
of highly demanded ecosystems for both local residents and tourists will be included.   
     Referring to the Historic Centre of Peñíscola, this is composed of the Old Town or a 
residential complex surrounded by Middle-Aged and Renaissance walls and its immediate 
surrounding known as the “Influence Area”. Besides the walls, inside the Old Town stand 
out other singular buildings such as the Castle of Peñíscola, the Parochial Church or the 
Church “La Ermitaña”.  
     The Old Town is located on a natural enclave (limestone rock) that was originally linked 
to the land via a sandy isthmus that little by little has been affected by the continuous works 
on the extension project of the port at the southern side of the site or by the progressive 
construction of residential buildings for tourists at the western side of the site or alongside 
the isthmus that started in the 40s. These works have contributed to the loss of identity and 
the environmental degradation of the site, since the sandy isthmus has partly disappeared.  

3.1.2  The identification of the film sceneries and both cultural and natural  
heritage assets that compose them 

Once the tourist destinations have been selected, we will proceed to the identification  
and the selection of the film sceneries and with that, the identification of both cultural and 
natural assets that compose them. Firstly, a list of all the cinema and TV productions that 
have been shot in the selected tourist destinations will be made. However, there may be a 
lot of films or TV series in that list and their storylines and, consequently, their settings 
may be very different from each other. For these reasons, a selection criterion of the cinema 
productions will be set. This will be based on the following two criteria: the degree of 
conciliation amongst the elements that make up the site (architectural, urban, landscape, 
etc.) and the setting of the cinema productions; the degree of appreciation of the audience at 
different levels (local, national, international level). The former will highlight the individual 
character of each of the tourist destinations. 
     The film history of Peñíscola dates back to the first decade of the 20th century and, 
nowadays, remains firm. Its long list points out films such as “Calabuch” (Berlanga, L.G., 
1956), “El Cid” (Mann, A., 1961), “Todos eran Culpable” (Klimovsky, L., 1962) or the 
more recent and popular “Game of Thrones” (2011–2019). Due to the built and landscape 
characteristics of the Historic centre of Peñíscola, we will opt for historical cinema 
productions that best fit the aforementioned constructions. Having taking into account the 
degree of conciliation of both the film sceneries and the characteristics of the site and the 
degree of acceptance of the diverse cinema productions, we have finally opted for the 
following study cases: “El Cid” (1961) [8] and “Game of Thrones” (2015) [9]. The study 
cases will be evaluated separately. 
     After identifying and selecting the final cinema productions, we will have to identify the 
film sceneries and the built or landscape heritage that makes them up. To do that, a 
deconstruction process through which we will decompose each film scenery by identifying 
and separating the cultural goods from the added decorations (stage decorations, special 
effects in films) will be developed. In other words, we will separate reality from fiction. To 
begin with, we will have to start with a brief description of the story and the setting of the 
films, so that we can figure out what is real and what may have been added.    
     For the shooting of the film “El Cid”, the Historic Centre of Peñíscola was converted 
into the city of Valencia in the 11th century. Although this city was founded by the 
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Romans, in the 11th century this was under the Arab’s reign, which means there must have 
been perceived the Arab influence in the streets. With regard to “Game of Thrones”, the 
Renaissance walls of Peñíscola became the walls of a fictional town called “Meeren”. 
Although it seems to be a medieval town, there is not much information about it.   
     Later, we will then identify all the film sequences where the film sceneries appear. We 
will have to resort to the films or TV series themselves and capture all the frames (images) 
of which the sequences consist. Each sequence will be labelled with the title of the film or 
TV series, the season and the chapter (in case it is a TV series), a brief description of the 
scene and the minute of the projection.  
     Once all the sequences have been identified, we will identify the film sceneries. 
Therefore, we will make use of a location plan with different scales, according to the 
number and the area of the film sceneries, the context to which they belong (different sites, 
their monuments, etc.), the level of detail, etc. 
     In the case of the film “El Cid”, a total of seven sequences organised in three different 
film sceneries have been identified: the Ramp of Felipe II and its immediate surroundings, 
the Gate of Sant Pere and the Northern Beach, with the Old Town of Peñíscola as a 
backstage. Referring to “Game of Thrones”, during the sixth season, a total of four 
sequences distributed over three chapters and organised in two film sceneries have been 
found. The film sceneries are the already mentioned Ramp of Felipe II and the Parque  
de la Artillería. As we can observe, the same site can become several different film 
sceneries (Fig. 1). 

 

Figure 1:    Location plan of the film sceneries. “El Cid” (in red), “Game of Thrones” (in 
blue), film sceneries in common (in purple). 

     After delimiting the area of the film sceneries, we will keep track of the film sequences 
over the location plan and, if it was possible, in situ. On the same plan, we will draw the 
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storyline of the relevant sequences, indicating the continuity or discontinuity of them. 
Along the film routes, the approximate location and orientation of the film cameras will  
be set. In addition to the film routes, some frames (images) of the film sequences will be 
included. The images will be organised chronologically and each of them will refer to one 
of the cameras set on the plan (Fig. 2). The inclusion of the images will help us in both the 
comprehension of the film sequences on the plan and in situ and the total space captured by 
the cameras and its depth of field. The images will be directly cut out of the films or TV 
series, so that the images can maintain the length-to-width relationship. Each of the 
sequences will correspond to one plan.  

 

Figure 2:    The Ramp of Felipe II and its immediate surroundings. Film sequence 
“Conspiracy”, (“El Cid”). 

     On the very same location plan, we will identify and indicate the heritage goods that 
compose the film sceneries (Fig. 3). In case that more than one sequence or even more than 
one cinema production had been shot in the same scenery, we could be dealing with 
information overload and we would need to resume it and documented in just one plan by 
keeping those cameras that would give us as much information as possible and getting rid 
of the rest. The cameras orientated to a clear stage decoration will be temporally rejected. 
Once all the heritage goods in the film sceneries have been identified, they will be located 
on the same location plan or on another plan at a lower scale, so that we can perceive the 
total area of the film sceneries.  
     Amongst the immovable goods, we can differentiate between cultural built heritage and 
the natural heritage [2, p. 2]. The built heritage is divided into two groups: the buildings or 
the monumental constructions plus their immediate surroundings and the open urban spaces 
plus the buildings around them that delimitate their area. For the collection of the most 
relevant data on both cultural and natural heritage like the heritage value of these, their 
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degree of protection, the state of preservation, etc., we will make use of local regulations 
such as Special Protection Plans for Heritage, Catalogues, Special Plans for both Internal 
and External Reform, etc. We will also resort to national and international regulations.  
     Despite the fact that both cinema productions were shot in different film sceneries, they 
share one of them: the Ramp of Felipe II and its immediate surroundings. It consists of the 
Batteries of the Oblivion, Calvary and Santa María, the Balcony of Pilatus, the residential 
complex on the west face of the hill and the Old Town as a whole in the distance.  
     As we have identified the heritage goods and have documented them on the previous 
plans, we will do the same with the stage decorations and the special effects additions in 
films (Fig. 3). As we have mentioned before, in the film “El Cid”, the Historic Centre of 
Peñíscola became the city of Valencia in the 11th century, which was under the Arab reign 
and for which certain type of decorations such as Arab arches, Horseshoe arches, etc. had to 
be added. In addition, a fake wall has been detected alongside the sandy isthmus and in the 
west face of the hill, so that the residential complexes for tourist that have been built since 
the decade of the 1940s were hidden. With regard to “Game of Thrones” there have been 
detected more special effects additions in the sceneries rather than stage decorations. 
Among these, a great pyramid at the top of the hill has been detected. 

 

Figure 3:    The total area of the film scenery: the Ramp of Felipe II and its immediate 
surroundings. Built heritage (the Ramp of Felipe II (1), (2), the Batteries of the 
Oblivion (1), (2), of the Calvary (1), (4), (5) and of Sta. Mary (3) and stage 
decorations. “El Cid”. 
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3.1.3  The visual perception of the cultural landscapes from other points of view 
Once the process of deconstruction is over, we will continue with the definition of the 
cultural landscape. The following section is entitled “The visual perception of the cultural 
landscapes from other points of view” and proposes a perception of the previously drawn, 
but unfinished cultural landscape from different paths of civilian transit in the distance. The 
perception of the landscapes from other points of view will provide us with a more global 
and coherent vision of them, standing out items or other elements not present in the film 
sceneries, but highly prominent in the landscapes. For these reasons, these items must be 
included in the final landscape. 

3.1.4  The final composition of the cultural landscape  
To end the definition of the cultural landscape, we will have to collect all the previous plans 
and superimpose them into one single plan, so we can visualise the final landscape (Fig. 4). 
 

 

Figure 4:  The final composition of the cultural landscape and all the items that compose it.  

3.2  The items and indicators of sustainable development  

Once the cultural landscape has been defined, we will ask the questions that need to be 
answered and express our concerns that need to be solved and, consequently, the indicators 
that support them. To do this, firstly, we will appeal to the previously mentioned 
“Indicators of Sustainable Development for Tourism Destinations. A Guide Book”, where a 
large range of concerns according to the diverse tourist destinations have been documented 
[5, pp. 58–59, 76–82, 91, 112–113, 124–125, 147]. Some of these will be selected and 
collected in a first list. Later, we will generate a second more personal list related to the 
film sceneries and how they can influence the cultural heritage of the tourist destinations. 
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The study of the two lists will result in a final selection of questions and in the indicators 
and the sources of information.  
     After having studied both lists, the final questions will be “protecting and promoting the 
cultural value of the site”, “tourism as a contributor to socio-cultural and environmental 
changes” and “culture and economic development of a site”. 

3.2.1  Protecting and promoting the cultural value of a site  
So that we can evaluate the first question, we will appeal to the already mentioned “degree 
of conciliation” amongst both cultural and natural heritages and the film sceneries. In case 
there were more than one film scenery in the evaluation scope or cultural landscape, it 
would be interesting to create a link through the local heritage resulting in one or several 
cultural itineraries (some may exist) that promote both the traditional cultural tourism and 
film tourism. These cultural itineraries and indicators will be called “Structures of cultural 
interest. Film sceneries and Cultural heritage”.  

3.2.2  Tourism as a contributor to socio-cultural and environmental changes 
The second question will be evaluated through the following indicators: “The satisfaction 
of the basic and the complementary demands alongside the structures of cultural interest” 
and “The visual impact management of the cultural landscape”. The former aims to 
evaluate the degree of satisfaction of both the basic (transport infrastructures, 
accommodation, catering) and complementary (entertainment, leisure, etc.) demands 
alongside the existing or non-existing cultural routes. The latter, however, intends to 
evaluate the (urban, aesthetic, etc.) evolution and the state of preservation of the cultural 
landscapes throughout the cultural routes or in the distance, referring to the points of view 
proposed in the previous section “Visual perception of the landscape” and others. 
     To study the evolution and development of the cultural landscapes, we will have to 
resort to local regulations such as urban planning frameworks, Special Protection Plans for 
Heritage, Special Plans for Reform, photographs, local testimonies, etc.  
     Another factor to take into account is the human factor, in other words, the presence of 
tourists in the host communities and how they affect the day to day life of the local 
residents. The existence or non-existence of Tourism Promotion Plans, satisfaction surveys 
for inhabitants and tourists, etc. will be considered and valued. 

3.2.3  Culture and economic development of a site 
To evaluate the third and last question, we will make use of these two indicators: “Tourist 
offer”, referring to all those cultural activities offered by the host communities and “Use 
Intensity” before and after the shooting of a film or TV series. 

3.3  The application of the methodology. The evaluation of the indicators of  
sustainable development 

Although the number of questions has been reduced to three and, with these, the number of 
indicators, we need to reduce them a little bit more before proceeding to the final 
evaluation. With regard to the already mentioned “synthetic indicators”, whose main 
function consists of reducing the number of indicators without reducing the quantity and 
the content of the information, we aim to reorganise and, thanks to that, to simplify all the 
indicators written above into two groups: “Structures of cultural interest: Cultural 
Heritage, Cinema and Cultural Tourism” and “Basic demands: the uses of the buildings 
and open spaces”. 
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3.3.1  Structures of cultural interest: Cultural heritage, cinema and cultural tourism   
The following section reunites the following indicators: “Structures of cultural interest. The 
Degree of Conciliation among both cultural and natural heritages and film sceneries”, 
“Tourist Offer. Cultural Activities” and “The Visual Impact Management”. The latest 
indicator will be part of both groups. In this case, it will refer to development and the state 
of preservation of the cultural landscapes.  

3.3.2  Basic demands. The uses of buildings and open spaces  
Besides the indicator entitled “The satisfaction of the basic and the complementary 
demands alongside the structures of cultural interest”, this section will newly include 
“Visual impact management”, based on the presence of tourist in the diverse destinations 
and how they influence the day to day life of the local residents.  
     All the information obtained will be compiled in a series of tables and graphically 
represented in one single plan (Fig. 5). This plan will include the total area of the evaluated 
cultural landscape, its respective structures of cultural interest (new ones and already 
existing ones) and its tourist offer, the buildings and public spaces intended for leisure 
(museums, theatres, etc.), accommodations, catering and the transport infrastructures. 
Down below, the final plan of the cultural landscape of the Historic Centre of Peñíscola 
will be shown. 

4  CONCLUSIONS AND FUTURE PROSPECTS   
On the plan represented in Fig. 5, a total of three different structures of cultural interest are 
shown. Two of them (the Monumental Route in yellow and the Historic-Artistic Route in 
orange) already existed and the third one is a new one and it is drawn in red. This one 
corresponds to the film sceneries where both the film “El Cid” and the more recent TV 
series “Game of Thrpones” were shot and the union amongst them through the built 
heritage of the site, in the case, the Renaissance walls on the west face of the Old Town of 
Peñíscola. We can emphasise several connection points among the three cultural routes 
such as the walls themselves, the Battery of Santa Ana, the Ramp of Felipe II and the 
Parque de la Artillería, which lead us to the conclusion that it is a high degree of 
conciliation between the local heritage and the film sceneries. 
     Each of the structures of cultural interest is organised alongside a path mainly intended 
for pedestrians. Due to a sloping ground and, consequently, to the staggering of the walled 
complex, the use and the vehicle parking are restricted to some points, such as the Battery 
of Santa Ana and the Ramp of Felipe II, as it can be observed in Fig. 5. For these reasons 
and because of the existence of local regulations that regulate the degree of intervention in 
the Historic Centre of Peñíscola, the degree of protection of both the individual and 
collective constructions and of the aesthetic of the landscape is high. On the plan, the 
human factor is not reflected because there are many uncertainties and indicators to be 
evaluated (the annual number of tourists, in both the high and the low seasons, the 
occupancy of tourist accommodations, etc.). However, it is essential that a continuous 
follow-up of these and other indicators that can contribute to destabilize the host 
communities’ lifestyles and the image of the landscapes is undertaken. 
     In conclusion, we can assert that the degree of sustainability of the Historic Centre of 
Peñíscola is high and that the proposed methodology has proven to be right and accurate for 
the evaluation of this type of tourist destinations. However, it is convenient to apply this 
methodology to other study cases, whether they are similar to the Historic Centre of 
Peñíscola, with a long film career, or those study cases at the very beginning of their film 
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career. This will allow us to obtain more detailed information about the viability of the 
proposed methodology and its weaknesses, contributing to its improvement and perfection. 
     In addition to this, the proposed indicators must provide information regularly and must 
be revised from time to time or even complemented with others that were not proposed 
originally, but that could help complement the obtained data and guarantee a long-term 
sustainability of the tourist destinations.  
 

 

Figure 5:    Final plan: cultural landscape. Evaluation of indicators: structures of cultural 
interest, cultural heritage, cinema and cultural tourism and basic demands. 
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ABSTRACT 
“Conservation”, as a word frequently in use colloquially, has several nuances. In its most common 
usage, it is tantamount to “preservation”. However, the term “architectural conservation” invariably 
relates to heritage structures deemed worthy of conservation-restoration intervention because of their 
latent iconic cultural significance. “Renewal”, on its part, extends the frontiers of restoration: while 
putting back what was lost, it accommodates some change in the original, so as to extend the current 
usefulness and general relevance of the heritage structure, i.e. it is synonymous with “adaptive re-use”. 
Even at the level of government intervention, relatively very little is going on in Nigeria in terms of 
heritage-structure conservation. Private (family) concern for architectural renewal of historic property 
is a rarity. Notwithstanding this relative neglect of Nigeria’s heritage architecture, all over the country 
there are many worthy samples of the nation’s building culture, attesting to the rich prospects of their 
conservation and renewal. The ancient city of Ile-Ife is not left out of this tourism (and other) potential 
of heritage architecture. The paper adopts the case-study approach in discussing some experimental 
work in architectural heritage renewal being undertaken in Ile-Ife. Specifically, two buildings, Lowa’s 
House and the Odeyemi Family House, are critiqued, setting out the factors predisposing them to 
socio-cultural and architectural significance, and highlighting the unique features introduced to make 
them contemporarily relevant. It is submitted that, given the transformations that such interventions 
invariably confer (visual, utilitarian and subtly, psycho-social), it may not be far-fetched to expect a 
ripple effect as a fall-out of these experiments. 
Keywords:  architectural renewal in Ile-Ife, Ilojo Bar, Omisore family, adaptive re-use, Lowa, Nigerian 
Brazilian architecture. 

1  INTRODUCTION 
Worldwide, the conservation of monuments and artefacts imbued with historic and other 
socio-cultural significance is commonplace. Even in relatively socio-economically 
disadvantaged parts of the world, the prospect of appreciable economic returns on 
investments in conservation, has justified such efforts. Sadly, Nigeria is yet to adjust policy 
(and other) planning to sincerely reflect this understanding. An unfortunate attestation to this, 
is the 2016 demolition of “Ilojo Bar” (a Brazilian house built in 1855) – despite being 
declared a national monument by the National Commission for Museums and Monuments, 
NCMM, in 1956 [1]. 
     Because of its significance in ethnological issues of the Yoruba (one of the three most 
dominant ethnicities in the country), Ile-Ife has long been on the world-map, with respect to 
archaeological finds and other culture-related issues. Of particular relevance to this discourse, 
is the fact that the ancient city also has a significant array of buildings typifying various 
phases in its physical evolution. Till date, the ancient city has samples of near-pristine 
traditional houses, British colonial buildings, British-facilitated construction (i.e. Brazilian) 
and Post-colonial vernacular building. 
     Apart from the general national apathy (mostly born of a lack of the political will to effect 
the needed change [2]), towns such as Ile-Ife have their own peculiar socio-cultural issues 
constraining investment in architectural conservation. Paramount among these are the 
“greener pastures” syndrome, among young people, and the lack of the funds to engage in it, 
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by the, usually, aged folks left behind in such buildings [3]. This notwithstanding, in the past 
twenty years, the fact of a Department of Architecture being in the foremost University 
domiciled in the town (with Faculty concerned about the constantly perishing relics of the 
material culture of the town), has kick-started some attempts to intervene to arrest such a 
trend. These efforts have affected such buildings as the Olayinka House [4], Ile Oyinbo 
Moore (Ologbenla House I [4] and II [3]), the Alubarika House [4] and, more recently, the 
two buildings to be discussed here. 

2  THE APPROACH 
The case-study approach is adopted, as it is believed to best set out the salient, uniquely 
predisposing issues concerning conservation of the selected heritage buildings. In the 
architectural conservation specialty, the impracticability of attempting to preserve all ancient 
buildings, has long been agreed. As such, criteria have been adopted that restrict and justify 
choice of buildings worthy of conservation. Major among these are historical significance of 
the building, typological significance and exceptional craftsmanship [5]. 
     The two buildings to be critiqued (Lowa’s House and the Odeyemi Family House) typify 
one or more of these parameters. In addition, a common theme characterizes them and the 
initiative to put them up for restoration-renewal: the existence of a key family member, 
culturally exposed, passionate and wealthy enough to see the exercise through. Both 
buildings, till now, constitute a rallying-point for family descendants, in Nigeria and the 
diaspora, strengthening the basis for their renewal.  
     Similarly, interventions on both buildings adopt the “renewal” approach. While 
“architectural conservation” seeks only to ensure the well-being of a building, throughout its 
lifespan, “renewal” (or “adaptive re-use”) goes beyond “restoration” i.e. attempting to put 
back what has been damaged or totally lost (through an initial total absence, or inadequacy, 
of preemptive conservation strategies). This approach ensures that buildings become more 
useful and relevant to the current needs of their owners.  

3  CASE STUDIES 

3.1  Lowa’s (Omisore Family) House, Ogbon Oya 

3.1.1  Historical background 
The Omisore House was the personal residence of High Chief Ajani Anibijuwon Omisore, 
Lowa of Ife. It is situated at Ogbon Oya and is said to be between 120 and 135 years old  
(so was probably built between 1881 and 1896). Lowa Ajani Anibijuwon Omisore himself is 
said to have died in 1941, aged about 100 years old. “Lowa”, in the Ife socio-political 
structure, is the official title given to the highest-ranking “king-maker” (emese). His most 
notable role is to act as regent, on the death of the traditional ruler (Ooni), till another Ooni 
ascends the throne. High Chief Ajani Anibijuwon Omisore became Lowa under  
Ooni Olubuse I and, as regent, crowned two successive Ooni (i.e. Ademiluyi and  
Aderemi, respectively).  
     Typifying Nigerian “Brazilian architecture”, Lowa’s House is characterized by thick cob 
walls, an attic, a two-storey configuration, stucco ornamentation and timber shutters. 
Realizing its socio-cultural iconic symbolism, it is not surprising that the Omisore Dynasty 
wanted Lowa’s House preserved for posterity. The renewal project is being sponsored by 
Architect Tokunbo Omisore (the immediate Past President of the African Union of 
Architects, AUA), and a grandson of Lowa Omisore. 
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3.1.2  Defining characteristics 
Typically, a Brazilian house is multistoried. Each floor is characterized by a large, central 
corridor (“passagio”, in the original Portuguese model), with living spaces flanking it on both 
sides. Utilities are detached, relegated to the back regions of the premises. Also, invariably, 
the topmost floor is an attic. Lowa’s House is atypical in floor layout as, rather than display 
the common double-loaded corridor (popularly locally referred to as “face-me-I-face-you”), 
it has no internal corridors. In this aberration, coupled with being sited in Ife, it is not likely 
to be first-generation “Brazilian”; it can thus be reckoned “Afro-Brazilian”. With a distinct 
attic (overlooking the approach to the premises), carved fascia-boards, decorative portal, 
molded window-embellishment, other mural decorations and casement (wooden-shutter or 
jalousie) windows, this classification does not detract from its stylistic distinctiveness.  
     Some unique features of Lowa’s House include hardwood timber paneling of an enclosed 
veranda running around three sides of the first floor, linked to the ground by an external 
timber flanking staircase (Fig. 1). All masonry-work is of cob, with walls about 300 mm 
thick. This was plastered over with a layer (about 3” thick) of highly-granular cement-mortar 
(Fig. 2). The suspended floor is typical hardwood-timber planks on joists, spaced at about  
75 cm centres, with another (internal) timber staircase linking it to the ground floor. 
Fenestration consists of an array of traditional windows, but mostly timber shutter panels, or 
slatted jalousies. All doors are wooden and paneled; the main ones are carved in ornate 
stylized floral-motif designs. 
 

 

Figure 1:  External staircase, supported by wooden mortar, at interface with plinth. 
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Figure 2:  Deep crack in adobe wall, going into room beyond. Note extra-thick  
plaster-cover. 

     Damaged timber flooring was rampant, with the floor in the attic being merely “symbolic” 
(as much of it was missing). Similarly, the roof was in very bad shape. Despite the fact of 
most of the trusses and other members being still in good condition (since they are of durable 
hardwood), the cladding was dilapidated (especially in the attic) and needing an overhaul. 
     A major needed intervention was with respect to both the southeast and southwest wings 
of the compound. Built of adobe, dilapidation in both wings was very pronounced (with  
the southwest one totally derelict). The magnitude of work to be done in these areas – and 
the extended prospects of going beyond restoration – constituted the major reason for an 
adaptive re-use approach. 

3.1.3  Other features 
The premises contain several tombs of departed family members. The most imposing is the 
mausoleum of the house-owner, High Chief (Lowa) Anibijuwon Omisore. The other two in 
the foreground of the house, are burial vaults of his first and second sons, High Chief Shittu 
Olasoji Omisore and Baale Lawal Ilesanmi Omisore, respectively. Even outside this more 
immediate vicinity, to the forefront and in the flanks, tombs similarly dot the landscape. 
     Lowa Omisore House is iconic for its historical, socio-cultural and political affiliations. 
In addition to its stylistic attributes, it contains some relics worthy of preservation. These 
include furniture (seats, storage paraphernalia and a bedstead) and a customized wall-safe. 
Despite their quantitative insignificance, each is historically symbolic and/or artistically 
interesting. It was also asserted that other treasures exist in family safekeeping. This has 
informed contemplating a “family museum” to put them on display for public viewing.  

3.1.4  The mandate 
This was to restore the structural integrity of the main house. Additionally, worthy relics were 
to be identified, salvaged, and prominently displayed within the house. The dilapidated wings 
were to be recovered and put to new (complementary) uses. Also, part of the Omisore Family 
land abutting Lowa’s House was to be made a burial ground for previously scattered graves 
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to be transferred to. Lastly, the characteristic trado-vernacular aura of Lowa’s House was to 
be preserved. As such, the proposal should not seek to “modernize” the main house.  
     To re-invigorate the premises and generally expand its present functionality, the southwest 
and southeast wings would be re-designed to accommodate conveniences, “curio”/crafts 
shops and an eatery. Car-parking was also proposed, to service the tourism angle being 
infused into the scheme.  
     With the tourism potential, it became mandatory to outline a prospective tourist’s 
experience. A “live museum” is to be mimicked, being considered more interesting than  
the “traditional museum” (where artefacts are merely displayed in designated spaces). The 
proposal is to re-create as much of the former aura of the Lowa’s home-life as possible. 
Treasured household relics will be contextually located. Furniture in the house (and whatever 
can be recalled from family members) will be restored to their former places. In essence, 
there will be no formal gallery; rather, every space, by its furniture, furnishings, utensils, etc., 
will contribute to re-enacting the life and times of High Chief Ajani Anibijuwon Omisore.  
     From the Carpark, access would be gained into the compound, onto a paved piazza with 
concrete seats. On the Ground Floor, the lounges and inner (more private) rooms can be 
toured. At the First Floor, there would be the interesting experience of going around three 
sides of the building, on the covered and enclosed, timber-panelled terrace, outside. It would 
afford an opportunity to view the neighbourhood in three directions. The peak of the tourist’s 
experience above ground-floor level would be the prospect of accessing the Attic. This will 
afford a view of the neighbourhood in the southern direction (different from those enabled 
along the stretch of veranda). Going into the attic, the unusual steepness of the staircase 
leading to the Attic (by modern standards) is maintained; it is intended to heighten the 
tourist’s sense of adventure; Fig. 3. Again at Ground Floor level, the tourist could use  
the conveniences, or visit either the eatery or the Craft Centre; he could also choose to lounge 
on one of the concrete seats, out in the open. Finally, he might stroll into the Burial Grounds, 
on the southwest flank (which would eventually route him, by an alternative gate, out of the 
Omisore House grounds and back to the Carpark). Figs 4 and 5. 
 

   

Figure 3:  The attic staircase (from inside a bedroom). 
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Figure 4:  Proposed site layout (original). 

 

 

Figure 5:  Plan of existing first floor. Note the encircling veranda, and roofs over proposed 
southern wings 

3.1.5  Work undertaken 
Even though the project is not totally over, much of the original mandate has been executed. 
Delays have been mostly occasioned by extended family considerations, some of them 
resulting in changes and actual stoppage of work. One major aspect of the original proposal 
that was sacrificed on the altar of such issues, was the intention to evacuate all tombs to a 
designated Burial Ground (leaving the foreground as a piazza with seats); the proposal was 
met with stiff resistance. Nonetheless, to date, appreciable progress has been made. 
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                                             (a)                                       (b) 

Figure 6:  (a) Before re-creating the missing staircase; and (b) Ongoing replacement. 

     All structural defects (covering masonry-work, timber flooring, walls and staircases) have 
been rectified; even the missing rear staircase has been re-created; Fig. 6. The roof over the 
main house was overhauled, with the corrugated zinc sheets being replaced with  
granular-finished corrugated aluminium sheets. Windows and doors were repaired, as 
necessary. Attic windows were totally replaced (though maintaining the character of the 
previous ones). 
     The overhaul of the two wings of Lowa’s House complex was a major intervention. The 
existing dilapidated structures were demolished, giving way to an eatery and conveniences 
(constituting the southeast wing) and the Crafts Shops (the southwest wing). The toilets were 
fitted out with modern facilities, but “vernacular” surface-wiring electrification was done. 
     Today, Lowa’s House sports an ornamental metal-grille fence, painted walls, door- and 
window-moulding, doors and window shutters. In the spirit of renewal (adapting the property 
for optimum contemporary use), glass-louvered windows were used in the toilets and the 
snacks retail outlet (rather than the original wooden shutters). 

3.2  Odeyemi Family House, Lokore 

3.2.1  Background history 
This interesting building is situated at Lokore. Today, “Lokore” more generally connotes an 
area of the town; however, it is also a traditional title, signifying a role as spiritual head of 
“Odin” – one of the 16 autochthonous groups of Ile-Ife. Traditionally, the Odeyemi family 
was socio-culturally prominent to the point where several of them (even to date) were 
addressed as “oba” (king). They were also renowned for being involved in masquerade 
activities (featuring large masquerades like Owolanke, and smaller ones like Kinduke). 
     It is estimated that the house (a bungalow) was constructed between 1880 and 1900, by 
Logudu, the grandfather of the present custodian (whose father, Martin Odeyemi, was born 
there, in 1909). Chief John Agboola Odeyemi, custodian of the Odeyemi House, was 80 years 
old on April 4 this year; like his father before him, he was born (and grew up) in this house. 
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3.2.2  Existing building conditions 
The Odeyemi House defies stylistic classification. In its general configuration, it can be easily 
dismissed as “traditional”. This is because several features make it typical: generally small 
spaces (often less than 9 m2); no cross-ventilation (or even basic, acceptable standards of 
interior lighting, owing to grossly under-sized windows); and originally no provision for  
in-house conveniences. However, a non-negotiable feature of such rambling, traditional 
buildings – the impluvium-courtyard – is conspicuously missing.  
     At first glance, it seemed the relatively large lobby (into which many of the surrounding 
spaces opened), could have been an impluvium-courtyard, once. However, at the onset of the 
exercise in July 2018, it was already roofed – and had been so for as long as memory served 
(according to Chief Odeyemi, key informant and sponsor of the intervention). Significantly, 
this central concourse was virtually devoid of daylighting; some light from a single Perspex 
sheet integrated into the roof-cladding, and through the front door (left open all day), gave 
weak illumination. As such, it presented a gloomy, unpleasant interior atmosphere. Fig. 7. 
 

   

Figure 7:  Interior views of the lobby, before the intervention. 

3.2.3  Structural appraisal 
All parts of the building still depicting the original work, are of thick adobe walls. However, 
over time, some parts had fallen away – to be selectively replaced by sandcrete blockwork. 
Typical of traditional building construction, many of the walls are out of plum, with several 
visibly undulating in surface configuration (Fig. 8(a)). Only a few structural cracks were 
noticed in the walls; however, much of the timberwork (doors, windows, frames, and 
accessories such as shelves) had become noticeably defective. Again typically, most 
windows were undersized and shuttered. The roof was typically of rough-sawn hardwood; 
however, atypically, it was very shallow in pitch.  

3.2.4  The brief 
As mentioned earlier, the Odeyemi House project was also a renewal mandate. Even though 
repairs were clearly indicated, a main goal of the intervention was to infuse new life into the 
building – to attract visits by the younger family descendants, used to the “perks” of modern 
living. As at the onset of the renewal intervention, only the sponsor’s younger sister and a 
non-paying tenant, occupied the fairly sprawling, 11-room house. The following excerpt 
from an oral interview of Chief John A. Odeyemi, captures the salient issues of the mandate: 
“We want the work to be nicely, but not expensively, done – because it is ‘rehabilitation’ and 
‘modernization’ work; not the construction of a new building entirely, but something that is 
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adequate for now and that will also last. If there are aspects of the building you wish to 
preserve – for example, these windows and doors, as well as the architraves which are done 
well and could be preserved; if there is need for new ceilings, so be it; but it should be  
done in a manner that is not expensive and, at the same time, good enough for me to bring 
my visitors; to say ‘let’s go and have a drink in my grandfather’s house!’ My grandchildren 
and great grandchildren should also be able to come here…” [6]. 

3.2.5  The mandate 
Next to preserving interesting features of the Odeyemi House (e.g. doorframes featuring 
fanlights, historically significant domestic implements and paraphernalia, and artefacts 
related to religious observances), a major target of the exercise was to introduce an “outdoor 
daylight” ambient into the central lobby – without leaving it uncovered. To achieve this, early 
in conceptualization, it was resolved to raise the roof over this part, to service it with 
clerestory windows. Thus, rather than the single roof covering the spaces beneath, a two-roof 
system was to be introduced. This necessarily implied a complete overhaul of the roof. 
     To fulfil the mandate to re-invigorate the building (and still maintain existing family 
relationships), partition walls were to be provided to create non-existent (or not properly 
articulated) in-house conveniences, and better define apartments. A functional kitchen was 
also to be integrated (negating traditional practices, where cooking is done outdoors, in 
ancillary shanty structures). See Fig. 8(b). 
 

   
                                               (a)                                                   (b) 

Figure 8:  Floor plans of Odeyemi House. (a) Existing; and (b) Proposed amendments. 

     Routine repair of defective elements was proposed. In providing natural daylighting of 
interior spaces, it was resolved to overhaul most of the windows (since they were undersized 
or decrepit – or both); also, casement timber-shutters were to be replaced by glass  
louvre-blades. Despite all door-openings being similarly undersized, it was proposed that 
they be left as they were – to perpetuate the traditional concept of needing to stoop to access 
(or exit) living spaces. However, standard sizes were proposed for totally new doors  
and windows. 
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     Complementary to all works to be undertaken, the new-look Odeyemi House should have 
amenities such as piped water and electricity. Even though, at some point, the occupants had 
enjoyed electricity, the house had been disconnected for many years, prior to the project.  

3.2.6  Implementation 
Much of the work undertaken was quite routine. However, overhauling the roof proved more 
challenging than envisaged: structural challenges were duly anticipated – and prepared for; 
however, unforeseen climatic and social constraints surfaced to further complicate issues. 
(The two people who routinely used the building did not seem to understand the requirements 
for their speedy and total evacuation of the building; finally, even though the roof overhaul 
was intentionally planned for the Dry Season, flash rains surprised the exercise!). The new 
roof was made possible by the introduction of 8 reinforced concrete columns to hold it up; 
they had to be cast progressively, in synch with gradual removal of the existing roof structure. 
     The new-look Odeyemi House not only sports a two-roof configuration, it consists of a 
well-lit atrium (Fig. 9), bathrooms with WCs and shower-roses, a kitchen with a worktop and 
sink, a “gallery” (for family relics) and distinct bedrooms all tiled and painted. It was decided 
that, with people trooping in and out at will (and predisposed to running their hands along 
walls!), gloss paint should be used for walls, rather than the more conventional emulsion. 
     The exercise did not cover the rear apartment of the building, even though the two areas 
share a common wall; hence, the renewal intervention literally stopped at the interface. Also, 
a recent addition to the original mandate requested refurbishing of the two graves of family 
members adjacent to the house, to harmonise their appearance. See Fig. 10. 
 

   

Figure 9:  The well-lit, new-look atrium (lobby); work still ongoing. 

 

   

Figure 10:  Ongoing refurbishing of graves of family members. 
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4  GENERAL ISSUES 
Certain issues were common to both projects. From a personal angle, given the fact that both 
schemes related to prominent Ife families (whose residences would normally be somewhat 
“elitist”, even in traditional times), it was an opportunity to implement some ongoing 
experiments in reviving the British colonially facilitated Saro and Brazilian carved  
fascia-board. For Lowa’s House, it was indicated, since the original roof had such fascias; 
some relics of this were found on the premises and, in the spirit of “restoration”, exact replicas 
were crafted (Fig. 11). The Odeyemi House has no such history; however, it has been 
provided, and has succeeded in greatly setting off the new roof configuration (Fig. 12). 
 

   

Figure 11:  (a) Old (discarded); and (b) New fascias – note also, newly crafted attic shutters. 

 

Figure 12:  Fascia boards on Odeyemi House. 
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4.1  Challenges 

A common theme running through the actualization of both mandates, was the peculiar issue 
of extended family interference. Since in traditional Yoruba society, the “nuclear” family is 
something of an aberration, members of the respective extended families, believing they had 
a “right of relationship interest”, frequently sought to interfere, by giving instructions to 
workers on site. With the Omisore project, there was the added complication of not just 
current social and political prominence, but one of sheer extensiveness of the family network; 
this resulted in unnecessary “reviews”, outright cancellation of previously agreed works, and 
mid-stream introduction of fresh mandates. As such, a project that had a 10-week timeline is 
yet to be fully completed. 
     Regarding adaptations of space-use to provide in-house conveniences in Odeyemi House, 
there were anthropometric challenges. In two of the three provided, there was the problem of 
inadequate space (since the building could not be indefinitely extended). Hence, the design 
(to provide WC, shower and wash-hand basin) was not conventional (Fig. 13). 
 

    

Figure 13:    Two bathrooms, showing shower and WC in same enclosure, with wash-hand 
basin adjacent; plumbing works still ongoing. 

4.2  Impact of intervention 

The immediate physical impact of the respective restoration-renewal interventions was to 
infuse a “breath of fresh air” into the neighbourhood. Invariably surrounded by less 
prominent structures, encountering the upgraded houses produces serendipity in the casual 
passer-by. See Figs 14–18. 
     Socially, a semblance of “status repackaging” is currently ongoing in these environments. 
In general, long-term neighbourhood acquaintances are seeing the renewal projects as 
evidence of re-gained (or newly-acquired) social prominence of these families – resulting in 
a sense of awe of them (and possibly envy?). 
     With these interventions, the prospects for neighbourhood upgrade are increasing. Early 
feedback from Chief Odeyemi indicates a possible ripple effect of property upgrade in the 
vicinity, as neighbourhood childhood friends (who are still also alive and have the means) 
are seeing his investment in his birthplace as a challenge to their own sense of responsibility 
to family heritage, and may respond similarly. 
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Figure 14:   Lowa’s (Omisore) House, at inception of project. 

   

Figure 15:   Lowa’s (Omisore) House, close to completion. 

   

Figure 16:  Approach and rear views of Odeyemi House, before the intervention. 

   

Figure 17:  Approach and rear views of Odeyemi House, intervention nearing completion. 
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Figure 18:  View of rear of Odeyemi House, showing clearly where the intervention stopped. 

5  CONCLUSION 
Even though the reality on ground in Nigeria, generally, is that there appears to be little or 
no regard for heritage architecture – succinctly portrayed by no meaningful government effort 
being deployed to its conservation [7] – there seems to be a subtle awakening of awareness 
in Ile-Ife. The criminal negligence being demonstrated by the agencies ostensibly conferred 
with the responsibility for a virile, effective drive to prevent the nation’s heritage structures 
from perishing, is succinctly encapsulated in the tragedy that recently befell the “Ilojo Bar” 
in Lagos (referred to earlier).  
     It is hoped that whatever little efforts private individuals passionate about heritage 
architecture can continue to make in attempting to preserve these icons, will eventually 
cumulate to leave a worthy physical legacy. Ile-Ife is beginning to rally; it can only be 
fervently hoped that the tempo will not only be sustained, but phenomenally increased. 
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ABSTRACT 
The concept of heritage has experienced expanding meanings that link it to history, memories, 
tourism and business products, to name just a few of them. The heritagization process of architectural 
sites enlightened and focused most of the time, on aesthetical, know-how and the memory of the use 
of the site. Therefore, architectural heritage is not necessarily focusing on dynamics of memories 
surrounding it and might be limited to celebrating engineers and architects. In this regard, could it be 
worth referring to colonial architecture in Africa as heritage sites? To what extent could an 
architecture that celebrates former oppressors become a heritage site? What cultural or historical 
significance can colonial built remains convey to the African communities on whose territory they are 
located? This contribution, in light of the topic of heritage architecture and historical aspects, seeks to 
discuss the interaction between colonial memories and the enhancement of colonial built remains as 
historical/cultural heritage. 
Keywords:  colonial architecture, colonial heritage, dissonant heritage. 

1  INTRODUCTION 
The interest in the preservation of the architectural heritage, like the industrial heritage, is 
born from the desire to preserve an expression of the genius of the architect, as well as that 
of the reuse of space. For a long time, studies of cultural heritage enhancement have 
focused on, among other things, artistic objects such as paintings, sculptures, precious 
objects found during archaeological excavations. These objects are thus exhibited in 
museums, limiting culture to a kind of world collection [1]. The successive economic crises 
in Europe have left industrial ruins, including both machines and buildings. These crises 
raised the issue of the preservation of the history and the memories of many industrial sites. 
     In the African context, particularly in Douala, Cameroon, the European colonial 
presence has marked the collective memories through the relations that have developed 
between the so-called indigenous populations and the Europeans, through the social, 
political, economic and cultural changes induced by the colonial presence. The city of 
Douala, thanks to its geographical position, is the epicenter of all colonial enterprises in 
Cameroon, be it the European penetration, resistance movements to colonial occupation, 
struggles for independence. Douala thus constitutes a good summary of the colonial history 
of Cameroon. That colonial history could shortly be summarized as follows: from 1884 to 
1916, German protectorate period, followed in 1916, by the occupation of the allied armies, 
which imposed a form of administration called condominium. From 1919, Cameroon came 
under the Mandate of the League of Nations (SDN), then the United Nations Trusteeship 
from 1945 on. The separate independences of the country began in 1960 with French 
Cameroon and ended in 1961 by the independence of the British Cameroon.  
     The accession to independence was accompanied by a particular concern to the Western 
powers at the time, linked to the preservation of their heritage. The architectural legacy in 
particular raises the problem of urban planning. By introducing a new architectural model 
for the construction of residences and administrative offices, by setting up transportation 
infrastructures such as railways, railway stations and car and locomotive maintenance 
spaces, by creating cutting-edge trading spaces with the open-air markets that were most 
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prevalent in Africa until the 19th century, colonization created, accidentally or not, new 
cities and reinforced pre-colonial cities [2], as Goerg points out: “s’il est évident que la 
colonisation n’importe pas la ville en Afrique, on peut toutefois énoncer que la majorité des 
Africains accèdent à la ville via la ville coloniale et que, dans la dynamique de longue durée 
qui marque le continent, le moment colonial de la ville est un temps fort de l’urbanisation” 
[3]. Yet it is this African city, of colonial footprint that is rejected as the entire colonial 
system. To which extend can the legacy of former oppressor constitutes a heritage for his 
victim? Could it be worth referring to colonial architecture in Africa as heritage sites? What 
cultural or historical significance can colonial built remains convey to the African 
communities on whose territory they are located? 
     Beyond questioning the heritage value of colonial buildings, these questions bring up to 
date the ideas that have led to the implementation of colonial infrastructure projects, 
including urban plans. The reflection, based on historiography, sources of various archives 
and observation, will present the colonial architecture in Douala as an architecture of 
experimentation, an architecture symbol of the power of colonial domination, and an 
architecture with stakes of memories and history.  
 

 

 

Figure 1:  Map of the city of Douala [4]. 

2  AN EXPERIMENTAL ARCHITECTURE 
To understand the value and quality of the colonial buildings in Douala, it is necessary to 
start from the vision and the legal framework surrounding their construction. The 
beginnings of western (German) colonization in Cameroon were made of clear idea and 
vision of their presence. Arrived, thanks to trade agreements, the Germans, until February 
1885, did not consider to settle permanently in Cameroon. Their idea, intertwining the 
racism that prevails in the Germanic literature and philosophy that symbolize in particular 
authors like Hegel, was to exploit the economic resources, to develop the commerce, while 
keeping some distance from the local populations [5]. Some explorers recommended not 
teaching German language to Cameroonians and to interact with them in pidgin, a language 
issued from a misuse of English. In the same way, when the French took possession of the 
colony, their first idea was to erase all traces of the German presence, both intangible and 
physical. Although these positions have significantly shifted, it remains that they have had 
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consequences, especially in the construction of colonial infrastructures. Thus, they lead to 
an experimental architecture on the one hand, and on the other hand, were more 
functionalist rather than aesthetic constructions. 
     Indeed, the architectural expression of the European powers in colonial Cameroon took 
place in an environment as difficult from a technical point of view as it was deliberately 
experimental. The arrival of European colonizers has come up against a major challenge, 
that of the difference in human environments, with an architectural type that does not obey 
western modernity. In Douala, most of the houses had straw roofs, with a rectangular shape. 
Some rare houses were inspired from European architecture thanks to the contacts made 
with British merchants [6]. 
     In addition, the construction of buildings on the model of modernist architecture faced a 
serious challenge of materials. Local people had until then learned the use of the brick only 
thanks to missionaries who first arrived in Douala in the late 1840s. Moreover, the latter did 
not have a well-developed expertise in the field, to back an infrastructure project as desired 
by the Germans as part of their various urban plans. They acquired employees as slaves 
from Togo, with a promise to grant them freedom after some achievements. A revolt within 
the police troops, which resulted in the burning of its seat, led the Germans to abandon the 
track of Togolese employees, who had a better control of certain buildings. Beyond the 
constraints of work force, the transportation of equipment was also another challenge for 
infrastructure projects. Douala was certainly already a port city, but the port did not allow 
docking large boats. In order to control the trade, the Duala chiefs divided the Wouri coast 
in pieces of land under their strict control. The port operated in such a way that merchant 
ships used to parking in the middle of the river and are loaded and unloaded by small 
canoes. This constitutes a real limit to the transport of material types of construction. 
     Taking advantage of these constraints in addition to the absence of a fixed plan of 
urbanization as well as legislation governing the work of architects, the implementation of 
infrastructure projects served as a pretext for experiments, as Eloundou claims: “Les 
architectes et ingénieurs ont souvent travaillé avec une plus grande liberté, dans un contexte 
géographique et administratif où la règlementation était moins stricte” [7]. In most cases, 
architects who have worked in colonial Africa are not renowned architects or engineers. 
Therefore, by the types of colonial buildings, one can estimate that largely, it is an 
architecture of experimentation. Examples prove it in Douala, especially the hospital known 
as European’s hospital. 
     In the particular case of the European’s hospital in Douala, the evolution of the building 
attests of the experimental character of its architecture. Initiated by Dr. Albert Plehn, the 
hospital was built in 1896, with Henri Drees as project manager. This first pavilion, 
comprising 16 rooms in R+1 form, measured 42 m. Building much admired in its time, 
including by the German administrators, a second segment of the same architecture 
reinforced it. After the departure of the Germans, France gives it its current look, adding a 
third building in 1930, still respecting the original architecture [8]. Lack of elements of 
archives do not allow presenting architectural plans of that building. Following pictures 
give nevertheless an idea of the building. 
     The evolution of this building highlights that the architects were more guided by its 
functionality, the need to have a health center rather than to achieve a particular aesthetic 
architectural prowess. It must be remembered that when the Germans arrived in Douala, 
one of the problems they had to face fiercely was health. Some people felt that local people 
did not know the basic rules of hygiene. They believe that this promotes the emergence of 
diseases, to the point of imagining a clear separation of the living environments of 
Europeans and local populations. 
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Figure 2:  First building of the European’s hospital in Douala, 1902 [9]. 

 

Figure 3:  Current views of the European’s hospital. (Source: Author, 18 May 2018.) 
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Figure 4:  German water treatment complex [10]. 

     Such examples of buildings whose utility outweighs the aesthetics or the seductive 
dimension of their design, are multiple across the city of Douala. 
     This complex is built with temporary material, including wood and clay. All indications 
are that the project of its construction did not provide for a definitive implantation. The 
same remark is valid for the building of the Régie des Chemins de fer, which is another 
testimony of the absence of an inspiration or the aesthetic insufficiency of some colonial 
buildings in Douala. Therefore, it seems wrong to summarize the colonial architecture in 
Africa to a modernist architecture. 
 

 

Figure 5:  Building of the Régie des Chemins de fer du Cameroun in the 1930s [11, p. 17]. 
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3  AN ARCHITECTURE SYMBOL OF POWER AND DOMINATION 
The buildings of the colonial administration in Douala are among the most resistant 
vestiges of the time, perhaps because of the continuity of their use for public services, but 
also their architectural quality. In most cases, these are solid and futuristic buildings, built 
in a sharp approach with the bare minimum mentioned above. This is true both in the 
German and French periods. 
     One of the relevant examples of buildings that symbolize the European domination and 
power is the First Government Headquarters, built in 1891. It has an R+1 structure, and 
covered with a sheet metal roof. Some authors argue that this is the period the majority of 
buildings in Douala were made of fair quality material. Germans decided to import modern 
building material from Hamburg as some authors point out: “la majorité du bâti était 
constituée de petites maisons en torchis et toitures végétales comme le montrent les 
photographies anciennes. Soucieux de s’inscrire dans la durée, ils (Germans) élèvent 
pendant la première quinzaine d’années, des édifices en utilisant des matériaux importés de 
Hambourg, bois, briques et ciment, structures métalliques pour le gros œuvre, tôles et tuiles 
pour les toitures” [11]. 
     Beyond the material for its construction, the headquarters of the first government of 
colonial Cameroon symbolizes the power of Germany. Its structure is similar to most of the 
buildings of German royalties in its European and African territories. One of its best short 
description is from Hervé-Brice Nguembou: “L’édifice reposait sur un socle d’un mètre de 
haut, les murs étaient en briques, les planchers en planches ‘Metlasch’ importés. Les 
plafonds étaient en tôle ondulée posée sur des solives métalliques et recouverte d’une 
couche de ciment. Le toit enfin était en bois recouvert de carton bitumé. L’aile principale 
comportait onze pièces”.  
 

 

Figure 6:  Government Headquarters in Douala [12]. 

     Another important building is that of the Head of Douala District’s residence under 
French Mandate and Trusteeship. In the administrative organization of Cameroon under the 
French Mandate, Douala was a Head of District. This induces the existence of offices and 
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residences for the officials. Built in 1930 in the “art deco” style, this building was 
renowned for its beauty: “Le bâtiment se rattache au style ‘art deco’ par ses volumes, sa 
tour d’angle et son ornamentation végétale et géométrique en façade”. Nonetheless, few 
archives exist to afford it with further description, as it is the case for many of the 
buildings.  
 

 

Figure 7:  Douala District Head’s residence [13]. 

     These two examples support the idea that through architecture, Germany and France 
expressed their power in Cameroon. This power is the main source of hard memories 
connected to some buildings.  
     The building of the former German police is one of colonial remains with a rich history, 
with hard and educative side. The police units in fact, inaugurated the military colonial 
presence of Germany in Cameroon. As mentioned above, after the signature of the 
protectorate’s agreements in Douala, Germans hesitated to settle down an administrative 
system, under the control of their central Government. Along with the decision of making 
Cameroon a colony, Von Gravenreuth created the Polizeitruppe Kamerun in 1889. In 1893, 
he reinforced the troop with 370 slaves bought from Dahomey (western Africa). The 
condition for these slaves to acquire their freedom was to achieve five years’ service for the 
benefit of the German colonial master [14]. However, things went wrong with these foreign 
police troops, because of cruel treatments. A mutiny lead to the death of their commander 
and the destruction of their headquarters in Douala. No picture of that first building has yet 
been found. The one currently in use by the Merchant Navy replaced the first ever. It is 
built in bricks, respecting the German royal architecture. Yet for many people in Douala, 
the building remember hard periods of struggle against Germans, beginning with the time 
they decided expropriation. It should be noted that these struggles lead to the sentence to 
death of Duala Manga Bell, a famous king in Douala.  
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Figure 8:  German Police Headquarters in Douala [15]. 

4  CONCLUSIONS 
The colonial built remains in Douala are first and foremost, testimonies of history, 
memorial places. It should be emphasized that in the African context, beyond written 
sources, the restitution of history is relied on oral, iconographic and material evidence 
among others. In the case of the history of Cameroon in general and the city of Douala in 
particular, archives of the German protectorate disappeared during the First World War. 
This explains the lack of information on most of buildings above mentioned. Nevertheless, 
these buildings alone bear important testimonies of the colonial past, but also symbolize 
collective memories. 
     Talking of colonial buildings in Douala, for a good part of the local population up to the 
present days, is referring to difficult times related to the implementation of the German 
urbanization plans, with their corollaries expropriation and conviction. Most of the 
administrative buildings of the colonial era were erected on a coveted space, the mechanism 
of eviction and expropriation. One of the urban plans that created a misunderstanding 
between the German and the Duala people is the 1906 plan, which provided for the creation 
of a European city on the site of the Canton Bell. The latter were forced to retreat from the 
banks of the Wouri, to occupy current neighborhoods of Bonapriso and Bali. In addition, 
the urban plans of the French administration have devoted the essential framework of 
German projects, as well as the emerging quarter of New-Bell, lacking infrastructures and 
rules of settlement. When the Bells decided to oppose the expropriations, the response of 
the German administrators was the death sentence of their leader Duala Manga. Since then, 
the buildings, which sheltered the security forces and the colonial administrations in 
Douala, recall this painful period.  
     In addition, remains of colonial infrastructure and colonial trading companies in Douala 
symbolize the memories of forced labor, lashing, the difficult portage system and 
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exploitation of all kinds that characterize colonial systems in Africa. In general, during the 
German period, forced labor was imposed on all adults, but especially men, with a view to 
the construction of infrastructures, as well as for punishing locals who disrespect colonial 
rules. They required every Cameroonian to submit a work card, on which at least 20 hours 
of service per month should be mentioned by a contractor or construction manager of 
German nationality. Which means that every Cameroonian had to work 20 hours a month 
in the service of Germany. In the absence of such mention, the person implicated is 
punished with torture, including 25 public lashes. Moreover, the workforce has been 
overexploited on various sites. For example, in the construction of the railway, the work 
equipment was essentially manual; the difficulties of transporting large machines that did 
not allow the use of advanced technology on construction sites. 
     To sum up, the colonial built remains in Douala represent stakes of memory and history. 
They are a testimony, tangible traces of the colonial past in Cameroon. They thus represent 
a heritage value that must be separated from the ideological rejection of colonial systems. 
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ABSTRACT 
This paper evaluates how industrial developments during the first three decades of the 20th century 
contributed to the founding and growth of Jinja. During this period Jinja grew to become an important 
inland port on Lake Victoria, a consequence of geography, as well as a multitude of conditions and 
circumstances linked to colonial developmental policies. The paper presents the socio-economic and 
socio-political context of colonial patronage which influenced the spatial developments of Jinja. It, 
however, makes a case that some industrial aspects were in place before Jinja was designated as the 
pre-eminent industrial hub of Uganda. The paper frames historical narratives through developmental 
paradigms. By selecting different lenses to cross-examine the growth of Jinja, the paper highlights 
themes of trade, transport and planning that influenced and shaped the growth of the city. Research for 
this paper draws primarily on historical information, through critical analysis with reference to 
embryonic urban centres in other British controlled territories across sub-Saharan Africa, as a means to 
better situate the conditions that shaped Jinja. The study of Jinja’s history also forms a basis for 
conservation policies and could be an instrument for promoting ideas of development which are 
compatible with Jinja’s genius loci. 
Keywords:  trade, transport, planning, colonial developments, industrial developments, colonial 
patronage. 

1  INTRODUCTION 
A scarcity of raw materials for industries in Britain at the start of the 20th century forced it 
to seek materials from its colonies. As a consequence, in British controlled territories across 
sub-Saharan Africa, urban centres whose primary functions related to extractive industries 
emerged, and included: Jinja in the Uganda Protectorate, Lusaka in Northern Rhodesia 
(Zambia), Nairobi and Port Florence (Kisumu) in British East Africa (Kenya), Port Harcourt 
in Nigeria, Salisbury (Harare) in Southern Rhodesia (Zimbabwe), These centres became 
export–import relay points (transport centres with railway administration at the helm) within 
the context of the colonial economy [1]. Industrial development in these urban centres across 
colonial Africa was described by King and Van Zwanenburg [2] as a process of 
industrialisation that originated out of the growth of Western industrialisation rather than out 
of the process of indigenous savings and knowledge, predicated on the extraction of raw 
materials with the associated infrastructure built to support this activity. As a consequence, 
these urban centres of European creation developed with multiple layers based on ethnicity 
among different issues [3]. The contribution of industrial developments to these centres is an 
important area for exploration as part of a need to appreciate the origins and growth of these 
towns as more than mere historic footnotes in the colonial project. This paper unpacks the 
history of Jinja, located 80 km east of Kampala, seeking to understand how industrial 
developments during the early 20th century contributed to its growth. To understand the 
historical complexities of the built environment, the paper seeks clarity on decisions that led 
to Jinja’s spatial developments alongside economic, social and political context of colonial 
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patronage. Studying these past events should provide a clear understanding of Jinja. We can 
discern different notions and theories of city growth and development in the development of 
these urban centres, more so the relationships that existed between Britain and its colonies. 
The genesis of this relationship is explored in the Section 2 of this paper which also explores 
colonial developmental patterns that contributed to the development of these urban centres. 
Industrial developments did not solely contribute to growth of urban centres, trade impacted 
urban growth at a socio-economic level investigated in Section 3. Jinja’s foundations of 
growth, the main focus of Section 4, addresses Jinja’s industrial roots with a backdrop of 
colonial developments and Jinja’s relationship to urban centres within British East Africa. 
The planning of colonial urban space had correlated general trends between Britain and  
sub-Saharan Africa and so Section 5 discusses the planning principles applied. Section 6  
then connects colonial developments, trade, planning with industry and Jinja’s urban and 
built form. 

2  EMBRYONIC URBAN CENTRES UNDER THE AUSPICES OF  
COLONIAL DEVELOPMENTS 

At the beginning of the 20th century, urban centres within British controlled territories across 
sub-Saharan Africa were inclined towards industrial activities, which were influential in their 
growth and development. The first pattern was associated with transport systems which 
became anchors of trade along which embryonic urban centres emerged [4]. The second 
pattern focused on the exploitation of agricultural produce such as cotton, cocoa, tobacco and 
coffee. Cash crop agriculture became concomitant with trade, commerce and transport 
systems within colonies, epitomised by railways that linked territories which had such raw 
materials with coastal ports [5]. The third category of patterns was political and 
administrative in its entirety, which had the greatest impact on the emerging urban space 
since colonial developmental policies pervaded sectors of the political and economic 
structure. The new industrial urban centres were located away from existing political or 
commercial centres and established trade routes [6], because the existing urban centres were 
oriented towards indigenous complex economic activities with massive amounts of 
commerce and craft activities [7]. Since colonies were geographical extensions of the 
metropolitan state and subordinate to it [8]; urban centres within colonies became nuclei for 
colonial administration and urban development [9]. They received and distributed produce 
from the countryside to the region(s) beyond the colonies and vice versa. 
     The Uganda Railway linked the East African coast with the fertile Lake Victoria basin in 
1901 and on its way, it opened up the fertile highlands of British East Africa (now Kenya) to 
commercial agricultural exploitation. Notable in this regard, is Nairobi founded in 1899 as a 
railway service point along the Uganda Railway line and Port Florence (now Kisumu) which 
was the Uganda Railway’s terminus on Lake Victoria. Nairobi and Port Florence were 
resolute representatives of urban centres that became the administrative strongholds for the 
colonial government (Fig. 1). These centres were defined by: railway administration which 
managed infrastructure related to the railway, and included the marshalling yard, station, staff 
housing; and colonial (provincial) government administration that presided over government 
offices, bazaar, residential areas and the rest of the urban area. This setup represented colonial 
developments infused in institutional frameworks of budding colonial urban centres across 
sub-Saharan Africa at the beginning of the 20th century. 
     Industrial developments’ contribution to founding of urban centres can therefore be 
restated as when the Uganda Railway introduced nodes as railway stations and termini that 
eventually became administrative and commercial centres for the British colonial  
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(a) (b)

Figure 1:    Colonial urban centres. (a) Nairobi in 1903; and (b) Kisumu in 1905. (Source: 
(a) Author; and (b) [14].) 

government. Further, these urban centres presented cases that were rooted within colonial 
developments: the Uganda Railway construction for example brought with it a vast skilled 
workforce from India with 20% staying on as traders or artisans [10]. By the start of World 
War I, the colonial government encouraged migration and settlement of Indians in British 
East Africa with the anticipation that Indians would be used for military service [11], or that 
Indians would take on cotton and coffee farming [11], [12]. Instead majority of the Indians 
took up trade and craftsmanship [13]. 

3  IMPACT OF TRADE ON URBAN GROWTH 
Trade and its inevitable affiliation with transport enticed people away from their traditional 
livelihoods [15], playing a pivotal role in the expansion of urban life. The shift in transport 
from human porterage to road and railway transport [16], [17] shortened the time needed to 
carry bulk commodities between Uganda and the East African coast [18] and in turn aided 
growth of colonial urban centres that were linked to this transport system. The growing Indian 
population took on trade and commercial activities after the Uganda Railway was completed, 
emerging as shopkeepers (dukawallah) [11]. Indian “dukawallah” began business dealings 
with larger established white merchants some of whom were British-based companies. Indian 
“dukawallah” became characteristic features of colonial urban centres across British East 
Africa and Uganda Protectorate [12], partly because the colonial government enforced 
compulsory town dwelling for Indians [13]. An outcome that was attributed to Indians as the 
middleman population between British and indigenous populations and they acted as the 
main outlet for produce from rural communities. Business entrepreneurs who became 
prominent across trading territories of British East Africa and the Uganda Protectorate 
included: Allidina Vishram, Nanjibhai Mehta and Muljibhai Madhvani. They supplied goods 
to “dukawallahs” along the Uganda Railway line [11] and in turn contributed to the vitality 
of colonial urban centres. The Indian trade and commerce influence over colonial urban space 
continued to expand throughout World War I, with the processing sector of the Uganda 
Protectorate eventually dominated by “Indian capital”. Colonial urban centres thus 
supplanted the social functions of caravan camps, attracted local retailers and transregional 
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merchants [19]. They articulated the flow of capital, people, commodities and cultures  
and as they expanded, became major trade instruments of British Empire throughout the 
colonial era [20]. 

4  JINJA’S INDUSTRIAL ORIGINS 
Jinja grew to become the industrial “hub” of the Uganda Protectorate about 50 years after 
Winston Churchill [21] predicted that 
 

“Jinja is destined to become a very important place in the future of Central Africa [...] 
In the years to come the shores of this splendid bay may be crowned with long rows 
of comfortable tropical villas and imposing offices and the gorge of the Nile crowded 
with factories and warehouses” [21]. 

 
     The transformation of Jinja was a gradual process that involved a series of changes in 
Jinja; from a fishing village, to an administrative and commercial centre, and transport hub 
within Eastern Uganda. During the first three decades of the 20th century, the earliest 
industrial aspects of Jinja can be traced at the time when the Uganda Railway reached Kisumu 
in 1901 and when the Busoga Railway was completed in 1912 (Fig. 2). The Busoga Railway, 
was built to serve the region north of Jinja which was endowed with cash crop agriculture 
[22]. Cash crop agriculture was initiated by the colonial government, which encouraged both 
Indians and indigenes to grow cotton and coffee, the main commodities that was transported 
to Jinja along the Busoga Railway [23]. Jinja occupied a strategic lakeside position on the 
transport route to British East Africa via the railhead at Port Florence and had functional 
importance as a node within the East African network of trade and commerce. As industrial 
developments opened up Jinja’s opportunities, political and economic factors played a 
pivotal role in the next burgeoning stage. The urban centre became the principal trading 
centre within the eastern region of Uganda where a number of larger Indian (and to a much 
lesser extent also European) trading firms had located their headquarters. Alongside a fishing 
village, headquarters for the Eastern Province of the Uganda Protectorate was established at 
Jinja in 1906 which made the place an administration for the physical and socio-economic 
spatial (re)ordering. Just as the political and economic developments in British East Africa 
shaped the spatial patterns of Nairobi and Kisumu at the beginning of the 20th century, the 
urban growth of Jinja was in turn influenced by correlated colonial developmental paradigms. 
Upon this foundation, lies the earliest impact of industrial development on Jinja’s growth 
before it was designated the pre-eminent industrial hub of Uganda. 

5  PLANNING CONSIDERATIONS OF COLONIAL URBAN SPACE 
Planning of urban centres in colonial Africa borrowed principles from the trending early 20th 
century planning ideologies of the Garden City movement in England (Fig. 3), and 
segregation doctrines of hygiene. The doctrines were suggested by W.J. Simpson; a medical 
doctor from the London School of Hygiene and Tropical Medicine, and F. Lugard; a colonial 
administrator from 1901 to 1928 in British colonial Africa [3]. Planning from a medical 
perspective, interlaced with racial prejudice, political convenience and economic advantages 
had a dominant influence in shaping colonial urban centres [24]. For example, the immediate 
surrounding area of Nairobi’s railway station became crowded, unhygienic and unhealthy for 
residential purposes [25], and so health related policies dictated that the British population 
be located away from the station. Garden City principles were visible in the planning of 
colonial Lusaka in the 1930s, a railway town in Northern Rhodesia (Zambia), grounded on  
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Figure 2:  Early 20th century railways in East Africa. (Source: Author.) 

 

Figure 3:  General physical planning approach to new railway towns in Africa [3]. 

spacious garden city concepts, with strict controls on the migration of Africans from rural 
areas [26]. Africans whose labour was needed were permitted into the urban area which 
contradicted the garden city concept of social inclusion [27]. Therefore, part of the Garden 
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City concepts were applied to colonial urban centres such as; codification of the density of 
plot sub-divisions and standards of housing construction [28]. Planning became an avenue 
within the colonial ideology whereby a dominance–dependence relationship between the 
coloniser and colonised was manifested [29]. Hence planning concepts of urban space created 
an administrative management system that had evidence of control of inferior races [3], [30]. 

6  INDUSTRIAL INFLUENCE ON JINJA’S URBAN AND BUILT FORM 
The urban form of Jinja consisted of physical patterns and layouts within the Indian bazaar 
areas and British quarters, which determined the shape, size and density of plot sizes within 
the urban zone. This urban form and layout was influenced by factors that included the 
industrial emergence of the Busoga Railway line and the triple heritage interaction based on 
archetypes of British, Indian and Indigenous influences – a concept formulated by Mazrui 
[30] to explain the historical and political development of Africa. The industrial influence on 
the urban layout of Jinja is apparent on a map in Fig. 4 that shows the Nile Crescent road 
parallel to the Busoga Railway line and how it defined the eastern boundary of Jinja’s urban 
area during the early 20th century. 
 

 

Figure 4:  Jinja 1930 [32]. 
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     In order to understand the urban form of Jinja at the start of the 20th century, the words 
of Mumford [31] offer unwavering clarity that “[...] one must take one’s eyes off the 
buildings, then, and look more closely at the citizen” [31]. The “citizens” of Jinja were of 
three categories; the British, the Indians and the indigenes, influencing the urban form at 
different scales. The British, with the administrative responsibility planned Jinja’s layout and 
instilled colonial development policies. Within the British residential zone (Fig. 5) were 
government buildings, collectorate buildings, a post office and British residences for 
administrators and commissioners. This British zone was located uphill from the railway pier 
and dock for administrative and surveillance purposes. Myers [29] makes note of this as a 
spatial strategy of objectifying space through providing points of observation in a study that 
thematically “enframed” and “reframed” African “colonial” urban centres. 
 

 

Figure 5:  Jinja’s urban zones 1917 [33]. 

     Indian and indigenous urban residents were housed north of Boundary Road–Nile Avenue 
(dashed line in Fig. 5). Key spatial developments located in this area entailed: a native 
hospital, clerk’s quarters, Indian residences and a market. The eventual urban zones were 
influenced by colonial planning ideologies that pervaded urban space, complemented by 
racial hierarchy. When racial tensions simmered from about 1906 to 1914, Main Street was 
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the only built up street that traversed the neutral zone (Fig. 5). Stretching about 1.8 km, Main 
Street’s trade activities had substantial contribution not only to the early 20th century Indian 
patrons that played a significant role in building its image but also to the evolution of Jinja 
within socio-economic context. 
     Another influence on Jinja’s urban form can be deduced from Lynch’s [34] hypothesis 
that uncovering the motives behind any settlement gives clues to the connections between 
form values, environmental form and urban history. Jinja’s founding was partly rooted in its 
becoming a relay point in the extraction of cotton and coffee from Busoga region. A 
functioning society, based on Indian dominated trade, had developed within the first three 
decades of the 20th century and was linked to a particular built form that housed 
“dukawallah” traders, a building typology that has come to dominate the urban landscape of 
Uganda over the years. 
     The historic-industrial influence on the urban form can be inferred from; how and when 
various build typologies came into existence [35]. In the first category, typologies that had 
similar functions of housing businesses of the Indian “dukawallah” along Main Street during 
the 1930s. These buildings are shown in Fig. 6 and are currently used as retail spaces. 
     In the other category, the building’s functions changed over time while maintaining the 
urban form. Two examples stand out in this category; The Madhvani building (Fig. 7) and 
the Source Café building (Fig. 8) on Main Street. 
 

 

Figure 6:  Part of Main Street, Jinja. (Source: Author.) 

 
(a) (b)

Figure 7:    Madhvani building. (a) In the 1920s; and (b) In 2016. (Source: (a) [36]; and  
(b) Author.) 
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Figure 8:  The Source Café building 2018. (Source: Jim Joel Nyakana.) 

     The Madhvani building was completed in 1919 and became the head office for Vithaldas 
Haridas and Company in addition to apartments on the upper level. It later became offices 
for Muljibhai Madhvani and Company and in 1947 was the headquarters for two sugar 
factories, eighteen cotton ginneries and a tobacco company. This building attains its 
significance as the cornerstone of the Madhvani business empire – one of the largest private-
sector investor of industry in Uganda today. The latter (Fig. 8) was completed in 1924 and 
housed a bakery, under Indian ownership, then later became a kiosk and bar. This building 
currently houses a restaurant, library, craft store, as well as a prayer space. 

7  REFLECTIONS, HERITAGE VALUE AND CONCLUSION(S) 
To understand the built form of Jinja is to go beyond mere description, to analyse the socio-
political and socio-economic processes by which such built form(s) came into existence. The 
current built form of Jinja includes buildings that belong to different periods: the early 20th 
century, art deco periods of the 1930s, modern period of 1940s to 1960s, late 20th century 
and the recent period from the start of the 21st century. Two periods: the early 20th century 
and Art Deco period of the 1930s coincided with the emergence of railways and their 
associated developments in Jinja and the wider British Empire across sub-Saharan Africa. 
This period marked the beginning of Indian industrial patronage and influence on the urban 
development of Jinja. The significance of a collection of historic buildings within Jinja’s 
urban area can therefore be partly accredited to Indian communities who were involved in 
their establishment. The magnitude of Indian economic dominance is of outstanding merit to 
the birth of Uganda’s economy and is worth emphasising. Historic buildings along Main 
Street and its environs remain as physical evidence of the rise of Indian business enterprise 
in Jinja. When Jinja was designated the pre-eminent industrial hub of Uganda, Main street 
continued its predominance by housing retail outlets and offices for booming industries. 
     With regards to indigenous settlements, there is virtually no information about the built 
forms of the fishing village that existed in Jinja before 1900. The urban centre, before 
commencing the construction of the Busoga Railway in 1911 is reported by Sofer and Sofer 
[18] to have had a relatively low number of 396 indigenes compared with an Indian 
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population of 531. With the majority Indian population and their trade knowledge, Indian 
influence became more visible in the built form. The indigenous population on the other hand 
supplied labour to both European and Indian urbanites in their residences, colonial 
administrative offices and the Indian dukawallah. Integral to this labour supply, was the 
African housing estates for railway employees and the Walukuba African housing estates to 
house thousands of workers and civil servants that would be required for labour during the 
Owen Falls Dam project.  
     As a synopsis of the contribution of industrial activities towards the growth of urban 
centres across sub-Saharan Africa, this paper provided a worthwhile framework from which 
it is feasible to evaluate the industrial developments that aided the growth of Jinja. This paper 
presented an outline of colonial developments under the guise of transport and the impact of 
trade on urban growth seeking to frame the study in its socio-economic and socio-political 
context of colonial patronage. Investigating how these aspects of colonial developments 
played a key role in the growth of colonial urban centres, is therefore of concern and forms 
a basis for conservation policies of urban heritage within Jinja. 
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ABSTRACT 
The paper sets out to investigate the heritage significance of four late 19th and early 20th century 
buildings in Buganda capital of Mengo. The buildings, Keweerimidde House (1890s), Basiima House 
(1902), Chwa Building (1904), and Muteesa I Dormitory (1904), were built during an extraordinarily 
tumultuous period in the history of the Kingdom which no doubt had an impact on the buildings that 
were constructed, and their subsequent use over the years. The exploration is undertaken through an 
approach that combines two exploratory techniques: values and narratives. These are used to investigate 
the many tales that surround these buildings, while reflecting on the socio-political developments of 
the period, which also influenced their commissioning and construction. This led to a better 
understanding of the embedded relationship between the specific buildings and the stories that are often 
neglected in discourse of heritage in the context of Uganda. A key part of the study was the 
documentation of the four buildings, which revealed a further dimension of heritage studies, such as 
cultural changes in Buganda during the period under question. Through this evaluation, the paper seeks 
to contribute to the understanding and appreciation of architecture of this period, while at the same time 
building a documented inventory of these buildings. 
Keywords:  significance, historic buildings, heritage conservation, culture. 

1  INTRODUCTION 
According to [1], buildings are an important part of tangible heritage, and represent an 
unrepeatable stock of the history of a society, serving as educational centres and cognitive 
environments for forming today’s new generation of beliefs, self-confidence, and identity. 
Buildings reflect people’s needs and are the most complete and accurate witnesses to the 
material and social conditions of an age [2]. As such, it is necessary in the construction of a 
narrative of a society to look not only at the buildings, but also the ideas and process of their 
construction, as well as the social and political conditions under which the buildings were 
manifested, acknowledging that buildings can and do have multiple meanings, that can be 
unpacked through an evaluation of their histories, [3] states. This study explores narratives 
associated with key buildings constructed in Buganda Kingdom during the late nineteenth 
and early twentieth centuries. While much attention and effort has been given to the 
UNESCO World Heritage listed, Kasubi Tombs, neglect of buildings that showcase cultural 
change leave out significant elements of the narrative. The buildings in question – 
Keweerimidde House (1890s), Basiima House (1902), Chwa Building (1904) and Muteesa I 
Dormitory (1904) – were commissioned and constructed during a particular tumultuous 
period in the history of Buganda. During this period, religious factions were vying for cultural 
and political patronage from the Kabaka (King of Buganda). At the same time, there was 
cultural intrusion, largely arriving as part of the colonial project, in this case England, 
presented as a modernisation project. The paper provides an overview of the stories 
surrounding the selected buildings seeking to situate them within the socio-cultural and 
political discourse of the time. The goal is to explore the heritage significance of these 
buildings, geared to raising awareness of these buildings as part of the often neglected built 
heritage of Uganda. 
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2  APPROACHES TO HERITAGE CONSERVATION 
Heritage conservation as a discipline is “devoted to preservation of cultural property for the 
future” [4]. Various approaches to heritage conservation have been developed since the birth 
of the discipline, and include: values-based, narrative-based, and living heritage approaches. 
The values-based approach focuses on protecting the significance of a property as determined 
by the values of a society ascribing to it [5], while the narrative-based approach focuses on 
preservation of a property as determined by the stories associated with the property [6]. The 
living heritage approach focuses on maintaining continuity of the original function of the 
property and its connection to the community while considering the evolving tangible 
(material) and intangible (practices and traditions) aspects of a property in response to the 
changing circumstances [7]. All three approaches are still applicable today, although used in 
different contexts, depending on the specific circumstances. For the current study, the living 
heritage approach is the most applicable as it: (i) attempts to balance the use of the heritage 
property (by the community in accordance with its connection to the property) and the 
protection of the property (by conservation professionals) [7]; (ii) embraces change over 
time, thus asserting the relevance of the property to contemporary society [8]; and (iii) 
examines and highlights the narrative and values that underline the significance of a heritage 
property [9]. Following the living heritage approach, the paper explores the heritage value of 
the buildings in question and assesses the condition of their tangible (physical aspects) and 
intangible (practices, traditions and events) expressions. In order to fully appreciate the 
buildings in question, it is necessary to provide a background to the history and context of 
Buganda at the time of their construction. 

3  BUILDINGS OF FOREIGN INFLUENCE WITHIN BUGANDA 
Buganda is one of the autonomous kingdoms of the interlacustrine region of East Africa, to 
the north and west of Lake Victoria. Ruled by a king (Kabaka), the kingdom was, by late 
19th century, the most powerful kingdom in the region, at the centre of which was its capital, 
the Kibuga, where the Kabaka and chiefs resided. Intriguingly, the capital was periodically 
relocated, generally after the coronation of a new Kabaka as a symbol of a new beginning, 
but in some cases during the reign of a Kabaka for security or reasons of hygiene [10]. With 
the arrival of foreign influence during the late 19th century, this all came to an end, with the 
Kibuga making its final move to Mengo in 1884 under the reign of Kabaka Mwanga. As the 
protectorate government settled into the adjacent headquarters of Kampala, the opportunity 
of relocation was extinguished, more so as hilltops desired by the Kabaka for the location of 
their capitals were now in the hands of different groups: the protectorate government and 
different religious institutions. 
     A key mission of the Christian missionaries was their evangelism, for which they needed 
to ensure converts could read the bible. It was therefore imperative that the Baganda (people 
from Buganda) be taught how to read and write. With more and more Baganda embracing 
Christianity, they also began to emulate the missionaries’ lifestyle; in the way they dressed, 
the food they ate, the festivities they engaged in, and in their architectural preferences, more 
so among the ruling class, the wealthy chiefs, who were keen to express and assert their 
engagement with modernity. By the 1890s, many of the leading chiefs had started building 
houses in European style [11], exemplified by Basiima House by (Sir) Apollo Kaggwa, the 
Buganda Katikiro (Prime Minister) at the time, and Keweerimidde House by Ham Mukasa, 
secretary to Apollo Kaggwa. These residential buildings certainly evoked a sense of awe 
among their fellow Baganda. At the same time, school buildings like, Chwa Building and 
Muteesa I Dormitory at Mengo Primary School at Namirembe, Kampala, were commissioned 
and constructed by the missionaries of the Church Missionary Society (CMS). This was to 
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provide learning spaces for students but also acted as platforms where the merits of Christian 
values were espoused. Delving into the history of these four buildings would provide an idea 
of how they constitute a valuable part of the built heritage of Buganda. 

4  THE BUILDINGS 

4.1  Chwa Building and Muteesa I Dormitory 

Chwa Building (Fig. 1) and Muteesa I Dormitory (Fig. 2) were the first “permanent” school 
buildings built for Mengo Primary School in 1904, lauded as the first formal school in 
Uganda. The CMS had established the school at Mengo to teach the sons and daughters of 
the Baganda aristocracy (members of the royal family, and sons of chiefs) how to read and 
write to ensure they could read the bible and related religious literature [12], [13]. Initial 
instruction was given by Miss Chadwick, who, in 1895, set up an informal school in her home 
to teach students how to read and write [14]. A few years later in 1898, a formal school for 
boys was established by Mr. Hattersley, Mengo Boys’ School, where he offered bible classes 
and taught boys how to read and write [14]. Mengo Boys’ School grew into the present-day 
Mengo Primary School. 
 

 

Figure 1:  Chwa Building. (Source: Author, 2018.) 

 

Figure 2:  Muteesa I Dormitory. (Source: Author, 2018.) 
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     The two buildings in question were commissioned and constructed by the CMS, 
borrowing heavily from bungalow typology that had been established in the British Indian 
colony [12]. Both buildings were built using local materials – sun-dried mud and straw brick 
for the walls, palm poles for the roof truss, and thatch for the roof – required a substantial 
Bakopi (peasants) labour force [15], as this mode of construction was largely unknown, and 
required significant attention. 

4.2  Basiima House 

Basiima House (Fig. 3) was the official residence of (Sir) Apollo Kaggwa, the Katikiro of 
Buganda from 1888 to 1925. He was also one of the three Regents to the child Kabaka Daudi 
Chwa II, (between 1897 and 1914). The Basiima House was constructed between 1902 and 
1903, and was a result of the fusion of ideas gathered by Kaggwa during his trip to England 
for the coronation of King Edward VII in 1902 [16]. During his visit, Kaggwa visited 
numerous stately homes in London, many catching his fancy, and leading him to muse that 
it would be possible for his fellow countrymen to reach the same level of development and 
innovation if they were provided with the knowledge and skills to do so. On his return to 
Buganda, Kaggwa built Basiima House to display the ideas he had acquired from his visit. 
The house was built using fired clay brick, and incorporated several ideas derived from 
England, including: chimneys, internal bathrooms, and electric bells [17]. 
 

 

Figure 3:  Basiima House in 2017. (Source: Author, 2017.) 

4.3  Keweerimidde House 

Keweerimidde House (Fig. 4) was the official residence for Ham Mukasa, the Private 
Secretary to Apollo Kaggwa. The house, also in Mengo, was originally constructed in the 
late 1890s using sun-dried mud and straw brick for the walls, palm poles for the roof truss, 
and thatch for the roof. As a Private Secretary to Apollo Kaggwa, Mukasa had travelled to 
England in 1902 to attend the coronation of King Edward VII. He too was struck by the 
homes he had visited during his visit to England, and on his return to Buganda, set about 
remodelling Keweerimidde House to incorporate some of the ideas – internal bathrooms and 
electric bells – he had seen. 
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Figure 4:  Keweerimidde House in 2017. (Source: Author, 2017.) 

5  SIGNIFICANCE OF THE BUILDINGS 
Looking at all four buildings, they could all be characterised by what [18] describe as a 
pragmatic synthesis of western imports and local resources, the most prominent example 
being the “bungalow” which formed the basis for domestic and school architecture of the 
early colonial era in Uganda. The houses were characterised by large verandas on all four 
sides, but built with indigenous building technologies – in this case, sun-dried mud and straw 
brick, with compacted earth or timber floors, ceilings made with timber or papyrus mats, 
window openings with timber shutters and roof covered with thatch [18]. The hybrid nature 
of these buildings, with tier overtly western form, and spatial layout were the first expression 
of Western modernity in building, and demonstrated a cultural and technological 
transformation as the English tried to adapt their buildings to the local materials and 
conditions, while the Baganda aristocrats looked to emulate what had been seen overseas. 
The architecture of these buildings thus provides a glimpse of the first expression of Western 
modernity in Buganda, which influenced many subsequent buildings. 
     The significance of these buildings to the Buganda Kingdom was seen in how they were 
incorporated into the day-to-day activities of the Kibuga, more so for the Chwa Building and 
the Muteesa I Dormitory, which acquired the names of Kabaka Muteesa I and Chwa II. 
Kabaka Daudi Chwa II formally opened the building, planting a Muvule tree (Chlorophora 
exessia) as part of the ceremony, a tree that holds particular significance in the kingdom. The 
link between the kingdom and CMS is embedded in the naming of these two buildings, 
acknowledging Kabaka Muteesa I, grandfather of Daudi Chwa, who invited the CMS to 
Buganda [19]. Kabaka Daudi Chwa II was the reigning Kabaka when the school buildings 
were constructed, and Uganda was declared a British Protectorate. Linked to the royal 
institution Apollo Kaggwa and Ham Mukasa made a significant contribution not only to the 
Buganda Kingdom, but also to the social development of the region. Mukasa was an advocate 
to formal education for all Baganda, and was key in the founding of numerous schools, 
including King’s College Budo, and Gayaza High School. For this reason, he is often referred 
to as a “scholar who never went to school”. 

6  CONCLUSION 
The paper has presented part of the narrative, associated with some early influential buildings 
in Buganda, showcasing some of the social and political developments that led to their 
existence during the late 19th and early 20th centuries. The value of such investigations are 
such that the true value of these and other buildings of this period of immense interaction 
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between different cultures can be brought to the fore, contributing to our appreciation of the 
transformation of architecture at the time. An understanding and appreciation of these 
buildings, and the socio-cultural and political conditions under which the buildings were 
manifested provides a clearer picture of the value of these works of architecture as key 
markers in the development of architecture in the region, and its many and diverse influences. 
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ABSTRACT 
Vitrúvio establishes at DeArchitectura the principles of design and port construction to serve the city 
in nautical, commercial, warlike and architectural terms. Alberti retakes the concept and extends it. As 
far as we know, Lisbon never possessed, during classical antiquity, a port worthy of that name, as 
Vitruvius described. The justification for the absence of a port´s structures can be due an exceptional 
characteristic as the natural anchorage – ships are protected in Tagus even in stormy days, away from 
the sea. Here only the tides have effect, by the minor winds and curling/ripples, not obliging thus to the 
design/construction of the port as it happens in other maritime cities. The Tagus is a pleasant  
cove – “Olisipo”, interior sea. Francisco de Hollanda planned the city in accordance to the river, 
assuming it as an essential raw material of the locus. The image of the city is strongly linked to the 
aquatic environment. Tagus’s importance to the city is reinforced by Frei Nicolau de Oliveira in  
the “Lisbon Book of Greatness” – a strategy relocating peninsula´s capital to Lisbon; citing the Emperor 
Charles V: “If I had been King of Lisbon, quickly I would be of the world”. Following the words of 
King Charles V (I of Spain), King Philip II promoted works in view of Tagus’ navigability, intending 
to link Madrid to the Atlantic. It was up to the architect Carlos Mardel, the delineation of the desires of 
the Portuguese monarch, King D. João V, to create the “Atlantic-Rome”. The new plan, for the riverside 
front of Lisbon, redesigned the land-water frontier, suggesting a modern image and new port 
infrastructures. It was interrupted abruptly by the earthquake in November 1, 1755, and it erased, from 
the urban history of Lisbon what would be the largest pre-industrial plan for the city – one of the greatest 
for Europe at the time. 
Keywords: Lisbon, Carlos Mardel, preindustrial plan, pre-earthquake plan of 1755, riverfront 
architectures, maritime city planning, water city design. 

1  INTRODUCTION 
The intention of this study is to evaluate the ways of appropriation of the Lisbon riverfront, 
between Praça do Comércio and Praça de Santos, and Alcântara. Its preindustrial 
development and its post-earthquake influence. 
     The aim is to highlight the importance of the intangible heritage (written, drawn, in the 
field of the project and its practice), the way of thinking and designing preindustrial city, as 
the basis and source of inspiration of the current built heritage. As immaterial pieces of this 
city architecture are the ancestral plans, the theory and practice of the project at the time, and 
the possible reflections of these delineations and ideas in the current buildings. 
     The aptitude of the city, its locus, its Genius Locci, will probably be established in the 
city's first major urban design (Carlos Mardel project) combined with the wishes of King D. 
João V (the Portuguese “Sun King”) to the “New Rome of the West”. This is a new city 
project, including changing the center of political power to the west, a truly architectural  
city project. 
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     However, thrown to the deepest corners of the city’s memory, have or not been 
incorporated in the city some assumptions from that plan? Will they still exist today, some 
of the aspects of its design that may have been (explicitly and implicitly) used during post-
earthquake reconstruction? 
     Based on the analysis of the relationship between the pre earthquake plans (not 
implemented, in concrete terms), the riverfront, and the built heritage, we intend to verify the 
extent to which the former have a relationship with the present. If so, to what extent, by what 
metrics and assumptions they have been materialize in the current architecture (ex.: Baixa 
Pombalina). These pieces of design acquire the patrimonial and historical value of the city 
itself, since this is its territorial support of project. As such, they will be references of 
memories and various stimuli. To analyze and evaluate them, from the point of view of the 
planning of the riverside city (the waterfront of Lisbon) is the aim of this study.  

2  THE TRATADISTICS AND THE DESIGN OF THE CITY OF WATER 
Through its main treatise (Marcus Vitruvius Polio), the classical antiquity transmitted the 
premises that should emerge for the design of the port city – outlined in conjunction with  
the design of the port. Based on the definitions of Vitruvius, there is no indication that a port 
structure (maritime port) has been built in Lisbon to set out the design and architecture of  
the city.  
     However, there are reports of structures, whose exact size is unknown, as well as its 
characteristics, specific functions, and urban environment. These have been found at different 
moments in the history of Lisbon, which indicates that [1] “This huge tidal creek (…) had 
already been one in Roman times. It is said that in 1571, when the foundations were laid 
down for a new dormitory in S. Domingos, the remains of a dog with excellent stonework 
and bronze hoops for mooring the vessels were found there, just like the Romans used them.” 
     According to “Carlos Antero Ferreira, in 1541 Pedro Nunes (1502–1578) should translate 
the difficult De Architecture de Vitruvio into Portuguese, as revealed in the introduction of 
his ‘Tratado dos Crepúsculos’ (‘Twilight Treaty’)” [2]. However, without implementing 
changes in the building assumptions of the riverside either at the height of the building or in 
terms of the maritime port infrastructure – as far as is known. Although in the 16th century 
there were already times of effective overseas maritime activity in Portugal, once intense 
trade developed by sea, port structures would be crucial for a city with this type of location 
and maritime dynamics. On the other hand, the awarding of the classification as “Roman 
anchorage” [3] excludes the existence of large port structures, at least in the broadest sense 
of the concept established by Vitruvius and taken up by Alberti. 
     The very Lisbon toponym of the classical period (probably of Phoenician origin  
“Alis-Ubbo”, which designates it as a “pleasant cove”, a toponym adapted by the Romans to 
“Olissipum” and / or “Olisippo”), points to this physiographic characteristic since ancient 
times. This fact supports what is known to us from descriptions and engravings dated back 
to the 16th century. The banks of the city (the banks of the river – the riverside), with its 
small tidal variations, provided natural conditions for the picking up of goods. This change 
in the water levels was easier to control through navigation and allowed a constant use of the 
river by means of beaching. 
     For all these reasons, Lisbon had such exceptional characteristics as an anchorage, the 
“soft cove”, and hence the creation of heavy port structures was “waived”: “the port material 
traces, that is constructions such as wharfs, docks, constructed boating ramps (…) may 
actually never have existed in places with port functions” [4]. Thus, due to the natural 
aptitude of the locus, one may conclude that these infrastructures did not existed or  
were unknown. 
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     This apparent lack even led some national and foreign authors and descriptors to make 
less favourable accounts of the characteristics and conditions of the city’s waterfront not only 
at that time but also in subsequent centuries. Francisco de Holanda (1518–1584; originally 
“Francisco d´Olanda”) in his work entitled “Da Fábrica que falece à cidade de Lysboa” [5] 
(“From the dying Factory to the city of Lisbon” – that is, from the buildings that Lisbon lacks 
and needs) points out the various needs with a clear mention to maritime issues – Fig. 1. 
Coming from Rome, the author carries with him the first major references to the eternal city 
and his attempt at semblance to Lisbon. The connection to the river, water and waters is based 
on the first assumption of the design of the city. 

 

 

Figure 1:  Lisbon by Francisco de Holanda [6]. 

     António Ribeiro Sanches (1699–1783) in his “Tratado da Conservação da Saúde dos 
Povos” (“Treaty on the Conservation of Peoples Health”) sets out the best characteristics of 
the city’s location. He makes a relevant reference to the proximity and connection the city 
may have to the sea and the river, taking advantage of these. It recognises that “All known 
nations always seek the river banks to found settlements: they earn their livelihood from 
them; they save through hard work and a lot of fatigue during sailing: they lead to the fertility 
of the land; and it is certain that if they knew how to take advantage of such places Nature so 
generously offers them, they would turn their dwellings and their life into something 
delicious (…)” [7]. Supported by the treatise, he mentions that “According to cited Baptista 
Alberti, a town or village should not be found so close to the sea, so that the least damage 
may be received from it… The same caution should be given when the founding of villages 
near large rivers, lakes or large tanks is needed” [7]. 
     Ever since the treatise, the riverside locus close to the sea but not beside it seems to be a 
special advantage. The proximity of the water element as a source of supply (good water 
from springs and streams), navigability, anchorage, combined with an elevated area for 
defence and protection are excellent physiographic elements that greatly value the locus. 
Lisbon brings together several of these key advantages. The city will remain intrinsically 
linked to its locus – Fig. 2. 
     The importance of the River Tagus as a means of fluvial and maritime connection extends 
far beyond the city limits and the limits of the national territory. The various ports of the 
River Tagus and its subsequent attempt to connect them to Madrid prove their importance in 
the territory of the Iberian Peninsula. This aspect is reinforced by Frei Nicolau de Oliveira 
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(1566–1634) in his “Livro das Grandezas de Lisboa” (“Book of the Greatness of Lisbon”) 
(1620) in which, in a strategy of relocating the capital of the peninsula to Lisbon, under 
Filipino’s rule, and addressing King Filipe I from Portugal, he says: “This is how Emperador 
Carlos V, your grandfather, understood this (when he saw the help Portugal gave him in the 
capture of Tunez) that said: had I been King of Lisbon, in no time would I have been ruling 
the whole world” [8]. 
 

 

Figure 2:  Lisbon in the Civitates orbis terrarum, Vol. 1, Cologne, 1572 – 1617, by Georg 
Braun; the drawing may be from the reign of King D. Manuel (1495–1521). 

     Appealing the union of the two Iberian kingdoms Manoel Severim de Faria (1584–1655) 
states that “for the conservation and increase of the Monarchy of Spain it will be important 
to assist His Majesty with his Court in Lisbon” [9]. In this speech he lists a number of reasons 
such as the size of the city, the purity of the air, the excellence of the “most capable and safer 
port all over Europe’, the shipyards ‘which become enormous galleons in it, and the ships 
from India which are the largest vessels sailing the sea nowadays.” 
     Following the same reasoning, Luiz Menezes de Vasconcellos (1542–1623) mentioned 
the high availability of the materials for the construction of vessels, so that the Iberian 
monarch's court could establish themselves in Lisbon: “the city of Lisbon is most suitable for 
the things related to the sea (…) than any other, and which it will have abundantly in it (…), 
and El-Rei the best recreations that one can wish for… this city is the worthiest of all, from 
your assistance” [10]. 
     Although throughout its history Lisbon did not have heavy port infrastructures that 
directly implied the design of the city, it did not draw itself (as a city) from the water. 
However, the relation between the city of water and its architectures will constantly live from 
this connection, since the “dialogue between landscape, architecture and water is one of the 
main poetic visions and interventions between nature and architectural artefacts that 
intentionally linked with water can obtain real and imagined meanings” [11]. 

3  ARCHITECTURE AND MODERNITY OF THE RIVERFRONT 
Moment by moment the architecture of the city settled in the navy territory. However, to the 
best of our knowledge, a plan for the city from its maritime needs – or that would combine 
such valences – was never drawn up. Until the very first time in which a strategy for the river 
front has been defined, the works were developed occasionally without a joint or 
comprehensive unit, and without predefined delineation that comprised the connection of the 
city to the water as a whole. 
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     The initiative to develop the first project worthy of the name was attributed by Adolpho 
Loureiro (1836–1911) to the Portuguese King D. João V (1689–1750). For the port of Lisbon, 
he [12] even points out that “(…) they should make it an unrivalled port in the world. So 
good would it be that maybe one would think that art could never have done better than nature 
had already done. Thus, everything was limited to small works restricted to one point or 
another, without subordination to a carefully assessed general plan. The time had come when 
ships crammed with gold, spices, and all that the East and West Indies could give us entered 
our bar, and the higher the treasury yielded, the greater the fever was to spend all that gold 
in monumental and ostentatious works. It is not surprising then that D. João V was given the 
first general and methodical project for the improvement of the port of Lisbon.” 
     Its reign pointed to cultural and historical aspects with a special historical and cultural 
value, “The Portuguese eighteenth century was not badly herald from the point of view of 
knowledge and preservation of antiquity: under the advice of the Royal Academy of History, 
on 20 August 1721 D. João V signed a charter banning the destruction of buildings, statues 
and marbles or signs of ‘Phoenicians, Greeks, Persians, Romans, Goths and Arabs’” [13]. 
     The Portuguese “King Sun” known as “Magnanimous” was a lover of the arts and culture, 
and apart from defining a strategy for the Holy Church he had a special appreciation for 
Rome. Aspects of varied order, such as artistic, historical, religious, made the ancient empire 
capital a constant source of inspiration and knowledge. The Portuguese monarch’s 
fascination with the eternal city was evident and he even had idealised to make Lisbon the 
new Rome of the West – the Atlantic Rome. Such a company lacked a well-defined and 
thought-out plan. Under these assumptions, Lisbon’s connection with the river and the sea 
was an advantage.  
     The first major plan for Lisbon was defined from the water. It established itself by 
connecting the city to the river and sought to regulate its riverfront through drawing. Outlined 
by the Hungarian Military Engineer and Architect Carlos Mardel (1695–1763), who served 
in the Portuguese Army as an architect of the royal palace, it actually received the royal seal 
due to its size and proposal. 
     The future occupation of Lisbon’s riverside – a linear outline of a new city front – which 
sets out something totally new: the inclusion of water in the dialogue with the commercial, 
military, and playful dynamics (through the design of a new and hitherto non-existent 
‘riverside public walk’) – will be made, as one might expect, with a social class that would 
be placed on an equal footing with the political, mercantile, and statutory powers that were 
in the first line of the city (the centre of power and commercial trade). The King himself had 
also planned the transference of the royal area to the Western part of the kingdom’s capital: 
“Outside the city boundaries, but on the same side of the river and closer to the sea, 
Bethlehem was transformed into a recreational resort for the court. Between 1726 and 1729 
the king bought six farms near the Jerónimos Monastery, which he combined into a single 
estate. Some courtiers followed his example and erected houses on the river fronts and 
surroundings (…). The Belém area has quickly became a true palatine river front” [14]. 
     This fact, combined with the existence of such a plan for the city’s “new riverfront”, 
allows us to foresee various premises and assumptions that would make Lisbon a “new” city 
in the light of the modernism of that time and its worldwide projection. 
     The plan laid down a new urban line in front of the most densely populated area of the 
city, and it only defined the walking and garden area where the manor estates were  
already settled. Here the new bourgeoisie should establish its relationship with power and the 
new urban plan by means of a natural and effective monumentally of social and  
economic affirmation. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  89

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



     Eng. Adolpho Loureiro [15] describes that “Carlos Mardel’s project consisted of a pier 
stretching from a point upstream of the customs, along a straight line to the ‘Ribeira das 
Naus’, leaving two large protruding dogs for landing, with stairs – one opposite the Customs 
and the ‘Jardim do Tabaco’, and another opposite the ‘Paço Real’. It continued in two straight 
alignments and ended up in the front of Esperança Square (Santos). It set out an avenue along 
it with new dwellings, creating a large square with a parochial church, which would be on 
the ground nowadays occupied by the Santos garden to ‘Avenida D. Carlos’, and with a 
monumental fountain in the centre. It would have an embankment in the middle that 
overlooked the river, with stairs, along with other small flights of stairs all along it. Before 
arriving at that new square there was a dock naturally intended for river boats with 
communication to the Tagus. The dog continued in straight lines with exterior stairs, 
accompanied by the same tree-lined avenue and with a side strip of land for buildings. After 
the folding of the ‘Rock of the Count of Óbidos’, a channel was to be found a little lower, 
which left to the side of the S., isolated from land, the new naval arsenal”. Thus, the “first 
drawing stones” of the new Lisbon were launched, designed and projected from water for the 
first time in its history – Fig. 3 (i, ii, iii – the scan has divided the original into 3 sections). 
     This is the only pre-earthquake known Plan with Carlos Mardel’s signature for the Lisbon 
riverfront (Lisbon city waterline – right bank of the Tagus River). According to Walter Rossa 
its dated from [16] “1733”. Known as “Caes Novo Explanation, from the Belém marginal 
zone to the Santarém Quay”.  
 

 

Figure 3:  Carlos Mardel’s Plan, dated 1733, dimensions: mm x 563 mm. Territorial 
references: (a) Jerónimos Monastery; and (b) Royal Palace. 

     Until the present, no text or description of the plan is known. Apart from the author’s 
signature, there is only a brief explanation. In this short text, some functional aspects of the 
plan are revealed – Fig. 4, by the legend’s explanation: (left) “a: Streets to communicate with 
the wharves”, “b: Channel between the streets for the river communicate with its doors”,  
“c: Houses that can be built upon the new moorage”; (right) “Place where can be manufacture 
a river wharf for ships with all its dependencies” and, under the boulevard area, “Wharf  
with stairs”. 
 

 

Figure 4:  Two excerpts from Fig. 3. Captions of Carlos Mardel’s Plan for the  
Lisbon Riverfront. 
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     The major importance of this riverfront project is that it is established as the largest known 
foreground, in extension, to the city of Lisbon. The outstanding aspects of this project alone 
act as elements of exceptional proposal for the city. A second built riverfront is created, in 
addition to the existing one, and the old riverside area is maintained between these, allowing 
water to enter through channels connecting the river to the projected interior jetties. Crowning 
the entire new waterfront, a tree-lined boulevard is established, a riverside promenade for the 
season, a green line by the waterfront – Fig. 5. 
 
 

 

Figure 5:  Excerpt from Fig. 3. 

     As mentioned, in the red rectangles most examples where the river connects to the city 
through waterways (blue arrows) are enlarged – the channels that Mardel sets out and defines, 
with the letter ‘B’ being a “Channel between the streets for the communication between  
the river and its doors”. The plan maintains the dynamics of the ancestral city with the  
river – the “sea/river gates” (the main connections, goods and people) that established their 
life with the maritime, river, fishing etc., and that were linked to the “old urban hull”,  
are respected. 
     In addition to the strictly functional aspects, the potentiality of the locus, taken up, and 
laid down through the project, its design and its purpose, should be highlighted. The proposal 
thus provides for an effective dialogue between the city and the river. A first class “advanced” 
building is established, but it does not completely annul the water connection and the inherent 
activities. There is a concern to maintain them with the use of inland jetties and water 
passages – Fig. 6.  
     The regulation of the margin is one of the solutions to secular claims, which constantly 
lamented the poor conditions of landing, linking and docking with Lisbon. Transverses and 
transshipments (loads and discharges) were assumed to be inevitable. It is even an 
intermediate dynamic between cargo ships and the river, having its own people and vessels 
for this purpose. 
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Figure 6:  Enlarged excerpt from Fig. 3 – detail of the “big interior dike” area and two 
adjacent dikes. 

     In addition to the unique plan with the signature of Carlos Mardel, there is a “second 
version” – Fig. 7, referred to as “more advanced”, given its characteristics, details, and 
various specifications that are added to the “initial plan”. Squares where docks were foreseen 
arise, and the blocks defined linearly along the water line (only interrupted in the waterways) 
are subdivided into several modules, rectangular in shape and geometry, with dimensions 
very close to what would become the Baixa Pombalina. 
 

 

Figure 7:  Carlos Mardel´s Plan forward of Lisbon; version identified by Adolpho Loureiro 
[17] and corroborated by several authors. Legend: (a) Belém Tower; (b) Jerónimos 
Monastery; (c) new Belém pier; (d) tree-lined boulevard; (e) new ship docks; (f) 
new built nucleus; (g) new riverfront, adjoining waterfront buildings; (h) new 
square in “Boa Vista”; (i) wharf and interior dike; (j) docks; and (k) “Terreiro do 
Paço” (pre-earthquake). 

     The riverfront design is improved in the 2nd version of the plan and elements with greater 
definition and detail are introduced. From the combination of two jetties a large square (letter 
h) emerges – with a larger width than the Terreiro do Paço and the later Praça do Comércio 
(Pombalina Imperial Square). In the Alcântara area, already in the middle of Western Lisbon 
(where the capital would grow), the proposal for the design of the new navy pier and two 
interior squares was materialised. 
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4  THE ARCHITECTURES OF THE WATERFRONT 
After the outlining of the new strategy for the modernisation of the maritime city to Lisbon, 
what image would the new river front have? A Baroque, Mannerism or Classicizing 
component? Or perhaps a “modernisation and updating” of the “Portuguese Chã  
architecture” [18]? 
     What remains of Mardel and king D. João V’s plan for Lisbon’s seafront? Two examples 
as the new squares, the first moment in Boa Vista (abandoned after the 1755 earthquake) and 
the second moment with Praça do Comércio (a solution for the area of political and economic 
power of reconstruction). Is it also possible to see it in the metrics, dimensions, framings, 
proportions, constructive systems, aesthetic languages and other elements, languages, and 
tracings that transited? Fig. 8, of epoch overlap is quite illustrative. 
 

 

Figure 8:  Subtitles/strokes – white/gray/blue: present; yellow: medieval road; orange: pre 
and post Pombaline traces; green: trace of the Baixa Pombalina after the 
earthquake; red: trace of Mardel’s plan prior to the 1755 earthquake; (a) Belém 
Tower; (b) Jerónimos Monastery; Blue rectangles: Figs 9 and 10. 

     In the response to the order the language of the drawing suggests the pragmatism imposed 
by C. Mardel. As someone with recognised professional characteristics as an architect and 
an engineer, this allowed him to develop, through his school and training as a career military 
man, on the premises of the new Enlightenment winds, the relationship of the new Lisbon 
with its river – with the enormous “Sea Avenue” where one arrives and leaves from and  
to overseas. 
     The great Palatine Rome of the Atlantic was beginning to be shaped by the monarch’s 
will and the architect’s trait – with recognized valences for the connection between 
architecture and water – “In a letter attached to one of the copies of the Lisbon survey by 
Manuel da Maia, a high court official wrote that actually it would be very convenient to do 
in Lisbon what Emperor Diocletian had done in Rome ‘with the applause of all’. As is well 
known, Diocletian (81–95) was primarily responsible for the main structuring of the Palatine 
housing complex. (…). In the context of a general emulation of Rome, these evocations of 
the Roman Empire were usual in the court of King John V. In a way, the reference to the 
Palatine is of the utmost importance to this text, as it is an unmistakable testimony of  
the intensions of the monarch for Lisbon. In short, this was the political and ideological 
context of D. João V's attempt at the urban reform of Lisbon: the fantasy of a ‘new  
Rome” [19]. The river waterfront would extend its referential power (political, economic, 
religious, and the new image) to the whole West Tagus front – Figs 9 and 10. Those were the 
mains guides for the new Lisbon before King John V’s disease, and before the earthquake 
that would destroy most of the city central area (the actual city centre). 
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Figure 9:  Detail from Fig. 8 – left rectangle, Mardel’s Plan and the present. 

 

 

Figure 10:  Detail from Fig. 8 – right rectangle, Mardel’s Plan and the present. 

     After the earthquake, plans for the development of the city to the West were not 
immediately abandoned (even after the death of King John V). It was considered whether or 
not to continue developing it by the river. As José-Augusto França [20] points out “a proposal 
was made to leave the city in ruins, letting the owners do whatever they wished of her, and 
to build a new Lisbon to the West of the old city, on lands near the Tagus that were spared 
by the great earthquake. That was the most spoken idea, in order to protect the capital, once 
and for all, from similar disasters.” So far there is no document drawn with these premises. 
Thus, the only known plan of this nature, with a planning for the Western zone, is the 1st and 
2nd versions of Mardel’s plan. The similarities of strokes, block delineations, street widths, 
among other elements of geometry / design, allow us to observe the semblance between these 
elements. Combined with the architectural components, the results of the post-earthquake 
programs have project reflexes, very similar to those defined by Mardel’s plan. 
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     As for the new front built for the Tagus Bank, as far as we can determine, the Zenonian 
Laws of the Tagus view were not respected in the Mardel’s plan, since the built front would 
prevent it, almost completely, depending on the elevation of the proposed buildings, parallel 
to the coastline. This apparent absence of guarantees by the Zenonian Laws of the Tagus was 
repeated during the plans for the reconstruction of Lisbon. Largely because of the new 
hygiene, public health and fire protection requirements.  
     From his work, political relations with the greatest Portuguese figures of that time, and 
regarding the time he spent in the country, we assume that the Hungarian architect would 
have thoroughly understood the Portuguese question, as it is reflected in his architecture due 
to the vicissitudes of time and of preference. These were the key aspects that allowed him to 
leave an effective mark on the national architectural scene, which still remains. Endowed 
with great professional rigor, he also demonstrated valences in different types of scale and 
work. The architect is associated with a spirit and a “Borrominesque technique” [21], which 
reveals a “solid” architecture, most surely from its German influences. Nonetheless, he gave 
it its own elegance, from which one can hardly identify influences within the European scene 
of that time. 

5  CONCLUSIONS 
The main issue is the assumption that, a priori, Carlos Mardel’s Plan for the urban front of 
Lisbon is the first and last major preindustrial proposal based on the inclusion of the locus 
(genius-locci) of maritime aptitude, which had implicit a design, a city architecture. Based 
on its natural aptitude, it would materialize in an identity and character architecture, 
essentially of maritime nature. A water architecture, a riverside architecture, a  
“Luso Urbmarism”. 
     Based on the assumptions identified, it is considered that Mardel’s plan responds to a 
modern vision for the territory. Therefore, a project of expansion of the city through one new 
monumentality gets established. Bringing habitational functions to this waterfront in such an 
affirmative manner, defining a new way of designing the city – by the river – would  
imply, such a gesture and such constructions, to be marked with some, even if simple  
architectural decorum. 
     This supposed building (“the houses that can be built”) within an eventual language that 
moves, between the Portuguese Chã architecture (plain architecture) and the depurated 
neoclassicism, would have on it the propensity for the decorative component. In addition to 
the monumentally there would also be the need to affirm the new city front, articulating the 
nautical and maritime component with a riverside scenery, through the planned wooded 
boulevard. However, while Carlos Mardel is recognized for his ability to handle different 
languages, his concern for the superfluous is not to be forgotten, and to come from a  
military-based author, as an engineer, in the service of the army. 
     At the heart of this assumption, it is noteworthy that the Engineer and Architect Carlos 
Mardel worked on the recovery of Lisbon after the earthquake, and that, among other 
projects, he was one of the team members who developed the winning proposal for the Lisbon 
Plan of Baixa Pombalina. This professional relationship allows us to point to the proximity 
of the Baixa image with the new proposals for the riverfront contemplated in its initial plan. 

REFERENCES 
[1] Loureiro, A., Os portos marítimos de Portugal e ilhas adjacentes – Volume III, Parte 

I, Imprensa Nacional: Lisboa, p. 143, 1907. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  95

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



[2] Ferreira, C.A. & Ayres, M., Tratadista do problema de Architectura civil no séc. XVIII 
Português, Separata da Revista e Boletim da Academia Nacional de Belas Artes, 3ª 
Série No. 7, Lisboa, pp. 19, 1987. 

[3] Losada, R., Fundeadouro Romano em Olisipo, Documentário, [Consult.] 
https://documentariofundeadouroromano.wordpress.com/tag/porto-romano-de-
lisboa/. Accessed on: 12 Aug. 2019. 

[4] Bolt, M.L. & Pinheiro, B.H., Os portos na origem dos centros urbanos - Contributo 
para a arqueologia das cidades marítimas e flúvio-marítimas em Portugal, Instituto 
Português de Arqueologia: Lisboa, p. 22, 2003. 

[5] De Holanda, F., Da Fábrica que falece à cidade de Lisboa, Coord. José da Felicidade 
Alves, Livros Horizonte: Lisboa, 1984. 

[6] De Holanda, F., Da fabrica que falece à cidade de Lisboa, 1571, Imagem: Faculdade 
de Arquitectura e Urbanismo de S. Paulo. http://lisboa-e-o-tejo.blogspot.com/2016/05/ 
iconografia-de-lisboa-1-parte.html. Accessed on: 12 Aug. 2019. 

[7] Sanches, A.R., Tratado da Conservação da Saúde dos Povos, Universidade da Beira 
Interior: Covilhã, pp. 20–21, 2003. 

[8] De Oliveira, F.N., Livro das grandezas de Lisboa, Impressão Régia: Lisboa, 1804. 
[9] Faria, M.S., apud Sérgio, António, Antologia dos economistas portugueses (século 

XVII), Livraria Sá da Costa Editora: Lisboa, pp. 174, 1974. 
[10] Vasconcellos, L.M., Do Sitio de Lisboa Sua Grandeza, Povoação e Comércio; 

Diálogos, Imprensa Régia: Lisboa, 1786. 
[11] Gaspar, J., Os portos fluviais do Tejo, separata da revista Finisterra, Revista 

Portuguesa de Geografia, Vol. V – 10, Centro de Estudos Geográficos: Lisboa, 1970. 
[12] Loureiro, A., Os portos marítimos de Portugal e ilha adjacentes – Vol. III, Parte I, 

Imprensa Nacional: Lisboa, p. 158, 1906. 
[13] Gomes, P.V., A cultura arquitectónica e artística em Portugal no séc. XVIII, Caminho: 

Lisboa, p. 67, 1988. 
[14] Rossa, W., A Urbe e o Traço – uma década de estudos sobre o urbanismo português, 

Almedina: Coimbra, pp. 58–95, 2002. 
[15] Loureiro, A., Os portos marítimos de Portugal, p. 160, 1906. 
[16] Rossa, W., Lisboa: da busca de imagem de capital, Revista Rossio No. 5, Gabinete de 

Estudos Olisiponenses.  
www.cm-lisboa.pt/publicacoes-digitais/por-tematica?pub=770. 

[17] Loureiro, A., Os portos marítimos de Portugal e ilha adjacentes – Volume III – Atlas, 
Imprensa Nacional: Lisboa, 1907. 

[18] Kubler, G., A Arquitectura Portuguesa Chã. Entre as Especiarias e os Diamantes: 
1521 – 1706, Editorial Vega: Lisboa, 1988. 

[19] Rossa, W., A Urbe e o Traço, p. 95. 
[20] França, J.-A., História da arte em Portugal – o Pombalismo e o Romantismo, Editorial 

Presença: Lisboa, pp. 13–14, 2004. 
[21] Vasconcelos, F.T. de M. & Mardel, C., Elementos para a história da arquitectura 

portuguesa do Séc. XVIII, Dis. de Licenciatura, Faculdade de Letras de Lisboa: 
Lisboa, p. 16, 1955. 

 

96  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



KNOWLEDGE AND INTERPRETATION PROCESSES OF 
THE ANDALUSÍ BATH OF EL NOGAL OR BAÑUELO 

(ḤAMMĀM AL-ŶAWZA) IN GRANADA, SPAIN (1832–2019) 

ANTONIO ORIHUELA1* & JOSÉ M. LÓPEZ-OSORIO2† 

1Escuela de Estudios Árabes, CSIC, Spain 
2Universidad de Málaga, Spain 

ABSTRACT 
The bath of the Walnut or Bañuelo (Ḥammām al-Ŷawza), in Granada (Spain), is one of the most notable 
and best-preserved buildings of its kind in the Iberian Peninsula, following the extensive conservation 
work directed by architect Leopoldo Torres-Balbás in 1927–1928. Traditionally, it has been dated to 
the 11th century, when a Taifa kingdom ruled by the Zirid dynasty, of Berber origin, was established 
in Granada. The recent restoration work carried out on it has prompted us to investigate the long process 
of study, characterization and valorisation of this important example of Andalusí architecture. The 
paper presents a broad critical analysis of this process of detailed discovery over almost two centuries 
(1832–2019), based on descriptions, photographs and plans. It starts with the first drawings made by 
the French artist J.-Ph. Girault de Prangey and finishes with the recent archaeological survey. During 
the discussion the authors give their own vision of the different hypotheses raised, assessing positive 
contributions of each of them. Finally, they propose a new hypothesis summing up the best ideas 
contributed by previous authors and correcting their errors or omissions. This new hypothesis is 
described and drawn in ground floor plans and cross-sections. 
Keywords:  Ḥammām al-Ŷawza, Bañuelo, El Nogal bath, Arab bath, Andalusí bath, Islamic Granada, 
conservation, historiography. 

1  INTRODUCTION 
The bath of the Walnut or Bañuelo (Ḥammām al-Ŷawza) is located in the present quarter of 
El Albaicín in Granada, beside the Puerta de los Tableros (Bāb al-Difāf), which connected 
the defensive lines of the Medina and the fortress of the Alhambra. This construction is one 
of the most representative examples of Andalusí baths in the Islamic West, due mainly to its 
good state of conservation and numerous restoration interventions since the late 1920s, when 
L. Torres-Balbás, the then architect-director of the Alhambra, began restoration work on this 
and other monuments in the city. 
     The building currently occupies a 380 m2 plot, following the characteristic floor plan of 
Andalusí baths which consisted of different interlinked rooms: relaxation room, changing 
room, cool room, warm room, and hot room. This last room housed the steam bath itself, on 
the hypocaust: an underground vaulted space directly linked with the furnace and the boiler. 
Beside it were the service quarter and wood store, located at the north end of the complex of 
El Bañuelo. This could be entered from the street to allow for service access, as well as for 
the supply of logs and other types of fuel. The public entrance was located at the south end, 
currently used for access, through a small two-storey building leading to an open courtyard, 
which must originally have been covered and used as a relaxation room. 
     The bath is mostly built with lime concrete walls and brick vaults, along with octagonal 
and star-shaped oculi to allow light in and to control the steam generated in the hot room 
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Figure 1:  Warm room of El Bañuelo. (Photo: J.M. López-Osorio.) 

(Fig. 1). Water was supplied from the north end, along a branch of the Axares irrigation 
channel, and ran out to the river Darro along a brick drain. 

2  HISTORICAL ANALYSIS 
We begin this study with a historical analysis in chronological order, focusing on authors 
who have worked on the revalorisation and recovery of the bath as a publicly owned 
monument. We are here concerned with authors who have made truly original contributions, 
either detailed descriptions of the bath or early images and plans. Therefore, this does not 
include authors of recent research studies with no documentary references or studies that 
simply summarise previously published texts. This selection highlights the importance of the 
first drawings published by Girault de Prangey, although the operation of the different bath 
spaces was not properly understood until the studies by Gómez-Moreno (González) and his 
son, Gómez-Moreno (Martínez). The later restoration work by Torres-Balbás was extremely 
important, as were the hypotheses on initial conditions developed in the School of Arabic 
Studies (CSIC) by Navarro-Palazón and Jiménez-Castillo and by Almagro-Gorbea. In 
another study, currently in press, we provide a critical analysis of a dozen restoration and 
conservation interventions by eight different specialists or specialist teams over the last 
century. 
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     1837. Joseph-Philibert Girault de Prangey (1804–1892) was a French artist and early 
researcher into Islamic architecture on both sides of the Mediterranean, who later used 
daguerreotypes to document historic buildings. He carried out surveys and made on-site 
drawings in 1832–1833, publishing them as engravings in Paris in 1837 under the title 
Monuments Arabes et Moresques de Cordoue, Seville et Grenade. Souvenirs de Grenade et 
de l’Alhambra [1]. His work included a detailed plan of El Bañuelo, surprisingly included in 
a plate of cross-sections, elevations and details of the palaces of the Alhambra (Planche 30) 
(Fig. 2). The engraving does not appear to show the condition of the building at that point, 
but rather seems an attempt to show hypothetical initial conditions, as it does not include the 
laundry located in the original warm room, which had been added once it was no longer used 
as a bath. On the ground floor plan it is worth highlighting the outline of the entrance area, 
which is made up of the access, the relaxation room and latrines, spaces which had perhaps 
not yet been as significantly transformed by residential constructions as in the plans and 
photographs of the first quarter of the 20th century. A symmetrical structure and porticos on 
pillars can be seen on the north and south sides of the relaxation room, providing an initial 
hypothesis of its original condition, ignored by later historians. Failing to draw the columns 
of the double arch delimiting the west alcove of the hot room may well have been an error. 
 

 

Figure 2:  Ground floor plan of El Bañuelo [1]. 

     The most detailed engraving, entitled “Anciens Bains Moresques Ruinés” (Planche 11) 
(Fig. 3), shows a view of the warm room taken from the west side. A public laundry can be 
seen in the middle alongside an interior pool. The accompanying text provides a brief 
description of the use of the building, although it is somewhat inaccurate and interprets the 
hot room as the relaxation room and the service quarters as the garden. This may have been 
due to the thick vegetation which apparently grew on the rubble from the collapsed vault. 
One of the most important contributions of the engraving is that it shows the wall separating 
the warm and hot rooms, with a large round arch to the left of the connecting door. This 
opening may have been designed to widen one of the original conduits of one of the 
hypocaust chimneys, which was probably damaged. This opening, which also appears on the 
floor plan described above, shows it as a break, providing a glimpse of the modern staircase  
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Figure 3:  Warm room of El Bañuelo [1]. 

occupying the space of the former hot water tank and connecting the hot room to the wood 
store above. Another detail to note in the engraving is the wooden gutter supplying water to 
the pool from a hole in the east wall of the room. This water supply point can still be seen 
today in the form of slightly overhanging brick and is especially interesting as it shows that 
water was supplied to the bath from this side of the present Calle del Bañuelo. A break can 
also be observed in the southern section of the vault of the west portico. Furthermore, in 
addition to different details of the Alhambra, engraving number 22 also shows two capitals 
from the warm room, one of which features Arabic inscriptions in the abacus. Remains of 
these inscriptions are still found on the capital of one of the columns of the south gallery of 
the warm room, to the right of the entrance from the cool room. 
     “PLANCHE XI. BAINS MORESQUES RUINÉS. Salle principale d’un édifice presque 
complétement détruit, mais dont la désignation ne peut être doutese, car l’on y retrouve 
encore tout ce qui constitue un Bain Moresque de nos jours : une cour d’entrée avec chambres 
autour, une première salle, puis une autre plus grande (celle dessinée), puis une troisième 
avec estrades, lits de repos, se terminant par un jardin. (Voir le plan général de ces Bains, pl. 
30) C’est encore là une copie exacte des Bains antiques dans leur ensemble et dans tous leurs 
détails. Les chapiteaux des colonnes de cette salle sont fort curieux et remontent peut-être 
aux Xe ou XIe siècles. Les caractères Koufiques très anciens que conserve l’un d’eux 
attestent leur origine et leur époque (Voir pl. 22.)” [1]. 
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     Girault de Prangey’s ground-breaking graphic contribution on the subject of El Bañuelo 
was far superior to the brief description accompanying the individual engravings, as the 
author had previously been unable to interpret the functions of the rooms in the north section 
of the building, where the hot room, the boiler and wood store were located. However, he 
dated the capitals of the warm room quite accurately. In later works he used this to date the 
construction of the building to the 10th–11th centuries and establish a historical tradition 
which is still encountered today. At the same time the author stated that the terms More and 
Moresque, in his books unfortunately refer to the Arab-Maghribi who conquered most of the 
Iberian Peninsula from the late 11th century onwards, bringing about major changes in the 
architecture of al-Andalus [2]. Therefore, these terms must not be confused with those of 
Moor or Morisco as currently understood. 
     1846. José Giménez-Serrano (1821–1859) was a journalist and writer and – in his later 
years – a professor in commercial law. Giménez-Serrano revealed that “there is a dirty and 
foul-smelling house, now a pigsty and laundry where Arab baths are located…”. He also 
stated that at the time the entrance courtyard was untouched and the remains of the square 
Macael marble pool could be seen in the centre. The warm room is described as “the covered 
courtyard of the cold water tank”, suggesting that he considered the pool of the laundry found 
there in the 19th century to be an original element of the Andalusí bath. His misinterpretation 
of the rooms of the bath concludes by stating that “opposite is the hot room leading to the 
gardens, full of fruit trees, African palms and bay trees” [3]. He therefore agrees with Girault 
de Prangey’s opinion, viewing the vegetation growing on the rubble of the collapsed wood 
store as part of the original garden.  
     1878. Rafael Contreras-Muñoz (1826–1890) was an adornist restorer of the Alhambra 
who came from a long line of architects and restorers in Granada. He published a ground 
floor plan of El Bañuelo, as well as an small engraving of the warm room, although both 
plates were printed in reverse [4] (Fig. 4). Both were clearly inspired by those published by 
Girault de Prangey in 1837, although Contreras’s ground plan shows the dimensions of the 
different spaces more accurately. This is especially apparent both in the entrance courtyard, 
with its square pool, further supporting the hypothesis of its symmetrical tracery, and in the 
south bay, with the façade overlooking the Carrera del Darro where the staircase to the upper 
floor was located. It is not devoid of errors, most importantly the omission of the columns of 
the south portico of the warm room. Furthermore, the description of the building was 
completely mistaken in assuming that it was accessed through the wood store and boiler area: 
“ARAB BATHS OF CARRERA DE DARRO – Today these are a modest house accessed 
via a square courtyard, around which the wall distribution of these buildings can still be  
 

 

Figure 4:  Ground floor plan of El Bañuelo [4]. 
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observed. Beyond this courtyard, with a pool or pond in the middle, we find the most 
complete distribution of a public bathhouse. We assume that the entrance was located in the 
last room, a vaulted and now collapsed parallelogram. A wide staircase leads down to another 
long room with two alhamíes (alcoves) for relaxation at either end. Here there are two private 
bathing rooms, with a narrow door leading to a large bath for washing, whose walls are 
perfectly recognisable from the remaining colour and Arab design on lime plaster. After the 
central room with its vaults, skylights and air vents we access the room with the two alhamíes, 
very similar to the first one, and from there we enter other small rooms connected with the 
entrance house, a usual feature in these establishments” [4]. 
     However, the description by Contreras includes interesting contributions such as stating 
that the wood store (“the last room”) was originally vaulted and noting that the warm room 
included remains of a painted mural. 
     1886–1993. Antonio Almagro-Cárdenas (1856–1919) was a professor of Arabic and 
Hebrew in the Universities of Granada and Seville respectively. His collection of studies in 
instalments, Museo Granadino de Antigüedades Árabes, published between 1886 and 1993, 
dedicated a chapter to Arab Baths, written around 1889 [5]. Describing El Bañuelo he stated 
that at the time the entrance was through a residence, that the central room had been a public 
laundry until recently and that the semicylindrical vaults of the three perimeter galleries were 
mostly in a state of collapse. Aiming to offer a detailed description and recreation of the 
functions of the different rooms, he repeated the same mistakes as previous authors. 
However, he made accurate use of the term alhanía when referring to the spaces or alcoves 
at the end of the rectangular rooms. His most important contribution as an scholar in Arabic 
was probably the translation of the incomplete Kufic epigraphical inscription on one of the 
capitals of the bath’s warm room, previously drawn by Girault de Prangey: “In the name of 
clement and merciful God. There is no power but in sublime God. Happiness and wellbeing 
can only be conserved through cleanliness” [5]. 
     1889. Manuel Gómez-Moreno (Martínez) (1870–1970). The Sección de Excursiones del 
Centro Artístico de Granada visited El Bañuelo on 13.10.1889, publishing a description of 
it in its Boletín [6]. This description is likely to have been provided by the younger Gómez-
Moreno (Martínez), who during his long life became a renowned professor in Arabic 
archaeology and member of three prestigious Academies. This was the first instance in which 
the architectural elements and constructive materials were described with archaeological 
precision. This brief account focused on the arches of the warm room “supported by Roman 
columns with different capitals, some Roman, some Visigoth and the remaining early 
Islamic, all of them with Corinthian and composite order”. He also stressed the need to 
conserve the remains of the paintings adorning this room, in view of their unique importance. 
He lamented the state of ruin of the building, which he considered the most important existing 
in Granada from the “first period of Islamic architecture”, as “its vaults let water through the 
cracks, threatening to collapse; some of the walls are starting to collapse; there are several 
rooms covered by earth and the floor is full of rubble”. 
     1892. Manuel Gómez-Moreno (González) (1834–1918) was an excellent painter, 
archaeologist and art historian from Granada. In his Guía de Granada [7] he provided a 
detailed description of the bath, known as of El Chauze (of the Walnut) in 1494 and a few 
years later as the Bath of Palacios or the Gate of Guadix. This description followed the logical 
order of its use as an Andalusí bath with scientific precision, although it did not state the 
function of individual rooms: “The small courtyard is reached through a small modern house. 
The courtyard’s west wall still preserves remains of the opening or small recesses, with a 
high horseshoe arch, which was perhaps occupied by the caretaker of the establishment”. He 
stressed the poor condition of the cold room, half of which was used as a modern cistern, and 
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the loss of the columns of the rooms at the ends. He stated that the ten columns in the warm 
room “were reused from previous buildings, have no bases and have shafts in Loja marble; 
one of the capitals is Roman, in the Corinthian style, and the others must have been made 
during the early Islamic rule, combining the Corinthian and composite orders”. In the notes 
that complete the second edition of his work, he dates their execution to the 10th century [7]. 
He also highlighted the three imitation arches painted on the north wall of this room and the 
pool in the middle of the laundry, which some had mistakenly thought was part of the original 
construction. The northernmost quarters, which were full of rubble, had been used as a 
furnace and wood store, and it was still possible to see the springing of the missing “arched 
vault” of the wood store or service quarters. Finally, he identified the existence of a “wall 
made up of stone slabs and brick in alternating courses, as in some Byzantine buildings”, 
which is still preserved in the east wall of the hot room. 
     The small plan accompanying the text shows the bath without later additions. Only the 
west bay is drawn in the entrance area, as the rest would have been hidden by the small 
dwelling built around 1880. It reflects only two chimneys in the hypocaust, set in the wall 
separating the hot and warm rooms. A dotted line drawn in an east–west direction represents 
a hypothetical missing wall, which can now be said to never have existed, as well as another 
in the east wall of this space, in the place where the access for employees and supply fuel 
from the current Calle del Bañuelo must have been. Based on the antiquity of all its 
architectural details Gómez-Moreno (González) dated it to the 11th century, “as the oldest 
building existing in Granada, with the exception of fortresses and towers”. This dating, 
coinciding with that previously suggested by Girault de Prangey, was accepted by later 
historians until it was recently questioned in the early 21st century. 
     In 1901 he drafted a report on El Bañuelo for the Monuments Commission of the Province 
of Granada to promote the building’s acquisition by the state, as this was the only way to 
save it from ruin [8]. 
     1906. Mariano Gaspar-Remiro (1868–1925), a professor of Hebrew in the University of 
Salamanca and later of Arabic in Granada, edited and translated an Arabic notarial document 
from the beginning of the month of muḥarram in the year 852 of the Hegira, corresponding 
to the month of March of the year 1448 [9]. This document mentions the existence of the 
Baño de la ruina o del Axautar, which belonged to the public Treasury (Bayt al-mal). This 
was acquired from the sultan Muḥammad, who may have been the ninth of this name in the 
Nasrid dynasty, known as al-Aysar (the left-handed), according to recent chronological 
research on the rulers of the mid-15th century [10]. However, forty years later, Luis Seco de 
Lucena-Paredes (1901–1974) confirmed that this bath was beside the main mosque and had 
no connection to the Ḥammām al Ŷawza or Bath of the Walnut, commonly known as El 
Bañuelo [11]. 
     1907. Manuel Gómez-Moreno (Martínez), again in his unfinished work Monumentos 
arquitectónicos de la provincia de Granada, republished in 1949, when detailing the Roman 
materials reused in Islamic buildings, highlighted the capital installed in El Bañuelo in the 
11th century: “a very beautiful capital in the Corinthian style, with simple scrolls of leaves 
and ornate carving in the centre” [12]. 
     1912. Gonzalo Enríquez de Luna-Enríquez, a military officer interested in collecting and 
archaeology, and spousal co-owner of El Bañuelo [13], requested a municipal permit to 
remove the rubble from the bath, as half the columns were covered by rubble over a metre 
high [14].  
     1913. Francisco de Paula Valladar-Serrano (1852–1924), journalist, writer, academic and 
expert on local artistic heritage, drew up the report for the Provincial Commission of Historic 
and Artistic Monuments of Granada requesting that El Bañuelo be declared a National 
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Monument and acquired by the state. He also mentioned that excavation work carried out by 
the owners had uncovered over a metre of columns, which had been half-buried to transform 
the warm room into a public laundry [15].  
     1916. José Ramón Mélida-Alinari (1856–1933), archaeologist and scholar, drafted the 
mandatory Report of the Royal Academy of History, of 10 March 1916, supporting its 
declaration as a National Monument and the purchase by the state of El Bañuelo. He dated it 
to the 11th or 12th centuries based on its artistic features [16].  
     1918. Vicente Lampérez-Romea (1861–1923) was a restoration architect, professor, 
architecture historian and academic. He drafted the “Report on the file relating to the building 
called ‘El Bañuelo’, in Granada” as a rapporteur of the Central Monuments Commission at 
the Royal Academy of Fine Arts of San Fernando. He noted the inclusion in the file of a plan 
of the building and some photographs requested from the owner in June 1916. In his opinion, 
“Based on the constructive details, the shape of the arches and the style of the capitals, the 
construction of El Bañuelo dates to the 11th or 12th century”. Lampérez-Romea also felt that 
the state ought to purchase the building and declare it a National Monument [17].  
     1918. Declaration as a National Monument on 30 November 1918 (Gaceta de Madrid, 
issue 338, of 4 December 1918), at the request of its owner D. Gonzalo Enríquez de Luna, 
this status was granted five and a half years after the Provincial Commission of Historic and 
Artistic Monuments of Granada requested it. 
     1919. Fernando Wilhelmi-Manzano (1880–1969) was an architect for the Diputación de 
Granada who worked as an assistant architect at the Alhambra. He drew up the plan of the 
ground floor, dated 22 May 1919 (APAG P-001155) (Fig. 5), before submitting the 
Certificate of examination and appraisal to the Royal Academy of Fine Arts of San Fernando. 
The plan included the residential unit in the entrance area, as well as the cistern, which at that 
point occupied the eastern third of the cool room. The service quarters at the north end are 
not drawn but listed as “debris fill”. 
 

 

Figure 5:    Ground floor plan of El Bañuelo. (Source: F. Wilhemi-Manzano, 1919, APAG 
P-001155.) 
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     1921 Manuel Zabala-Gallardo (1853–1934) was an architect, professor and scholar. He 
drew up the mandatory “Report on the certification of examination and appraisal of the house 
known as ‘El Bañuelo’ (Granada)”, dated 11 March 1921, as a rapporteur of the Architecture 
Department of the Royal Academy of Fine Arts of San Fernando. He noted that part of the 
site was dedicated to modest homes and another uninhabited area, which was made up  
of almost the entirety of the former bath, even the debris-filled backyard. The Academy 
approved the architect Wilhelmi’s refusal of the owner’s request to conserve ownership  
of part of the building and accepted the proposed appraisal of the entire site for  
16,540.30 pts [18].  
     1927–1928. Leopoldo Torres-Balbás (1888–1960) was the architect-director of the 
Alhambra from 1923 until 1936. In December 1927, he drew up an extremely precise plan 
for the Project for the Repairs of El Bañuelo [19] (Fig. 6). The work was carried out with 
minimum intervention and making great savings, carefully executed, avoiding the 
introduction of unnecessary elements to ensure that the building did not lose what he called 
“its appearance of mediaeval construction”. The construction plans show the ground surveys, 
with the remains of the original flooring, as well as underground ones showing the general 
drain throughout the building with a tracery near its west walls, which ran off into the river 
Darro (Figs 7 and 8). Torres-Balbás also documented the original walls found beneath the 
flooring of the south bay of the current entrance courtyard. 
 

 

Figure 6:   Project for the repairs of El Bañuelo: Ground floor plan and cross-section, before 
and after the intervention [19]. 

     Following completion of the work in April 1928, he published a short piece in Reflejos 
magazine: “Acquired with the income of the Alhambra, El Bañuelo, an interesting Arab bath 
from the 11th century, situated on Carrera del Darro, was completely repaired at the end  
of the month of March, saving it definitively from what seemed like almost certain 
destruction” [20]. 
     1951. Manuel Gómez-Moreno (Martínez) once again produced a detailed description of 
El Bañuelo, complete with ground floor and cross-section plans (Fig. 9). These one were 
based on the graphic documents prepared by Torres-Balbás at a 1:50 scale during the  
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Figure 7:    Ground floor plan of El Bañuelo with archaeological details. (Source: L. Torres-
Balbás, 1928, APAG P-000269.) 

 

Figure 8:    Cross-section of El Bañuelo with archaeological details. (Source: L. Torres-
Balbás, 1928, APAG P-000271.) 

construction work in 1928 (APAG P-000269 and APAG P-000271) (Figs 7 and 8), as well 
as a drawing of a capital of the warm water room and four good photographs. Of these, the  
photograph of the hot room predates the completion of this project, as the floor of this room 
is covered in rubble and the oculi or luminaries of the vault had not yet been established as 
stars or octagons. The plan features several steps adjoining the west wall of the service area, 
as had been drawn by Torres-Balbás. For the first time the cross-section shows the chimneys 
in the wall separating the hot and warm rooms, as well as the remains of the vault, which 
covered the wood store. As regards the dating of the capitals of previous works Gómez-
Moreno (Martínez) holds that: “the capitals include a Roman one in the Corinthian style; 
except for two others, one of them inscribed with simple eulogies, which were caliphal and 
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Figure 9:  Ground floor plan and cross-section of El Bañuelo [21]. 

reused; they only appear to be contemporary to the bath, and definitely date from the 11th 
century, a Corinthian one with two lines of quite ornate roughly carved leaves, and another 
of composite order with almost no volutes” [21]. 
     2012. Julio Navarro-Palazón and Pedro Jiménez-Castillo, archaeologist-researchers from 
the School of Arabic Studies (CSIC), studied the bath and its urban surroundings with 
innovative proposals. According to them the entrance was in the southeast corner of the plot 
when accessed from Carrera del Darro, a street they thought was of mediaeval origin but had 
been widened in modern times to the detriment of the south bay of the bath. They also held 
that the space between the eastern limit of El Bañuelo and the street of the same name was 
filled by a bay of shops. As regards the distribution, they suggest the presence of a relaxation 
room or changing room covered with a wooden framework rather than the current entrance 
courtyard. They also analysed traces of the access to the wood store from the street of El 
Bañuelo, through a plot which was not initially purchased by the state. They dated the bath 
to a later date than historians had traditionally done, “as its concrete wall constructions and 
the abundant use of brick in vaults to form buttresses and reinforcements in openings are 
characteristic of a later architecture, from the 12th century at least” [22]. 
     2014. Antonio Almagro-Gorbea, architect-researcher from the School of Arabic Studies 
(CSIC) reiterates what he had already suggested ten years previously, that the current access 
courtyard used to be a room with a collar-beam roof [23]. To do so he published ground floor 
plans and cross-sections of the current condition and of the initial hypothetical conditions 
(Fig. 10). In the relaxation room he proposes two porticos with three openings over columns 
on the north and south sides following the drawings by Girault de Prangey. These may have 
been partly conserved at the time of his visit in 1832–1833, although Girault de Prangey had 
drawn rectangular pillars instead of columns. However, he identified differences with the 
innovative urbanistic proposals of Navarro and Jiménez, as he held that the original entrance  
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Figure 10:  Hypothetical original ground floor plan and cross-section of El Bañuelo [24]. 

coincided with the current one, given that the Carrera del Darro did not exist in the Nasrid 
era and the buildings of this block overlooked the river Darro directly, as is the case on the 
left bank. He assumed that the wood store was covered by a wooden structure supported by 
two dividing transverse arches and was lower than now, on a level with the hypocaust, to aid 
in stocking the hearth and cleaning the embers. He considered that all the existing capitals, 
including those thought to be from the 11th century would have been reused at a later date as 
“the typology of the bath, which we consider highly evolved and similar to those of the Nasrid 
era suggested a much later date” [24]. 

3  CONCLUSIONS 
Critical analysis of the history and in-depth research of the building over many years allow 
us to provide a reasoned proposal on the initial condition of the Bath of the Walnut or 
Bañuelo. This proposal is similar to that published by Almagro-Gorbea, although it 
introduces some important corrections and nuances (Fig. 11). 
     In the entrance area our proposal is similar to the above, except for one small hypothetical 
difference, the presence of pillars instead of columns in the north and south side porticos, as 
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Figure 11:   Hypothetical original ground floor plan and cross-section of El Bañuelo. 
(Source: A. Orihuela and J.M. López-Osorio, 2019.) 

drawn by Girault de Prangey [1]. The only differences we propose for the wet area of the 
bath lie in the hot room, specifically the pilasters at the end of the west alhanía, added 
following the construction work of 1995 [25]. Prior to this there had been columns semi-
embedded in the walls, as in the east alhanía. The chimneys of the hypocaust are drawn on 
the ground floor plan and the cross-section, although, at least since the work of Torres-
Balbás, there are only traces of the top of the two chimneys in the south wall of the hot room. 
     In the service quarters the wood store incorporated a half-barrel vault, whose imprints and 
part of the bricks of the springing in the Bañuelo northern wall are still visible (Fig. 12). The 
wood store is reinforced with two arch buttresses below the vault to reinforce the supporting 
walls. Although Torres-Balbás identified the existence of this original vault, he did not feel 
its reconstruction was necessary in the work of 1927–1928 [19]. In addition, the three bottom 
steps of a small staircase and traces of the rest of the stairs are also observed on the west wall 
of the wood store. This staircase, which is only 65 cm wide, led to the vaults from the service 
quarters although its construction may not have been completed. A small brick barrel vault  
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Figure 12:    Current situation of the Service area of El Bañuelo, looking towards the 
Northwest. The remains of the fallen vault are still visible. (Photo: C. García-
Zarza.) 

rebuilt above it by Torres-Balbás now blocks access to the vaults from this point. His 
construction work incorporated a modern access to the vaults from the terrace of the 
caretaker’s home, in the south end of the complex. Furthermore, in his 1994–1995 
intervention, Rodríguez-Sáez built a wide staircase at the east end of the wood store, which 
was not based on conclusive archaeological remains. Finally, we assume that there was a 
staircase there from Calle Bañuelo down to the service quarters, with a difference in levels 
of around 3.50 m. 
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ABSTRACT 
Architectural documentation is considered one of the first processes that take place in the preservation 
of historic and archaeological buildings. The emergence of the digital revolution and what it brings 
from modern technologies provide a new way to document and archive these historic locations. Due to 
the historical value of these buildings and their status in local heritage, it was deemed important for 
these locations to be archived in a way that helps in availability and ease of access for scholars and 
researchers. This paper outlines some methods that reach this goal, alongside an applied example of a 
historical building (a Hijazi palace in the Mecca Region) modeled in virtual reality. This paper is 
divided into two sections. The first section focuses on methods of archiving historical locations, while 
the second focuses on the applied example of the use of VR in archiving. It concentrates on the details 
of interior architecture to help researchers of interior design. These details have not previously been 
given attention due to the difficulty of reconstructing life in the time period, and the scarcity of reliable 
sources on the subject. However, utilizing photographic evidence, some historic illustrations, field visits 
of other historic buildings of the period, and visits to houses containing personal possessions of people 
who have lived in these buildings, it is possible to reconstruct spaces from the period in a way that 
depicts the fine details that represent the lives of the inhabitants of these historic buildings. 
Keywords:  architectural heritage, virtual reality, local architecture, Hijazi identity, Mecca region. 

1  INTRODUCTION   
Arab countries have received a tremendous inheritance in the form of urban heritage. 
Generations toiled to create buildings shaped by customs, traditions, necessity, and 
environmental conditions. The care for these monuments is a field that brings the legacy of 
the past together with the technology of modern times. Cohesion between the historic and the 
contemporary is necessary to not deviate from investing in our rich heritage because of 
modern developments, and to utilize it in our modern age without it becoming a liability on 
development [1]. Conservation of urban heritage and historical locations in Muslim countries 
is facing threats. Preserving the heritage of previous civilizations is important as it has impact 
on the identity of the people. Urban heritage tells the tale of people through the ages and  
the evolution in the way the environment could be harnessed. From predecessor to  
successor, legacy is passed through the ages. This is not exclusive to language, thought, and  
literature – but is inclusive of all material and sentimental elements of the society. Thought, 
philosophy, religion, science, art and architecture to name a few. 
     In the past century, humanity has seen the fragility of urban and human heritage against 
the destruction of war and modern weaponry. With the disappearance of numerous historical 
buildings in WWII, awareness of the importance of preserving urban heritage from 
demolition became clear. Despite time taking its toll on these buildings with decay and 
catastrophic floods and earthquakes, the natural destruction of these locations does not come 
close or that of humans. Our modern technology has accelerated urban development, causing 
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the swift disappearance of buildings that would be of historical value in favor of roadways 
and large public and industrial urban projects. This surge in urban development has also 
caused the increase of pollutants in the air, from vehicle exhaust and factory emissions. 
Which lead to the acceleration in decay of buildings of historical significance [2].  
     Considering the difficulty of obtaining historic and scientific sources and information on 
urban heritage, this paper showcases useful sources and methods that can be used and relied 
upon when archiving urban heritage. Comparisons between archiving methods will also be 
provided, making them more accessible and to help researchers looking to utilize these 
methods in future projects. The Mecca region has been chosen as a sample location for the 
paper due to recent developments in the city accompanying the expansion in the holy mosque 
that required the destruction of several historical buildings inside the construction area. This 
development demanded a modern solution for archiving that emulate reality, like VR 
technology, which allows a viewer to inspect sites of urban heritage by entering a virtual 
world portraying life in past periods with all its intricate architectural detail.  

2  LITERATURE REVIEW 
The paper by Shawkat [3] studied the process of architectural archival of historical location 
using digital means, and the impact of communication technology on the process of 
exchanging experiences between entities interested in the preservation of urban heritage to 
enable researchers and policymakers reach decisions that are constructive for the field. A 
paper by Rashed [2] reviewed an example of the employment of modern technology in the 
registrations and documentation of urban heritage sites. Displaying the archive for scholars 
and the public on the internet with their choice of language, reason for visit, and the 
information that they would want to learn while still preserving the intellectual property of 
the designer of the site. In some of these projects, it is possible to include an audible and 
visual program for the site to enjoy the organic aspects of the heritage site, and 3D models of 
specific aspects of the design, which allows for the addition of details and aspects that were 
lost. To ensure the success of the work, it is necessary to collaborate with specialized bodies 
and form a plan to manage and employ data. Lastly, the documentation of heritage allows for 
the exchange of information and provides an opportunity for distance education, as well as 
making the information available for further analysis and discussion. The project by Koehl 
et al. [4] aims to create a virtual visit to a historical building, where it is possible to make a 
visit while being far away while enriching the experience by the inclusion of information on 
the architecture and decoration used at the time. Panoramic photography technology was used 
and tested in natural and artificial light, and the results of the project were reviewed using 
modern technologies including virtual reality. 
     In many past papers in the field of urban documentation, the technologies used were 
limited and relied on some methods without others. Which necessitated outlining crucial 
sources and methods in a paper, with comparison between said methods, for researches to be 
able to compare and choose between them. This was one in the first section of this paper. 

3  ARCHIVAL OF ARCHAELOGICAL BUILDINGS  
The term “archaeological site” can be used to refer to any site that has lived for 100 years or 
longer, if it is of historical value. It can also be defined as a place that instills a sense of awe, 
and the desire to learn more of the culture that has shaped its creation, for what it displays of 
aesthetic, historical, political, and symbolic value. 
     The process of documentation is considered one of the earliest fields of scientific research. 
It is a scientific look on events of the past, providing precise facts to develop insight on the 
present through history. 
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     Article 5 in the National Architectural Heritage Record states that each of the participating 
countries are to create a record for its urban heritage. Pinpointing buildings, sites, and areas 
of urban heritage that should be protected, and preserving, documenting, and studying them, 
while taking the necessary measures to provide quick documentation if the circumstances 
require it in an emergency.  
     Methods of urban documentation of archaeological sites vary and evolve through the ages 
with different techniques and depend on the nature of the site and its historical significance. 
These methods rely mainly on registration and classification, photographic documentation, 
and engineering surveillance. Methods of architectural documentation can be divided into 
two sections. 
     First section: Traditional methods that rely on manual labor, and individual talent.  
Carried through traditional tools and manual methods. Traditional methods of building 
documentations, be it urban or architectural, have displayed accuracy and flexibility as a 
method of information documentation. This method is characterized by its availability, 
simplicity, and relative low cost compared to modern high-sensitivity archiving devices. 
     Second section: Modern methods, also referred to as electronic documentation, use 
modern technology to archive and collect data. And to pave the way for scholars and 
researchers interested in archaeological buildings and their documentation, a table has been 
created that lists the most commonly used methods used in the process of collecting data and 
documenting them and compares the methods in the parameters of: ease of finding 
information, availability, clarity, cost, ease of documentation, authenticity, and accessibility. 
This allows scholars and researchers to focus on their projects by saving time spent 
researching and studying the various methods of documentation, and in the process helps in 
the advancement of science. Table 1 showcases the comparisons. 

3.1  Traditional methods of documenting and recording historical data 

Traditional methods are considered one of the most important methods of collecting unique 
information. They rely on research, investigation, exploration and interpretation. The most 
important traditional methods are as follows. 

3.1.1  Storytellers 
Individuals that are invested in transferring historical news and incidents and are renowned 
for that. They hold unique information and memories that some of them have witnessed and 
lived through, and they add an emotional aspect to the information that researchers can 
benefit from.  

3.1.2  Stories and novels  
Historical stories and novels illustrate events and describe scenes in a creative way. This can 
be used to visualize buildings and spaces with increased privacy such as everyday spaces and 
ladies’ wings.  

3.1.3  Poetry  
Some poems describe places and sites, and they are often used to identify a specific historical 
era or describe a building or a monument.   

3.1.4  Paintings  
Paintings showcase daily life and revive it. They are considered as a vital source for 
designers, especially those interested in the details of architectural interiors and motifs and 
contents of interior spaces.  
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Very Low Low Moderate High Very High 

 

Table 1:  Comparison between methods of archiving. 

3.1.5  Artistic drawings  
Drawings include fine details that have been used as sources throughout history; they can 
also be used to collect some information through reading and analyzing motifs and buildings.  
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3.1.6  Nomads’ description  
Nomads’ books describe the places they have been to, how they were fascinated by some of 
them, and describe their feelings towards some others, which allows to collect unique 
information through that description.  

3.1.7  News reports  
News reports are often filled with unique information that guides researchers, and they can 
open many doors for research, investigation, and extracting facts.  

3.1.8  Documentaries  
Some documentaries are a real treasure as they present facts and conduct real-life interviews 
and visits that greatly assist researchers.  

3.1.9  Movies (cinematic, theatrical, and others)  
Some movies and plays illustrate scenes in a way that mimics reality and allows the audience 
to live the event, highlighting some details of the site. 

3.1.10  Students’ projects 
Students’ projects depend on field visits and survey of the site, and they are considered a rich 
source of information.  

3.1.11  History books  
History books are rich with unique and thorough information, often detailing some events 
and dating them accurately.  

3.1.12  Historical documents  
Historical documents document the history of a building, and often contain historical names 
of individuals that had a role in constructing a certain building.  

3.1.13  Photographs  
After the invention of the camera, photographers emerged and then travelled the world  
taking photographs.  
     They documented their independent journeys and those taken accompanying officials and 
significant figures, taking photographs of historical sites and buildings on their way which 
currently present a vital source of information.  

3.1.14  Artisans and their products  
Local artisans played a big role in transferring the heritage of a place to generations and 
preserving it, and for that, their products can assist research greatly.  

3.1.15  Museum collections  
With nations’ efforts in preserving heritage and building historical museums and their 
attention to showcase historical monuments and artifacts, it became easier for researchers to 
get their hands-on collectibles and valuable items and use them in their research. 

3.1.16  Historical buildings  
Some historical buildings still stand to this day as monuments of the past. They are  
considered national treasures that all countries should preserve. They are also a rich source 
of information for researchers that no other can match. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  117

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 

3.1.17  Archaeology 
Historical sites and artifacts contribute greatly to reading the past and recalling it. They assist 
researchers in their research and projects, but they may require relatively expensive 
technologies and equipment to visualize their original look in some instances.  

3.1.18  Radio and recordings  
Audio libraries are a rich source for dating, documenting and describing some events. 

3.1.19  Detailed building plans  
Detailed plans of some historical sites and buildings are a vital source of information as they 
include original measurements and dimensions such as length, width and height. Their details 
support engineering and design researches.  

3.1.20  Architectural models  
Engineering models made of gold, silver, wood, and other sustainable materials enable the 
visualization of buildings in their original conditions.  

3.2  Modern methods of documenting and recording historical data 

3.2.1  Microfilm  
It is the sensitive film that is considered a miniature photographic recording of a written or 
printed text. This film can be presented on a bigger screen to enlarge the text and simplify 
reading it, and it requires specialized equipment often available at public libraries.  

3.2.2  Microfiche  
It consists of a flat film card that shows frames organized vertically or horizontally, and is 
usually the size of a typical card, that is 148 mm height and 105 mm width, each card  
having 60 frames in general.  
     The number of frames per card can be increased if the minimization ratio is increased, 
which depends on the quality of paper originals, the minimization ratio used, and the 
specifications of the equipment used, as each card can hold up to 3000 frames, also known 
as Ultrafiche.  

3.2.3  Total station  
Total station is used to find the plan and elevation projections of the building. It does that by 
using machines that calculate the coordinates after collecting them from several points inside 
and outside the building.  
     After that, it connects them to a computer device that uses a software package to connect 
these points.  

3.2.4  Laser scanning  
It is a modern method that uses laser beams to directly scan a body without a physical touch. 
This produces a three-dimensional point cloud of the scanned body that is then processed to 
produce a 3D model of the body.  

3.2.5  Photogrammetric  
Photogrammetry is known as the field of measuring or dimensioning using photos. It initially 
started as a method to add the third dimension to aerial photography maps, after that, it has 
been used in many other fields far from typographic maps. Single or double metric cameras 
can both be used in this method.  
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3.2.6  Close range photogrammetry  
A technology that is based on taking several shots of buildings’ facades using cameras and 
processing these shots using certain software packages.  

3.2.7  Google Earth & Map  
Historical maps can be obtained using Google maps, which has a feature that allows the user 
to go back in time and see what the maps looked like several years in the past. It also has a 
feature that allows browsing some sites and buildings, seeing inside some of them, and 
producing 3D models of some others.  

3.2.8  Global positioning system (GPS) 
A method of capturing spatial information of the Earth’s surface using satellite images, which 
has a distance that is further away from aerial photography. Yet, aerial photography differs 
in that it allows to produce a 3D model view.  

3.2.9  Geographic information system (GIS)  
It relies fundamentally on computer software packages that can combine information from 
different sources, producing to the user information that is broader and more accurate than 
those produced individually from the different sources. For example, these programs can 
combine ground information collected from Total Station with GPS information, and 
information from aerial and satellite images to enrich the knowledge of users and assist  
them – after processing those information – in gaining deep understanding of the studied 
phenomena and reaching an appropriate decision [8].  

3.2.10  Stereometrics cameras  
A method of taking photographs of 3D objects in order to measure them using pictures.  

3.2.11  Photometric camera 
This machine combines both photographic and metric documentation. It can be used to record 
information or send it directly to any place in the world, and it is used to define historical 
sites, process them, or archive their data.  

3.2.12  3D modeling  
Models that mimic reality can be designed using various software packages and electronic 
devices specialized in demonstrating 3D buildings, and such including architectural details 
and modeling it to reflect reality.  

3.2.13  Augmented Reality (AR) 
A technology that allows the transformation of 2D pictures into interactive 3D ones. It has 
also been defined by Yuen et al. [5] as a technology method that enhances real world through 
the content produced by computers. It allows seamless addition of digital content to realize 
the user’s perception of reality as 2D and 3D objects can be added, as well as video, audio, 
and text files. These tools can also work on enhancing an individual’s knowledge spectrums 
and their understanding of their surroundings.   

3.2.14  Virtual Reality (VR) 
VR is defined as an interactive 3D environment designed using computer programs. VR 
surrounds users and transfers them to an imaginary world that seems realistic (VR can be 
either imaginary or mimicking reality), and this reality can be interacted with through 
interactions between the virtual environment and the users’ senses and actions.  
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4  USE OF VIRTUAL REALITY (VR) 
Virtual architecture enables the individual to participate in designing the building by seeing 
it in the virtual reality environment, which fulfils one of the social needs, in addition to 
predicting the outcome of the final build, and the ability to move inside its voids and spaces 
in order to validate the building’s ability to fulfil its desired function. Digital void is part of 
the imaginative reality, as it creates different three-dimensional versions based on time and 
movement factors, and it constitutes one of the applied tools of virtual reality. The VR 
experience aims to enable the user to experience life inside the building, such that the user 
can walk inside the void designed by a computer and imagine its existence in the current void 
and interact with it. These applications fall under the realm of demonstrating architectural 
works and visualizing them in a way that benefits students and researchers.  

4.1  VR potential 

VR has entered many fields, some scientific and technological, such as engineering, 
medicine, design and arts. VR is considered one of the best tools that demonstrate ideas as it 
tests different environments in various locations and settings. In addition to using advanced 
technology with the aid of modern computer programs and software packages that test users 
and make them feel satisfied. AR and VR technologies are used in flight simulation for 
example, education and entertainment, and the medical, architectural and design sectors.  
     Gartner [6], the renowned global research and advisory company, has published its 2018 
annual report that details the expected “Hype Cycle” of modern technologies and 
applications. It predicts that AR and VR technologies will remain growing steadily despite 
challenges, and their sector will witness growth in various fields as shown in Fig. 1.  
 

 

Figure 1:  A graph illustrating Gartner’s curve of modern applications adoption cycle. 

4.2  The applied project  

After demonstrating the available archiving tools and information sources that assist in 
electronically archiving historical building in Makkah region, a historical palace was chosen 
as a model for historical buildings in Makkah, and it is one of the residential palaces that still 
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stand to this day (Bin Sulaiman Palace). This palace was built in 1935 AH, and it was owned 
by his highness Shaikh Hamad Al Sulaiman, the minister of state in the early days of Saudi 
Arabia. The palaces’ buildings were designed to fulfil the needs of such role, as there are 
residential buildings for the Shaikh’s family in the north wing, while the central buildings are 
devoted to hosting parties and ceremonies, hosting dinners, and for important guests to reside 
in. As for the building in the south side, its front section has been designated to official 
receptions and meeting visitors, while the guards and servants’ residences are in the back 
section. The annex seems to have been used for general services, as one can notice a space 
were the pumps room could be in the south-western section of the annex, and an “Iwan” 
(vaulted space) open to the annex’s own courtyard in the middle section.  
     The palace consists of three main building: northern, central, and southern, in addition to 
an annex attached to the southern side of the building. The building is surrounded by several 
outer yards and patios with doors opening to the buildings’ courtyards in the front section 
(west) and back section (east).   
     One can notice that the designer has taken the building site’s topographical nature into 
account and utilized it to the building’s advantage by benefitting from the natural ground 
incline. This contributed to the gradual distribution of voids and spaces in the buildings’ 
different floors, in addition to its reflection on the external building block.  

4.2.1  The palace’s architectural character 
The use of the traditional Hijazi architectural character, especially the Makkah character, is 
evident in the building (see Fig. 2). Particularly, it can be seen in the use of the “Roshan” and 
wooden windows finished with circular or straight ends, considering their different 
dimensions, sizes, and types based on the functions they serve.   
 

 

Figure 2:  Pictures of Bin Suleiman’s palace buildings from the outside. 

     The rise of the part that forms the ceiling is noticeable in the facades of the southern 
building, alongside the use of decorations and motifs in the northern one. One can also notice 
the use of colored brick in slabs and surfaces, as well as the chimney configuration and 
cylindrical ventilations for bathrooms and kitchens from the upper surfaces. Wrought iron 
was also used in the lower floors and open parts of the Roshan and windows for security.  
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     The building is rich with motifs and gypsum designs that came to existence through 
decoration works on ceiling screens, door and window frames, and interior ceilings. In 
addition to coloring and dying works and drawing on reception room and bedroom walls  
and bathroom domes. The building is a true architectural masterpiece reflecting a side of 
Makkah’s urban heritage in the middle of the 14th century AH [7].  

4.2.2  Project stages  
In this project, various methods and tools were used to archive the building using modern 
technologies, and to enable visiting it in the virtual world. The project started by using 
newspapers article, followed by a field visit to the palace, taking photograph of its interiors 
using a camera. After that, several storytellers were contacted to hear their description of the 
buildings and voids in that Era, then, academic researches and projects were used to collect 
engineering drawings and plans of the buildings as well as some vital information. Painting 
that visualize the building’s internal voids and the historical daily living were also used, in 
addition to visiting a personal museum to study historical artifacts. That information was 
collected in order to fully visualize the space in preparation to upload data to modern software 
packages and import them to virtual reality programs to produce a result, with the addition 
of icons that show some information about the pieces used inside the space. Fig. 3 shows 
those different stages. 
 

 

Figure 3:    The stages of the applied project and the courses of information used to achieve 
the final result. 

4.2.3  Discussion of results  
3D models of the palace were developing using the software: 3D Max 2018. Additionally, 
panoramic shots of the palace’s voids were taken and uploaded to Pantour Pro 2.5 KOLOR, 
a software that converts 360-degree pictures into a virtual environment that that can be 
explored through hotspots icons. When clicked on, a window appears displaying information 
about the piece or element inside the void from certified sources, or a link showing a painting 
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that contains the same element. This window can also be linked to other website in the web, 
making it easier for the learner to reach information and utilize them. Fig. 4 shows examples 
of those results. 
 

 

Figure 4:    A photo illustrating the use of virtual tour technology in Bin Suleiman Palace 
utilizing the function of extracting important information of the void by clicking 
on different icons. 

5  CONCLUSION  
Preserving the urban heritage became a historical human responsibility, in order to contribute 
to preserving the landmarks of the past for the future generations to see. Ever since humans 
became aware of the historical inevitability of the past, present and future they tried to try to 
register the present and preserve the past. As the cultural flow of global civilizations 
continues, the preservation of cultural identity has become a fundamental objective, which 
happens through the preservation of urban heritage.  
     This paper discusses traditional and modern ways and means of archiving historic 
buildings; to facilitate researchers and designers the access to the best way and method to 
study the urban heritage. Furthermore, this paper includes an applied part were several 
methods has been utilized to employ modern technology in the design of a historical building 
with a Hijazi identity, allowing to tour around the building and learn about its architectural 
elements using virtual reality technology. 
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6  RECOMMENDATIONS  
Emphasizing employing modern technology in the public education curriculum that are 
concerned with the transfer of heritage and identity. Utilizing modern technology in guiding 
future generations towards strengthening their national identity. The necessity of electronic 
archiving of urban heritage to include audio, visual, written and verbal aspects. 
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ABSTRACT 
The gradual deterioration experienced by the railway in the mid-20th century precipitated the 
dismantling of a great part of the once dense rail network, which articulated Europe and many of the 
most industrialized countries in the world, leaving a large set of infrastructures and buildings in disuse. 
In just a few decades since the closure of these lines, the existing number of buildings that formed these 
infrastructures has been decreasing alarmingly. From an academic point of view, most of the papers 
deal with the reasons for the continuous disappearance and destruction of railway heritage. The object 
of this article is to expose the main factors that have favoured the conservation of the buildings of those 
lines that have fallen into disuse, approaching from another perspective the vision of a reality in which 
both social and cultural aspects will play a role as relevant as architectural, technical and constructive 
ones. These lead us to the following question: Why are they still standing? To answer this question, 
more than 231 buildings from six disused railway lines which share similar characteristics, are close to 
each other and were part of one of the densest railway networks in Europe, such as the one in the Basque 
Country, have been analysed. Among them, the railway line of the Urola will stand out, due to its 
general state of preservation, experimented in the number, quality and conservation of its built elements. 
In this paper, we will present the different evidences why this line, coeval and analogous to the others 
and whose original buildings have remained almost the same, presents so different results from the rest. 
We will also determine and quantify the different indicators that could be relevant to define the possible 
level of recovery of the railway heritage in case of a hypothetical, future intervention, that could be 
extrapolated to the rest of the cases. 
Keywords:  dismantled railway network, former railway buildings, heritage management, collective 
identity. 

1  INTRODUCTION 
The value of the inherent historical, artistic and cultural heritage of the railways is not enough 
to ensure the survival of these elements and infrastructures [1], [2]. This article is framed in 
the context of a research that aims to develop a methodology that makes possible to 
“quantify” the potential or the real possibilities that disused lines have of being reused. That 
is, of being activated to serve society again [3]. In a comparison that showed the evolution of 
the state of conservation of the built heritage in closed railway lines of the Basque country, 
which are, among other things, close and similar to each other, it showed the relatively good 
state of general conservation that one of them presented with respect to the rest. 
     All of them were lines with regular passenger service and served an orographically 
complicated territory in mainly urbanized multi-centered urban regions [4]. These were built 
at the end of the 19th century and the beginning of the 20th century, of metric width, of 
regional character “valley railways” and of less than 150 km in length, being the average 
length less than 60 km/line, with at least 30 years out of service. It is worth noting the great 
proximity between them, converging all of them in a radius of less than 25 km, which 
guarantees couples or similar situations in different areas (economic, social, cultural, 
orographic, climatic and environmental...). 
     In the following comparison, 231 initial buildings are presented, classified according to 
three state of preservation: 
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1. State 1: Disappeared. 
2. State 2: In danger. Damaged; extensively damaged; in decay; collapsing. 
3. State 3: Out of danger. In an acceptable state; refurbished or not. 

Table 1:    Data extracted from the comparison of the state of conservation of the built 
heritage in former railway lines. (Source: Llano, 2014.) 

Railway 
line 

Length 
km 

Years 
closed 

No. original 
buildings 

State 1 State 2 State 3 

A 143 52 86 46 15 25 
B 22.7 44 18 16 1 1 
C 36.6 33 46 13 6 27 
D 11.7 59 8 8 0 0 
E 84.15 59 32 22 3 7 
F 51.5 63 41 37 1 3 

Total  – 231 142 26 63 
 
     It should be noted that the C rail still retains more than 70% of its buildings, compared to 
an average of 61.5% of disappeared buildings per line. In other words, the average of 
buildings preserved per line is reduced to a scarce 38,5%. In addition, the C rail retains in its 
entirety the main buildings of the infrastructure, its 13 stations, as well as its 29 tunnels and 
20 bridges, most of them in a good state of conservation. The C line, therefore, not only has 
the highest percentage of the best-preserved buildings, but it is also the line that has 
maintained in the best state the most relevant elements of the whole that form the 
infrastructure in its entirety: the Urola railway [5]. 
     Due to this difference relevant to the rest of the cases analyzed, not justifiable only 
because it is the line that has spent less time in disuse, this work raises the causes that may 
underlie this reality and may affect the assessment process of the potential that disused 
railway lines can hold as a whole [6, pp. 66–67], in order to face a possible reuse of them. 

2  METHODOLOGY OR HOW TO PROCEED 
What factors have been able to intervene in this line so that most of the buildings that make 
it up, including all of its stations, still remain standing? The answer must also be sought in 
areas that may go beyond the technical–constructive factors, widely studied by other works 
[7, pp. 18–20], [8]. 
     Hereunder, it is detailed the procedure that has been followed when analyzing the degree 
of incidence that can have a factor that is not often incorporated in the description of the 
process of deterioration of a building, beyond the presumed deterioration due to lack of 
maintenance and abandonment of the element: the human factor. This should be addressed 
through an analysis that includes the entire line, that is to say, it should take into account the 
set of architectural elements that form this linear infrastructure throughout the territory, and 
that generally, are grouped around a main building or station. 

2.1  Different aspects that affect the deterioration/disappearance of a station 

What causes the decay of the buildings within a railway without use? What enables or 
disables their conservation? In the following lines we will analyse the main causes that can 
bring about the decay of a building, as well as the stages of this process. 
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2.1.1  Technical–constructive aspects 
This area includes those derived from the used constructive system, materials, design, 
execution, and the response or behaviour and suitability that they offer against the 
deterioration that may occur over time, the continuous use or disuse, climatic agents, 
adequacy to the terrain etc. where two types of factors that can influence the deterioration of 
the element will be highlighted: internal/external. The former refer to factors of deterioration 
that only depend on the suitability of the construction itself to face the benefits and services 
that are presupposed, as well as adaptation to their environment. This section will analyze 
the main pathologies that have the greatest impact or threat to the survival of the building, 
with the aim of identifying possible differences that may exist between the Urola line and the 
rest of the biomass lines analyzed. On the other hand, external factors are those factors that 
affect the deterioration of the element as pathology, not attributable to the building itself, as 
are the progressive deteriorations caused by the human factor, which will focus on the 
following section. 

2.1.2  The incidence of the human factor and socio-cultural aspects 
The structure, materials, typology and arrangement/composition of a building can be the most 
important aspects of its functional lifespan, but there are many other variables that can  
have a bigger influence than the previous technical and structural factors. Among those 
factors we can find the levels of social awareness and closeness between the society and 
heritage [9, p. 3].  
     This section seeks to assess the degree of incidence of the human factor or society in both 
the deterioration and the conservation of these elements [10] by trying to know the level of 
identification of the inhabitants of the territory with the heritage element in question, the 
former railway line and its buildings. 
     On the one hand, within the phases of constructive deterioration that a building presents 
since it falls into disuse, it has also been analyzed the degree of incidence that the human 
factor plays as mitigating in the deterioration of the building and that are common to all the 
lines studied, through the following classification and criteria [9, pp. 12–13]: 
 

 

Figure 1:  Scheme of applied methodology. 
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     The human factor in the constructive deterioration of the buildings: Just as has happened 
with the extensive industrial heritage that has been left without use, if not in a more 
meaningful way, the architectural railway heritage consists of a group of elements that have 
suffered the continuous impact of human actions. On the one hand, because the particular 
characteristics of the built elements make them easily accessible, because they comprise an 
unprotected or weak group elements scattered across the region, or because as towns and 
cities grow, the stations tend to be located close to densely populated areas with high strategic 
interest, within the reach of the effects of human actions. With the aim of studying the 
influence of humans in the decay of these buildings, this phenomenon appears soon after the 
building is left without use, and, at least in the case of the stations analysed, it can be 
summarized in the following 4 phases/stages: 

1. First stage/phase: the first signs of damage appear on the external side of the 
building without use, such as graffiti on the facade, as well as damage on glass 
panes/windows and frames. 

2. Second stage/phase: the first seepage takes place in the building, and in 
consequence, the first damage occurs, especially on furniture and goods. The 
plunder of elements that can have some value takes place, as well as the destruction 
of the rest of the objects that might remain there. Broadly speaking, this is the first 
damage that can cause the reduction of the lifespan of the building. This stage, that 
is, the first seepage gives place to a constant and faster decay of the building, unless 
the continuous seepage is stopped. 

3. Third stage/phase: continuous seepage will happen on a sporadic/ 
intermittent/regular basis and the internal structure will suffer initial damage. The 
duration of the seepage can be longer, and the damage caused by it will be more 
severe. The damage suffered in this stage can be caused by a wide range of sources, 
such as attempts of arson, or the theft of structural elements and building services 
components in order to reuse them. The collapse of the building has already started 
and when this damage affects the state of the roof that protects the building from 
rainwater, this will be left without protection against damage by external natural 
causes. 

4. Fourth stage/phase: As it has been mentioned in the previous section, when the roof 
of a building is damaged and the seepage of rainwater begins, the constant 
deterioration of the internal structure and floor slabs takes place, and along this, the 
worsening of the decay process of the building, the disappearance of usefulness 
conditions, a lack of security. Finally, as the perimeter bearing walls are strong, the 
roof will end up collapsing into the interior of the building. 

     On the other hand, it is intended to relate the degree of impact that can have on the 
conservation of these buildings, the level of identification that a certain community presents 
with respect to that built heritage, taking into account the following four indicators: 

 The general state of conservation presented by the set of elements that form the 
heritage, in this case, the railway heritage, of that specific territory. 

 The diverse cultural expressions around the railway heritage in question. 
 The number of citations and references in publications, press, digital media, etc., in 

which the railway heritage in question is mentioned, since it fell into disuse. 
 The collection of direct opinion through field study: surveys and questionnaires. 
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     From an objective point of view, it is difficult to quantify or measure something as 
complex as the degree of identification of a community with its railway heritage. The above-
mentioned indicators will try to approach this reality from different perspectives. The first 
three indicators are presented as evidence that can bring us closer to a reality that will end up 
being reflected through a survey or direct consultation with the population served by the 
railroad. For this, we have proceeded to the development of a simple questionnaire directed, 
on the one hand, to the generations born in the territory in which the railroad served, but they 
have not known it in operation, that is to say, under 33 years (spectrum 15–33), and on the 
other hand, those generations that have known the railroad in service, that is, the population 
sector with age over 33 years. The questionnaire includes five questions with which it has 
been tried to achieve among others, the following objectives: 
 

Degree of awareness and identification of citizens for their railway heritage. 
Degree of involvement or commitment to their railway assets. 
Degree of transfer of values and generational memory of those who knew the 
railway service in progress towards those who have known it only in disuse. 

 
     The five questions with a double answer system, yes/no and agreement level from 1 to 5, 
have been formulated in the following way: 

1. Do you believe that the Urola railway, while it was operational, helped to the 
development of the Urola region? (YES/NO). In what level? (1–5). 

2. Do you believe that the Urola railway is part of the historical memory of the region? 
(YES/NO). In what level? (1–5). 

3. Do you believe that the Urola railway is part of the identity and character of the 
region? (YES/NO). In what level? (1–5). 

4. Do you think it would be good to develop strategies aimed at reactivating the railway 
heritage of the region? (YES/NO). In what level? (1–5). 
Would you be willing to (be part of/integrate into) a process in which a plan for the 
reactivation of this heritage-infrastructure will be agreed and promoted? (YES/NO). 
In what level? (1–5). 

3  RESULTS: NOT ONLY THE CONSTRUCTIVE SYSTEM 
The application of the guidelines previously described in the case of line C, the Urola railway, 
offers the following results. 

3.1  Distinctive characteristics of the construction system: reinforced concrete,  
instead of wood 

After carrying out the analyzes related to the technical–constructive aspects, we can conclude 
that in technical and architectural terms, this type of buildings, medium and small typologies 
of railway stations, are built well and strong, though their weakest point is the roof. Since 
water is the natural factor that can have the most harmful effect on the building, it is essential 
for the building’s survival that the external layers that offer protection against water are able 
to continue performing their function. 
     The effects of any structural (pathology) are greater on the roof than on any other 
structural elements of the building, especially since they can lead to occasional seepage which 
may turn into continuous one as time passes by. In fact, the damages resulting from not 
repairing them will have a direct impact on the internal wooden structure of most of the 
railway stations built at the end of the 19th century and the beginning of the 20th century. 
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Even though the external bearing walls of this type of building are capable of supporting the 
load of the roof adequately, the internal wooden structure, damaged by the continuous rain 
seepage, fails to do so. 
     Consequently, as the interior wooden structure is unable to withstand the strain, these 
buildings tend to collapse inwards. Therefore, as it has been mentioned, water will be the main 
and most detrimental damaging cause among the natural factors and the roof will be the 
weakest part of the building, making it the first one to be protected so as to ensure the 
preservation of the building. Therefore, the unusual [11, p. 339] construction system used by 
Cortazar [12] in his railway stations has become a crucial factor and, together with the 
construction materials linked to this system, it can play an important role in the survival of a 
building without use or any sort of maintenance.  
     One of the reasons why such a large number of buildings has survived to our days in the 
railway of Urola as opposed to the destruction of heritage that has happened around them and 
especially in the Gipuzkoan side of the rest of the railways, which have been closed for more 
than 30 years and have undergone no restoration process, may lie in their internal concrete 
structures, and above all, the fact that the roof beams and the roof itself are made of reinforced 
concrete. Even though the roof of many buildings suffer from rain water seepage, the 
behaviour of the concrete in the presence of this seepage is better than the wooden structures’, 
in terms of ensuring the protection and support of the rest of the building. However, the 
continuous entrance of water into a building leads to very harmful consequences, and the 
destruction of the building in the short term. In the case of Urola, the concrete has postponed 
the decay of the building a few years, and the main reason why the substation of Vascongados 
in Bergara (Railway line B) has not disappeared yet could be to a great extent its reinforced 
concrete internal and roof structures. 

3.2  Degree of incidence of the human factor in the conservation or disappearance of the 
built railway heritage 

When the human factor is included in the decay process of the railway heritage, it becomes 
undoubtedly the activity with the greatest impact. If its influence on the disappearance of the 
heritage is to be studied, the continuous expansion policies of cities, which are often far from 
meeting the demands of the society, and the new infrastructures that will serve them have to 
be taken into account. In fact, the loss of many railway infrastructures and architectural 
elements come as a result of the excessive urban growth our country has sustained in the last 
decades, and the resulting pressure from the real estate business and the substantial profits 
stemming from it. Sometimes, this loss was unavoidable, but on most occasions this came 
about due to a lack of awareness, culture of reusing, and willingness. Thus, most of the 
buildings left without use that were located in towns and cities have disappeared 
progressively. 
     Therefore, among the factors that have brought about the decay, destruction 
and disappearance of the architectural railway heritage, rather than the materials and systems 
used for its construction, in other words, the design and suitability of the building to resist 
the effects of the weather, it is humans that represent the main factor that speeds up the 
deterioration of these buildings. According to its influence described before and according to 
the analysed cases, these are in general the different stages of the decay of the disused railway 
building: 

1. Lack of use. 
2. First external damage: 
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2.1. Superficial damage: Graffiti/appearance of. 
2.2. Deeper damage: breakage of windows/deterioration of frames. 

3. Break-ins: 

3.1. First break-ins, theft, material damage. 
3.2. Continuous or repeated occasional short but harmful occupations, first fires, 

burglary, and damage to the buildings. 

4. First damage to the building skin or envelope, especially the roof: first seepage. 
5. Continuous deterioration of the internal structure. 
6. Collapse of the roof and quick and total destruction of internal spaces. 
7. Disappearance of construction elements above ground level. 

     Notice that in order to avoid the security issues that these situations can cause, in many 
cases the administration in charge of the maintenance of the building has opted for its 
demolition. 

3.2.1  The phenomenon of “occupation” 
The “occupation” of the building, turns out to be a rather unfortunate option for the element 
that has to be protected, even though there might be the occasional exception here as well. 
We must take into account that this situation is not a phenomenon confined to our present 
time, since it is a phenomenon that started a long time ago in our society. An occupation 
comes about to a certain extent as a result of the needs of a group of people that are also part 
of the society. In most cases, it takes place when there is a lack of use of a building, and there 
are two factors involved in this process: the neglect of the heritage by the owners and the 
people who take advantage of the possibilities this situation offers. There are many stations 
in our railways in this state of occupation, and even though the impact this situation can have 
on the building is generally speaking harmful, there are some exceptions in which the 
occupants have taken on the responsibility of maintaining the building. However, the 
instability of this type of situations can be a hindrance that prevents the occupants from 
developing a proper sense of responsibility towards the building they are occupying. 
According to this, we can distinguish two types of occupations: the responsible and 
irresponsible towards the building. Either way, this situation that railway buildings have to 
go through has detrimental effects on the architectural heritage, and it can be said that, 
generally speaking, actions that are not regulated and are carried out without a plan that can 
provide a certain degree of stability are far from beneficial to the heritage. 
     Eight of the 33 railway buildings that remain in the valley of Urola are in the 
aforementioned state, which account for almost a quarter of the railway heritage. To make 
matters worse, many other buildings, Aizpurutxo station among them, have been through this 
situation before and they are still under constant threat. Unfortunately, the lack of continuity 
of this occupation that could provide a certain level of stability to its active users which 
usually results in some slowdown in the process of deterioration of the building, and the 
negligence of the public owners, have left the building without use, condemning it to its 
current lamentable state. 
     Considering all the aforementioned, we should bear in mind that, in the end, the 
occupation of buildings shows a lack of ability of the authorities/public ownership to promote 
different proposals and projects in order to offer the usefulness this buildings can offer to 
society or to take advantage of their restoration, and that they are the result and reflection of 
the lamentable state of the built heritage. 
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3.2.2  The identification level of the society with its railway heritage 
On the other hand, even though it can be decisive in the disappearance of the railway heritage, 
the human factor also plays a crucial role in the challenge of the survival of these heritage 
poses, a role it will continue playing in the following years. The clearest evidence of this 
assertion is the survival of the buildings in the railway of Urola. Even though the buildings 
in the railway of Urola have been out of service for a shorter period of time than the rest of 
the railways, 30 years, the most decisive factor in their survival, apart from the fact of their 
structure being made of reinforced concrete, would be the extraordinary level of social 
awareness and closeness between the society and this heritage. The clearest evidence of the 
existence of this factor is the survival of almost the whole of this infrastructure since it had 
been left without use to these days, being the station of Urola in Zumarraga the most 
representative example. This building that is strategically located in the square of the stations 
and parallel to the Urola river has suffered the effects of the growth promoted by the real 
estate market, and different urban developments have surrounded it in the last decades, with 
almost no space to breathe as a result of an urban development that seems totally 
forced/contrived. Although the station building was a clear obstacle to these developments, 
the main building and the neighbouring toilets that serve the former have remained unaltered, 
including the railway infrastructure, thanks to the strength shown by the social movements 
in favour of these infrastructures that emerged from the controversial closure of the railway 
of Urola. In fact, this valley never refused to restart making use of this infrastructure, showing 
this willingness clearly in the following years and decades [13]. The refusal to give up on 
this willingness is one of the main reasons why these buildings still survive nowadays. As 
decades passed by and without any clear commitment of the Basque Government on the 
future of the railway, many councils of the valley fostered different initiatives in order to 
protect these elements on their own.  
     However, these initiatives were not based on a global perspective that could be more 
enriching and help them come closer to their goals. Thus, while the worthy station of the 
railway of Vascongados in Zumarraga, built at the end of the 19th century and located just a  
 

 

Figure 2:  Current situation of the Zumarraga former railway station. 
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few steps away from Urola station, was demolished at the end of the 1990s, the station of 
Urola would remain unaltered. Among other reasons, the demolition of this building would 
be seen as the first step of a process that would destroy the wish of the inhabitants to see the 
railway infrastructure of the valley that they were so attached to back in operation. So the 
building remained unaltered to a large extent, among other possible reasons, because they 
didn’t want to be the first town of the region that would cause the admission of that reality or 
become responsible for the fact that this shared desire [14, p. 276] cannot be materialized any 
more. 
     This factor would have a great influence on the rest of the towns of the valley for which 
the railway provided service and different initiatives were developed in favour of the 
protection of these buildings and infrastructures. 
     The results obtained for the survey whose objective is to collect the degree of 
identification and sensitization of society to this industrial heritage are presented in Tables 2 
and 3. 

Table 2:    Results from the questionnaire applied to the inhabitants of the Urola region with 
an age between 15 and 33. 

 1st Question 2nd Question 3rd Question 4th Question 5th Question 
YES 230 230 230 230 169 
NO 0 0 0 0 61 
1 0 2 6 2 3 
2 7 13 20 15 30 
3 65 59 90 55 54 
4 111 90 79 76 44 
5 47 66 35 82 38 

Table 3:    Results from the questionnaire applied to the inhabitants of the Urola region with 
an age over >33. 

 1st Question 2nd Question 3rd Question 4th Question 5th Question 
YES 185 185 185 182 140 
NO 0 0 0 3 45 
1 0 2 5 4 5 
2 3 2 9 6 10 
3 30 14 34 33 36 
4 60 45 56 46 31 
5 92 122 81 93 58 

 
     The results of the first three indicators analyzed, evidence a clear social implication for 
the defense of the railway heritage. Nevertheless, it is necessary to apply all the proposed 
indicators. Thus, the data that is derived directly from the results obtained in the survey 
indicate, among other things, the following: 

 The level of awareness and identification of the inhabitants of the Urola valley with 
their railway heritage is very broad, both on the part of those generations that could 
see the railway in operation and on the part of those who could not see it. 
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 The sense of identification, awareness and collective memory for this heritage-
infrastructure has been transmitted to the following generations and this 
transmission has been made from multiple ways that exceed the family. And this 
transmission has also occurred in the young descendants of people who, not being 
autochthonous in the valley and therefore not having been users of the rail service, 
decided to settle in the valley. 

 In response to the fourth question, a large majority of respondents believe that it 
would be positive to develop strategies aimed at reactivating the railway heritage of 
the valley. 

 According to obtained data, the degree of social involvement and commitment for 
the promotion of projects aimed at ensuring the permanence of the railway heritage 
of the valley is high and this sensitivity has also been collected by its young people 
who did not see that train in operation [15]. Analyzing the results of the last question, 
perhaps the most relevant of all insofar as it appeals to the willingness to devote real 
time and effort, that is, it probes the potential involvement of society with its 
heritage in possible future laying projects in value, the results of those who have 
answered affirmatively to this question exceed 70% in both population segments. 

     These data do not come but to reaffirm the previous three indicators proposed. It would 
be pending to apply this questionnaire in the rest of neighboring territories with disused 
railroads to be able to establish a direct comparison on the obtained results. However, it 
should be noted that by applying the three previous indicators, a greater awareness and 
identification of the society of the Urola region with its railway heritage is clearly visible, 
which is why it has been chosen as a case study compared to the rest. 

4  CONCLUSIONS: THE KEY IS IN THE SOCIAL AWARENESS LEVEL 
Due to everything mentioned previously, referring to the initial question about the factors 
that may have influenced the main buildings that are part of the railroad in disuse of the Urola 
still stand or have not disappeared, we must highlight two. 
     On the one hand, the success in the chosen construction system, in which in the absence 
of pillars, the integral structure of the roof, the interior slabs and the interior structure of the 
building are executed in high quality reinforced concrete, extracted from the nearby quarries 
of the valley itself, replacing the traditional wooden structure and allowing the extension of 
the useful life of the building, as the structure is more resistant to the main pathologies that 
affect these buildings in disuse. However, this technical-constructive aspect is not the only 
reason for the non-disappearance of the majority of buildings that are part of the infrastructure 
in the case study. The vast majority which is located in urban or peri-urban areas is subjected 
to the same high speculative and immobile pressure that in any of the other analyzed lines 
have involved the unconditional demolition of the railway buildings. 
     This study highlights that, among the reasons for the decay of the architectural railway 
heritage, the impact of downtime of the infrastructure has been without use/out of service is 
as important as the systems and materials used in the construction of these elements. And 
even more important would be the level of social awareness and identification with these 
buildings of the people of the region where these were located. 
     This is the true relevant factor that would explain the non-disappearance and exceptional 
state of general maintenance of the set of buildings that make up the railway infrastructure 
that fell into disuse more than 30 years ago in Urola valley. If we understand this, we can 
reorient the policies of heritage management to emphasize their efforts to maintain and 
enhance the degree of identification that society has to their heritage, through awareness and 
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disclosure. It is in these foundations on which future strategies of intervention and recovery 
of railway heritage have to be located, from a joint and integrating vision of all the possible 
assets that are part of the set of elements to be reactivated, we speak of a symbiosis between 
heritage resources and the social assets. 
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ABSTRACT 
The high-rise building appeared as a constructive tendency in the 20th century. It also stood out in this 
period the researches for new materials and traditional materials applied in innovative ways. The stone, 
for example, began to be adopted as slabs, as part of cladding systems in modern buildings façades. 
This shift has raised the question of how to conserve this material as part of façade systems, a subject 
underexplored in the Conservation Technology field. Moreover, there are difficulties imposed to the 
inspection and monitoring of high-rise buildings façades. In this context, it is proposed to investigate 
the conservation of stone cladding systems, its characteristics, behaviour and cause and effect relations 
that affect its ageing. For that, it is adopted as case study the Brazilian Palace of Congress, specifically 
its 28-story towers. Conceived in the 1960s to be the highest building in the capital, it presents the white 
marble as one of the elements that confer unity in the modern set of the Palaces of Brasilia. In order to 
characterize the object of study and its state of conservation, the damages were mapped according  
to the procedures: i) capture of images by means of a digital camera conducted by Unmanned Aerial 
Vehicle (UAV); ii) digital processing with generation of orthomosaics; and, iii) damage vectoring. 
Despite the obstacles during the capture of images, such as adverse climatic conditions and the inherent 
characteristics of marble slabs (white and highly reflective surface, natural pattern easily mistaken with 
pathological manifestations), the procedures were effective in meeting the proposed objectives. Finally, 
the information obtained will be used in the subsequent stages of analysis and intervention proposal, as 
intended to contribute to the conservation actions regarding the marble cladding system, and the 
safeguarding of this remarkable example of modern heritage. 
Keywords:  modern architecture, high-rise buildings, façade systems, marble cladding systems, estate 
of conservation, UAV, Brazilian Palace of Congress. 

1  INTRODUCTION 
The high-rise building was consolidated as a constructive trend in the 20th century, driven 
by advances in the calculation of structures and foundations, the invention of the elevator and 
the development of building materials such as steel and reinforced concrete [1]. In the  
scope of the researches with materials, stands out the shift in the way of using stones at 
constructions. From the prevailing use as blocks in walls, columns, foundations and arches, 
with the evolution of the techniques of anchoring and processing, it began the adoption of 
the slender slabs of stone integrating cladding systems on large façade surfaces. 
     In the Brazilian case, stands out the fundamental role of the stone cladding systems in the 
expression of the Palaces of Brasilia [2]. In this unique context, the marble gives the white 
of prominence and, at the same time, cohesion of the buildings in the landscape of the 
Esplanade and civic square. 
     The studies on stone conservation focused on the material are predominant in the 
Conservation Technology field, which leads to inconsistent diagnoses when considered  
the system as a whole. Due to the relevance of stone cladding systems in the 20th century 
architecture and the lack of a full understanding of the degradation processes, it is urgent to 
investigate methods and procedures aimed to their conservation. 
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     In this context, the objective of this article is to present a method of analysis to support 
the investigation of the state of conservation of marble cladding systems in modern 
architecture, particularly the typology of high-rise buildings. Specifically, the paper will 
present the physical survey stage through Unmanned Aerial Vehicle (UAV), 
photogrammetry and prospectings. The proposed procedures aim to survey the 
characterization and the state of conservation of the studied system, including the dimensions 
and functions of each layer. 
     In order to test the developed method, it was chosen the marble cladding system of a 
notable example of modern architecture: the Brazilian Palace of Congress. The white marble 
installed in the gables of the twin towers, created to be the highest ones in the capital [3], has 
great relevance in the context of the construction of Brasilia. However, there is a lack of 
detailed information on the physical (technical and constructive) aspects of the system, the 
conditions of use and exposure and its state of conservation, in order to base future actions 
of conservation and maintenance. 
     It is expected a contribution to the repertoire of inspection and analysis techniques in  
high-rise buildings by means of UAV and photogrammetry, in order to monitor, in the scope 
of preventive maintenance, the stone cladding system of the object of study – with the 
possibility of transposition to similar cases. 

2  THEORETICAL FRAMEWORK 
In view of the relevance of stone in modern architecture, further study on how to conserve 
this material as part of a façade cladding system is necessary. Several researches such as 
Oliveira [4], Frascá [5], Haas [6] and Aires-Barros [7] approach the theme from the 
perspective of the chemical processes of alteration in stone material, with emphasis on  
the stone blocks instead of the stone used in coating. 
     As for the methods and techniques of high-building’s façade inspection, the difficulty in 
accessing some areas is one of the challenges imposed to the realization of the necessary 
surveys. In these cases, the UAVs are an alternative considered promising [8], [9]. 
     The use of this tool in the field of Architecture and Engineering has been the subject of 
several studies, as it can be adopted to manage construction works, to inspect façades and to 
survey and measure architectural elements. Regarding the studies about its application as a 
support to the damage mapping, we highlight Melo Júnior [8] and Córdoba [10], who 
associate the technique with short-distance photogrammetry; Tondelo and Barth [9],  
who analyse constructive aspects and pathological manifestations of industrialized façades; 
Kim et al. [11], who adopt the digital processing of the images obtained for the identification 
of cracks in concrete structures; and Ham et al. [12], who present a bibliographical review of 
the most recent inspection methods adopting UAV. 
     In the photographic survey, the images generated to produce damage maps must have 
pixel size (PS) according to the level of precision required. For digital cameras, the resolution 
depends on the number of pixels, the size of the digital sensor, the distance to the object and 
the focal length [8]. In addition, the camera parameters that influence the image accuracy 
(focal length, aperture, exposure time and ISO sensitivity) must be set to the local conditions. 
     The distance between the camera and the building should be as minimal as possible, once 
assured the safety requirements related to the equipment and, especially, the built heritage. 
Tondelo and Barth [9] established this distance in 80 cm for an analysis of a building 
envelope with only three floors, and Melo Júnior [8] recommends 3 meters and suggests the 
prior calculation of the distance between photographic takes. 
     Once the images have been obtained, they must be prepared for damage identification 
phase. In the field of Computer Science, the area of Computer Vision studies the methods for 
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the automated extraction of information from images, with emphasis on digital 
photogrammetry, specifically Dense Stereo Matching (DSM) [8]. 
     Groetelaars [13] classifies DSM as the latest evolution of the automated photogrammetric 
techniques to obtain geometric models, based on the automatic correlation of sets of 
homologous pixels in different photos for the generation of the so-called “point cloud” 
orthoimages, that is, two-dimensional products obtained by the orthographic projection of 
the geometric models. 
     Another line of study in the Computer Vision is based on techniques of automatic 
extraction of characteristics or attributes of an object. In this context, Melo Júnior [8] 
investigates the extraction of information on pathological manifestations in façades through 
digital image processing, while Costa and Amorim [14] applied a methodology for mapping 
damages from digital photogrammetry. The actors conclude that the use of orthoimages for 
the production of damage maps gave more speed and rationality to the work, although it did 
not dispense the complementary surveying such as prospectings and laboratory tests. 

3  PROPOSED METHOD 
The method of analysis of the state of conservation for marble cladding systems was 
developed by means of bibliographic review on the topics of stone conservation – including 
existing conventions to identify damages such as IPHAN [15], ICOMOS-ICS [16], UNI 
11182 [17], and NORMAL 1/88 [18] – methodologies of risk analysis as BS EN 60812 [19] 
and building monitoring and inspecting as in ASCE [20], ASTM [21], Cóias [22], Tinoco 
[23] and Lichtenstein [24]. The proposed method is divided into three stages:  

1. Surveying, which includes procedures for the identification and characterization of 
the object of study and its state of conservation, by means of research on the history 
of the building and physical surveying; 

2. Analysis of the state of conservation, with identification of failure modes, their 
causes and effects, the Stress Zones and prioritization of damages; and, 

3. Elaboration of the conservation scenarios, which include the historical representative 
scenarios, in the present condition and as future trends of the state of conservation 
of the system under study. 

     This paper emphasises the surveying phase, more specifically the physical surveying by 
means of UAV, digital photogrammetry and prospectings, as detailed below. 

3.1  Survey of data 

The objective of the surveying phase was to collect the necessary information for the 
technical characterization and the state of conservation of the studied system, including its 
components and layers, its dimensions and functions, according to the recommendations of 
the BS EN 60812 [19]. For this purpose, procedures were adopted for the research on the 
building history and for the survey of physical aspects and state of conservation. The history 
survey is based on the anamnesis procedures, that is, the observation process of the building 
timeline in order to understand the damages [23]. This step aims to obtain information about 
the marble cladding system state of conservation by surveying its historical narrative as part 
of the building, from the construction activities to the interventions undergone. 
     The physical surveying, on the other hand, is the research for the current situation of the 
studied system by combining the following methods and techniques: the capture of images 
using UAV, the generation of orthoimages of the façades by means of digital 
photogrammetry, and damage vectorization per CAD (Computer Aided Design) tool. The 
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phase starts from a preliminary surveying (general inspection) by the means of visual analysis 
and photographic records, which provides recognition of the façade’s typology, the general 
aspects of the system, the exposure conditions and the damages of easy detection, in order to 
enable the planning and definition of the approach to the next phases [21]. In this sense, 
procedures such as laboratory tests and prospectings can contribute to the collection of data 
for evaluation, analysis and recommendations [20]. 
     The inspection of façade systems in the high-rise building typology adds the difficulty of 
access all sections of the façade, which is why the UAV is adopted to capture images. The 
photographs obtained, besides the damage mapping support, consist of photographic 
documentation for recording the current state of the study object. 
     Flight planning for image capture should be based on the purpose of the surveying,  
the type of processing and the accuracy expected, and involves the equipment selection, the 
analysis of the surroundings, the definition of day and time with favourable conditions to 
flight and photographic takes, the definition of the camera distance to the building, and the 
determination of the images overlap and the distance between the photo shoots as well. From 
the photographs obtained, the models are generated by DSM. The orthoimages of façades, 
the digital processing products, support the consolidation of the physical surveying of the 
building, specifically the façade system studied, and the production of damage maps. 
     In the sequence, the pathological manifestations and interferences in the system are 
represented graphically by means of vectorization in CAD tool. The identification is based 
on pre-established concepts and graphic conventions. Finally, in situ prospectings is foreseen 
to obtain detailed information for the characterization of the system. 
     The physical surveying obeys a sequence of steps, according to the flowchart in Fig. 1.  
 

 

Figure 1:  Flow chart of the physical surveying phase. (Source: Author, 2019.) 

4  PRESENTATION AND DISCUSSION OF RESULTS 
In order to test the method, the Brazilian Palace of Congress was chosen as the case study, 
specifically the white marble cladding system in the gables of the towers, within the thematic 
focus proposed. 

4.1  Case study: the marble cladding façades of the Brazilian Palace of Congress 

The Brazilian Palace of Congress is the set of the horizontal block, the Main Building or 
“Edifício Principal” – which supports the domes that mark the plenary of the legislative 
houses – and the two towers that are a vertical landmark on the horizon. The white marble 
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installed on the tower gables is a typical element of the niemeyerian expression in the context 
of the monumental Brasilia conception. The 28-storey towers in steel and concrete structure, 
with Northwest and Southeast solar orientation, have gables of 980 m² coated with marble. 
     The façade system consists of a coating layer of polished white marble slabs (approx.  
40 cm x 81.5 cm.), with fixing pattern defined by the slabs joints (approx. 2.3 mm thick), 
vertically interleaved and horizontally aligned. The gables also have horizontal joints of 
movement of about 21 mm. 
     For methodological purposes, the façade panels of 10.35 m x 3.25 m delimited by the 
movement joints of each pavement configure the regions to be investigated and analysed in 
the application of the method, adding up to 30 regions per gable. It is important to notice that 
the dimensions of regions and slabs vary on the basement and top areas of the towers. There 
is also a variation on the edges of the façades with curtainwalls (southwest and northeast) of 
both towers, where the marble slabs have about 27 cm of width. In the sequence, there are 
the results for the studied object according to the sub-steps of image capture, digital 
processing and prospectings. 

4.2  Image capture with UAV 

The photographic surveying procedures were carried out, starting in December 2018, at South 
tower’s gables of the Brazilian Palace of Congress. The North tower was not included due to 
restrictions imposed by the department responsible for its administration (intervention 
services on the façades were in progress, in the scope of Public Notice 036/2017 [25]). 
    At that time, the UAV DJI Phantom 3 Pro was used, but the images obtained did not meet 
the quality required to identify the damages in the system, which led to new surveying with 
the DJI Phantom 4 Pro, equipped with built-in digital camera. The camera’s technical 
specifications, coupled with greater flight stability, have resulted in significant improvement 
in the photos quality. The characteristics of the cameras are compared in Table 1. 

Table 1:  Technical specifications of the cameras. (Source: Author, 2019.) 

Parameters/equipment DJI Phantom 3 Pro DJI Phantom 4 Pro 
Maximum pixel resolution (píxel) 4,000 x 3,000 5,472 x 3,648 
Effective megapixels (MP) 12.4 20 
Sensor (mm) 11.04 25.4 
Opening angle 94° 84° 
Focal length (mm) 20 24 

 
     In January 2019, the image capture procedures began with a test conducted on the first 
region of the Northwest gable. It started at 3:00 p.m. in Brasília summer time, with clear, 
cloudless sky. The camera was set to shutter speed 1/800s, aperture f/6.3 and ISO 100. Since 
the images met the requirements, the surveying started on the following day, taking two  
days due to the need of adjusting the photographic parameters of the camera to the 
environmental conditions. 
     On the first day of the image capture phase through UAV, the services started at 7:40 am, 
in a cloudy day with prevailing winds from the Southeast. The camera settings were  
shutter speed 1/640s, aperture f/6.3 and ISO 500. The surveying of both façades lasted about  
18 minutes each and obeyed the flight plan detailed in Fig. 2. Although the cloudiness 
provides a homogenous illumination, the obtained images lost sharpness in comparison to 
those of the test phase. 
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(a) 

 
(b) 

Figure 2:    Flight plan for the south tower, southeast gable. (a) Elevation showing the flight 
lines; (b) Plant with the distances established for the photographic takes. 
(Source: Author, 2019.) 

     In this sense, the procedures were repeated in a more propitious day. At the scheduled 
date, the environmental conditions were like the day of the test: clear sky and sun at the centre 
of the celestial dome (due to the start time, 13:00 Brasília summertime), with strong winds 
from South and Southeast. The camera settings were: 1/1000s shutter speed, f/7.1 aperture 
and ISO 100. The photographic takes lasted about 20 minutes for each gable, and the strong 
air currents made it difficult to stabilize the aircraft but did not prevent the capture of images. 
     Regarding the planning, the distance between the aircraft and the building was defined in 
five meters, balancing the safety requirements and the quality of the images. The overlap 
established for the photographs was 60% laterally and 80% longitudinally. The distance 
between the flight lines ensured lateral overlap, and to achieve the longitudinal overlap, it 
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was necessary to balance the flight speed and shooting frequency of the camera, performed 
manually by remote control, along with visual verification by means of auxiliary screen. 
     Thus, the capture of images was carried out in three flight lines 3.60 m apart from each 
other – the first one was taken with the UAV going up, the second one with the aircraft going 
down and a final one going up again. In each flight line, photos were taken two points per 
region, one aligned with the movement joint and the other at half the height of the region, in 
other words, at the equidistant point between two joints (Fig. 2(a)). 
     The distance (B  of 3.60 m between the flight lines was obtained as a function of the 
camera’s opening angle (84º), the percentage of overlap defined (60%) and the distance of 
the camera related to the façade (5), according to eqn (1), based in Melo Júnior [5] 

 𝐵 2 𝑡𝑎𝑛
°
5. 1

%
. (1) 

     In addition to the flight lines perpendicular to the façade, photos were taken of the edges, 
since these parts also integrate the system and can contribute to understand its behaviour  
and degradation processes. It was decided to register the edges at a 45° angle, since a 
perpendicular capture would not be possible due to the restrictions offered to the UAV access 
in the air space between the two towers, such as possible system failures and destabilization 
of the aircraft due to the strong winds. These photographic points are represented in Fig. 2(b) 
as “A” and “B”. Fig. 2(b) also shows the distances established in plant for the UAV in relation 
to the façade and between the photographic takes. 
     During the surveying, there was a difficulty in keeping the camera distance from the 
façade. Despite the parameters defined in the planning, there was a variation, common in 
inspections in high-rise buildings with use of UAV in manual (non-automated) flight due  
to air currents and lack of pilot reference points on the higher floors. As a measure to try to 
reduce these variations, photos were taken by a team consisting of a pilot and an observer 
equipped with an auxiliary screen for visual verification of the UAV position. 
     Another challenge in obtaining images with adequate resolution was the configuration of 
the camera photographic parameters because of the inherent characteristics of the marble 
coating, such as its white colour and the highly reflective surface. This difficulty motivated 
the flight test and the repetition of photo takes activities. 
     The images were then filed in the JPEG and DNG extension, and the compressed files 
(.jpg) adopted in the processing. 

4.3  Point Cloud Processing (DSM) 

After obtaining the photographs, they were downloaded and filed on the computer 
accordingly to the façade. The next phase was the point cloud image processing, by means 
of the Agisoft’s PhotoScan Professional version 1.4.2 software. The steps for orthoimages 
generation were the following: alignment of images, reconstruction of the sparse cloud of 
points, construction of dense cloud of dots, construction of the mesh, and texture application. 
     The reports produced showed the variation of UAV distance in relation to the plane 
photographed: the average distance was 6.85 m for the Southeast gable and 7.03 m for the 
Northwest. It is also reported that the PS obtained were 1.73 mm/pixel and 1.81 mm/pixel, 
respectively. The PS analysis allows concluding that the obtained images did not present the 
ideal detail level for the identification of fissures equal to or less than 0.5 mm, or even cracks 
between 0.5 mm and 1 mm. The factors that influenced these results were the restriction of 
UAV proximity relating to the façade (for security reasons, as already explained) and the 
digital camera adopted. Although shooting at 20 MP, the built-in camera has a sensor that 
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produces lower resolution images when compared to other digital cameras. The original 
camera was maintained, however, because the adaptation of the aircraft with other 
photography equipment would interfere in the weight of the set, possible affecting its 
stabilization during the flight and the photographic takes. Furthermore, it would implicate 
problems related to the flight permission. 
     The orthoimages exported in the TIFF format were then inserted into the Autodesk CAD 
platform, Autocad software version 2017, allowing the updating and complementation of the 
physical surveying of the building, as well as the identification and graphic registration, by 
means of vectors, of the pathological manifestations visible in the marble cladding system. 

4.4  Prospectings 

In order to obtain additional information for technical characterization of the studied system, 
prospectings were carried out on external and internal points of the gables, due to the 
configuration of the building envelop as a double wall system. The prospectings showed that 
the marble cladding system consists of a 30 mm thick polished white marble slab (approx. 
40 cm x 81.5 cm) fixed on mortar, substrate and masonry of ceramic bricks. 
     A prospecting on the outer wall of the Southeast gable showed the presence of 20 mm 
marble slabs and 1/8 galvanized steel fixation wires at the back of the slabs. Petrographic 
tests carried out on samples of stone from this area suggested that they are interventions 
subsequent to the building construction, and interviews conducted with the teams responsible 
for building maintenance corroborate this hypothesis. 
     The internal prospecting of the Northwest façade confirmed the existence of double walls, 
according to the original designs. The outer wall, the support of the façade cladding system, 
is made of 6-hole ceramic bricks and dimensions of 14 cm x 19 cm x 9 cm of light brown 
colour, which probably indicates a brick of high burning and greater resistance. The masonry 
type of seating observed is very common in external vertical wall systems due to resistance 
and water tightness improving. The internal masonry, in its turn, has 8-hole clay red ceramic 
bricks of 19 cm x 19 cm x 9 cm (Figs 3 and 4). It is also possible to observe at Fig. 3 the 
pillar of concrete and steel located between the double walls. 
 

 

Figure 3:  Prospecting at the south tower, northwest gable. (Source: Author, 2018.) 

     The internal melamine phenolic laminate coating was installed in the 1980s, when the 
South tower was submitted to a series of interventions aimed at meeting fire safety 
regulations. The renovation included the replacement of mobile partitions and internal 
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coatings, the recovery of the curtainwalls of Southwest and Northeast façades, the installation 
of helipad in the roof and the revision of the electrical, hydraulic, telephone, audio, air 
conditioning and sprinkler installation [22]. Possibly, the internal wall was redone on that 
occasion, since there are drop pipes in the gap between the two walls, and there are also 
controls of air conditioning and sound system embedded in it.   
     The information collected allowed the characterization of the components, in other words, 
the four layers of the system (five, if included the preparation of the masonry surface), as 
shown in Fig. 4. 
 

 

Figure 4:    Detail of the marble cladding system of the Brazilian Palace of Congress, South 
tower. (a) Plant; (b) Vertical section. (Source: Author, 2019.) 

     When the functionality of a component is affected, the performance of the system is at 
risk, so it is important to understand not only the features and composition, but also the 
function that each layer ensures, as listed below. 

1. External layer made of slabs of white polished marble called “Branco Italva”,  
30 mm thick, with the function of coating and protecting the wall, besides giving 
the system watertightness; 

2. Fixing layer of mortar, 18 mm thick, made of cement and sand, to give adhesion 
between the substrate and the marble slabs; 

3. Substrate layer (“emboço”), 30 mm thick, consisting of cement mortar, lime and 
sand, aimed to regularize the support in order to receive the next layer; 

4. Support or base made of 6-hole ceramic brick masonry, 14 cm x 19 cm x 9 cm, with 
a surface preparation layer (“chapisco”) of mortar (cement and sand), thickness  
3 to 5 mm, aimed to promote adherence between the substrate and the support or 

Pilar (view) 
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base. This layer acts as a sealing element, responsible for establishing the separation 
between external and internal environment. 

     Since the closures of gables consist of a double wall system, only the outer wall was 
analysed as the base or support of the cladding system. Furthermore, in the studied object, 
the reinforced concrete beams act as the system base in the interface sections with the façade. 

5  CONCLUSION 
In this paper the physical surveying phase was presented, combining the image capture by 
UAV to digital photogrammetry, in the scope of the method of analysis of the state of 
conservation of marble cladding systems in the façades of high-rise modernist buildings. 
     The proposed procedures were applied to the case study, the façades of the South tower 
of the Brazilian Palace of Congress in Brasília. The adoption of UAV in the inspection of  
the palace’s gables made it possible to register even the difficult-to-access areas such as the 
highest floors. In addition, it enabled the photos capture perpendicularly to the plane of  
the façade, which resulted in images that could be processed by point clouds and the 
generation of orthoimages that were used to identify and register system damages. 
     The case study demonstrated that the UAV is an important auxiliary tool in the 
inspection/monitoring and analysis of the state of conservation of high-rise building façade 
systems. There are still challenges to be overcome, such as obtaining images with the 
necessary quality to identify damages such as fissures and cracks, in addition to greater 
control and stabilization of the equipment, in order to guarantee the achievement of the 
planned parameters. In this sense, a recommended measure is the adoption of distance sensors 
attached to the equipment. 
     The procedures of image capture, digital processing by DSM and vectorization of the 
orthoimages information allowed the registration of the technical, constructive and 
conservation state of the system. In a more detailed way, the surveying carried out enabled 
the identification of the system’s component layers, as well as the verification of information 
from historical documents. With the information that identifies and characterizes the system 
in study, it is possible to apply the next steps of the method, throughout the additional stages 
of analysis of state of conservation and elaboration of conservation scenarios. The aim is to 
contribute to the planning of actions in the scope of conservation and preventive maintenance 
for the marble cladding system on the Brazilian Palace of Congress façades, with the 
possibility of transposition to other similar cases. 
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ABSTRACT 
The iconic Renaissance monument in Ferrara was requested by Duke Ercole I d’Este at the end of the 
15th century for the “Piazza Nova” of the Erculean Addition. The project comprised an equestrian 
statue of the Duke positioned on two monolithic columns with a pedestal, capitals and trabeated system. 
The project was never completed except for the 10 m monolithic column, upon which statues of Pope 
Alexander VII (1675), Napoleon (1810) and, finally, Ludovico Ariosto (1833), the symbolic Ferrarese 
poet were placed. The project involves the removal of recent interventions which were structurally and 
aesthetically invasive: lowering the statue using a specially designed engineering technique; 
disassembling the 11 st components of the capital due to oxidisation of the metal connectors; replacing 
the oxidised parts with new connectors; controlled cleaning of the surfaces; integration with mortars 
made on-site with natural and sustainable materials. The purpose of this project is to restore the cleaner 
and safer Monument of Ludovico Ariosto to the community through a “critical restoration”, based on 
historical knowledge. 
Keywords: heritage management, heritage architecture and historical aspects, corrosion and material 
decay, management and assessment of heritage buildings. 

1  INTRODUCTION 
The Monument of Ludovico Ariosto, located in the centre of Piazza Ariostea in Ferrara, is 
composed of two large steps, a pedestal, a monolithic column and the statue of the poet placed 
on top, with a total height of 21.2 m (Fig. 1). The restoration project of this Monument, 
commissioned by the Municipality of Ferrara, involved the conservation of various stone 
surfaces and structural consolidation.  

2  HISTORY OF THE MONUMENT OF LUDOVICO ARIOSTO 
Today’s Piazza Ariostea was known as “Piazza Nova” of the Erculean Addition, important 
urban expansion of the city of Ferrara, begun at the end of the 15th century by the Duke 
Ercole I d’Este (1471–1505). Thank to this expansion called “Addizione Erculea” the city of 
Ferrara has been considered by scholars the first modern city of Europe, due to the social, 
economic, and dimensional reason of the project [1]. 
     Erculean Addition is characterized by two main axes and the new square called “Piazza 
Nova”. The Duke Ercole I d’Este planned his project to expand the built area of the medieval 
city to promote a huge economic campaign of real estate in order to help the political power 
to concentrate in only one place of the city the most important families of the Court. The 
importance of this operation is in the fact that it was the first time that a huge building 
campaign, with its complex urban implications, was carried out following an unitary project  
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Figure 1:  Monument of Ludovico Ariosto in Piazza Ariostea before the restoration works. 

instead of what was the habit of previous political choices of the Italians courts to proceed 
with small, accidental building interventions in their cities. The opportunity to create new 
private building leaded the most influential people of the Court to start a competition against 
each other to show their taste and their competence in understanding and introducing the new 
way to built. This is the great work site where the provincial attitude towards architecture in 
Ferrara, start to see “shoots” of the classical architecture that, in the same years, was under 
theoretical and practical construction in more important courts like Florence and Rome. 
Understanding the whole complexity of the implications of the choices made at the end of 
the 15th century is essential in order to create a conservation project respectful of one of the 
most important monuments of the renaissance in Ferrara. 
     The Duke Ercole I d’Este (1471–1505), in the end of 15th century, envisaged the creation 
of a new monument for the “Piazza Nova”. This monument composed of two large columns 
on which an architrave would be placed to support an equestrian statue of himself (Fig. 2).  
     Only one of the two columns arrived in the piazza [2]. 
     In a notarial deed of 10 January 1499 [3], master stonemason Antonio Di Gregorio, 
undertook to bring the large column positioned by the River Po to “Piazza Nova” and to 
arrange all necessary marble works within the year, following painter Ercole De Roberti’s 
design, including the capital, architrave, frieze and cornice. 
     In a letter dated 19 September 1501, the Duke approached Cardinal Roano in Milan to 
request a design from Leonardo da Vinci [4] for the execution of the equestrian statue. 
     A document from 28 August 1503 clarifies that marble works were carried out around the 
column of “Piazza Nova” in part by master Antonio Di Gregorio, who died the same year. 
This document sets out the report signed by Biagio Rossetti, the Duke’s engineer, regarding 
the stone works carried out on the column in 1503, and defines the sum that the heirs of the 
deceased master Antonio Di Gregorio should demand for the works that had been completed. 
     The inventory present in the workshop confirms these stone works; it was drawn up by 
Antonio Di Gregorio’s son and reports that “unus capitellus magnus pro colona existente 
super platea nova” [5]. 
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Figure 2:  Anonymous designer, “Monumento equestre di Ercole I d’Este”, 1603, Vatican 
Apostolic Library, manuscript. lat. 2774, c. 125r. 

     With the death of Duke Ercole I d’Este in 1505 and the rise into power of his son Alfonso 
I d’Este (1505–1534), the works were stopped, as testified by the historical maps from the 
end of the 16th and 17th centuries where a rectangular pedestal with a column shaft lying at 
its feet were depicted in “Piazza Nova”. 
     From the documents found at the Municipal Historical Archive (Municipal Historical 
Archive of Ferrara, “Serie Patrimoniale”, Piazza Nuova, book 41, sheet 2), we learn that in 
1604 they that in 1604 the column was to be raised, together with its capital, and a bronze 
statue of Clement VIII (1592–1605) placed on top. This project did not materialise either and 
it was not until 1675 that the decision was recorded in the documents (Municipal Historical 
Archive of Ferrara, “Serie Patrimoniale”, Piazza Nuova, book 175, sheet 46; book 185, sheet 
71, book 188, sheets 11, 51, 56, 73) to reduce the 16th century pedestal from a rectangular 
shape to a square, to modify its incisions and to define it proportionately with the erected 
column, on which would be placed the statue of Alessandro VII (1655–1667), Vice Legate 
in Ferrara from 1627 to 1632. It was also decided to alter the column shaft, where sculptor 
Cesare Mezzogori sculpted an oak branch to hide chips in the stone, while work was 
continued on the capital of the column by engraver Giovanni Comini (Municipal Historical 
Archive of Ferrara, “Serie Patrimoniale”, Piazza Nuova, book 188, sheet 58). 
     The French invasion of 1796 led to the statue of the pope being removed from the top of 
the column in October of the same year and it was replaced by the Statue of Liberty, which 
was later removed following the Austrian invasion only three years later (1799). When the 
French regained possession of Ferrara, a statue of Napoleon was placed on top of the column 
on 31 May 1810 (statue sculpted in stone by the Bolognese sculptor Demaria). This was 
removed following the Austrian conquest of May 1814 and on that occasion, it was decided 
to change the name of the piazza, which had previously been named after the French emperor, 
to Piazza Ariostea. This decision was taken with the intention of dedicating the piazza to a 
Ferrarese personality distinguished in the arts and literature, who was separate  
from the political tensions and thus appreciated by the different governments that would 
follow over time. 
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     In 1833, after extensive debate, brothers Francesco and Mansueto Vidoni, stonemasons, 
were commissioned to create the statue of Ludovico Ariosto following Francesco Saraceni’s 
design. The statue was erected on 25 November 1833. 
When the left arm fell to the ground after a violent storm in June 1879, the Municipality 
sought to promote works on the statue and decided that the upper section should be 
reconstructed. They were carried out by sculptor Ambrogio Zuffi in 1881 (Municipal 
Historical Archive of Ferrara, 19th century correspondence, “Potenze – Monumenti”, B31, 
file 2, sheet of 7 May 1881). 
     In April 1935, with the aim of adapting the piazza to the racing events of the Palio, the 
central part was dug out into a slight slope which uncovered part of the foundations of  
the Monument. The foundations were clad with white Verona stone slabs to form the first 
two high steps that are still visible today (Municipal Historical Archive of Ferrara, 20th 
century correspondence, “Strade e Fabbricati”, B17, “Lavori di sistemazione di Pizza 
Ariostea 1935”, sheet 31 January 1935). 
     Analysis of the documents found at the Municipal Historical Archive testifies to the 
numerous restoration works carried out on the whole of the monument, from the pedestal to 
the statue, from 1830 to 1881 (Municipal Historical Archive of Ferrara, 19th century 
correspondence, “Potenze – Monumenti”, B31, file 2-3-1B, sheet from June 1830 to  
June 1881). 
     In order to complete documentary research carried out the metrological and proportional 
analysis. It consists of the architectural survey translation in to “piedi ferraresi”, the 
measurement unit for buildings during the renaissance in Ferrara. This translation has lead to 
any important discovery: the proportions of the column are in correspondence with the 
criteria of the classic architecture as said in the contemporary literature. The proportion is 
calculated knowing how many times the measure of the cross section taken at the base of the 
shaft stays in the height of the column. In this case the proportion is 1:9 and it corresponds 
to architectural order called “composite”. This means that the author of the drawing of the 
column, the painter Ercole de Roberti, was a cultivated artist. In fact Ercole de Roberti is  
the most important figure of painter and architect for the introduction of the classical 
language of the architecture in the Renaissance in Ferrara. This discovery told us the value 
until now unknown of the monument. We can add that the proportions of the column must 
not be modified by the restoration operations. 

3  THE “CRITICAL RESTORATION” PROJECT 
The historical/critical knowledge of the Monument of Ludovico Ariosto was the starting 
point for the restoration project. As per the tradition of “critical restoration” [6], the 
professionals involved considered the critical judgement behind the project choices from both 
a historical/aesthetic and structural point of view. 
     The first phase of the restoration project included analysis of documentary research and 
site investigations simultaneously. Firstly, historical research was carried out both by reading 
the published bibliography, cartography and iconography, and through archival research at 
the State, Municipal and Italian Heritage Office Archives. 
     The following were performed before proceeding with the works: site analysis using a 
drone and laser scanning to provide a 3D record, optical microscopy to define the various 
types of stone; diagnostic investigations using video-endoscopy, geo-radar and ultrasound to 
understand the structure of the monument; and accelerometer measurements for dynamic 
characterisation. Direct analysis led to the drafting of the architectural metric survey, 
photomaps, and cognitive and diagnostic analysis of the materials and structural parts. This 
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allowed the drafting of the relief of the cracking pattern and analysis of the deterioration, 
both structurally and superficially.  
     The results of the documentary research and site investigations were compared and 
considered not only as a cognitive instrument but also as a reading of the character  
and specific values of the architecture. This aided the decision making processes, taking into 
consideration the current “culture of restoration”.  
     The site investigations were carried out during the planning phase and revealed that the 
metal parts had suffered the greatest deterioration due to corrosion effects. The corrosion 
produce a significant increase of volume [7] that could be between 3 and 6 times the original 
volume [8] and this led to cracking and movements of stone parts. Although without 
measurements or monitoring in time, the corrosion was evidently more severe where coupled 
between two steel types. Indeed, two types of metal were used for reinforcement: normal 
steel, adopted in the past, and stainless steel, used in interventions that are more recent. The 
connection between these steels caused a cathodic oxidation effect which had accelerated and 
amplified the erosion of the traditional steel. These damaging mechanisms, triggered by metal 
oxidation, constitute, from a structural point of view, the most significant problem 
encountered in the whole monument, with the most compromised parts being in the podium 
of the statue and in the capital. The high chemical force developed by oxidation causes many 
fractures and cracks in monolithic bocks and produced many deformations in structures. 
     The statue of Ludovico Ariosto had particularly detached at the base due to the forward 
positioning of the bust. This problem had probably already been observed in the past 
considering the metal reinforcement to support the statue. However, today it appears to be 
ineffective and not well consolidated (Fig. 3). 
     The area of the podium, between the statue and the capital, is composed of several 
elements that constitute a wall of square stone elements which, following the deterioration of 
the connectors, have gradually become disconnected. Probably with the aim of reinforcing 
the various elements, a modern external metal support ring in stainless steel had been inserted 
and welded to the internal metal elements, causing accelerated oxidisation (Fig. 4). By 
analysing the cracks in the podium, an opening can be observed in the lesion, causing its 
upper part and the statue itself to incline. This phenomenon can be traced back to the jacking 
effect of the internally oxidised metal, particularly at the internal anchorage which has caused 
the discontinuity between the connectors to open up. 
 

 

Figure 3:  Statue of Ariosto disconnected at the base after cleaning the stone and removing 
the cement mortars. 
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Figure 4:  Podium of the statue. The external metal support ring in stainless steel has been 
welded to the damaged parts, accelerating oxidation. 

     The capital of the Ariostea column is made up of a series of four elements placed on top 
of each other, each of which constitutes various stone elements, positioned on the monolithic 
shaft (Fig. 5). Each stone element had detached with cracks a few centimetres wide (Fig. 6) 
due to the stone jacking caused by the expanding metal inside (Fig. 7). 
 

 

Figure 5:  Exploded axonometric view of the capital drawn up following the dismantling of 
the various elements and preparation for their repositioning. 
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Figure 6:  Capital of the column before the restoration works. 

 

Figure 7:  Oxidation of the internal fixtures between the parts which define the individual 
stone elements of the capital. 

     The composition of several blocks in the capital (Fig. 5) all connected by metallic 
elements subject to corrosions lead to three main problems: the loosing of resistance of the 
rusty connections, the fracturing of stone blocks due to chemical expansions, the uncontrolled 
displacements between blocks. These three effects provide respectively to: an unconnected 
structure, a fragmented capital and thus the risk of some blocks collapse, different 
inclinations and therefore movements of centroid positions. 
     Firsts ideas of interventions aimed at introducing substitutable metallic materials from 
outside because the substitution of such corroded elements in this work had been very 
expensive, it required the controlled disassembly and this might lead to damages on the 
structure, therefore, this substitution should be as much as possible avoided in the future. 
Those solutions were discarded because the loosing of the material was too relevant for a 
respectful restoration. In light of these observations, all the internal metal elements were 
replaced with new duplex stainless steel connectors of the same dimensions as the existing 
carbon steel ones and placed in the same positions (Fig. 8). The major initial cost of this 
special steel will be recovered in the major durability of the intervention moving forward the 
need for their substitution. Moreover, a consolidation with glass fibre reinforced bars was 
adopted to connect cracked blocks. 
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Figure 8:  New cramps in duplex stainless steel connecting the various elements of  
the capital. 

 

Figure 9:  Stainless steel cables used to strengthen in flexure the shaft. 

     To be able to carry out this operation, it was necessary to lift the statue together with each 
stone element comprising the podium and the capital. This issue was the most complex one 
because of the lifted elements degradation and because, to prevent any loose of material, the 
lift framework was not inserted in the stone using a friction based application. 
     A second type of intervention was designed to prevent the column shaft from a possible 
failure due to a crack at about two third of the height. About sliding the crack does not 
overpass the entire cross-section and then it was not necessary to introduce connectors. In 
term of flexural behaviour a circular series of stainless steel cables inserted along existing 
grooves, replacing a previous intervention carried out in stainless steel externally (Fig. 9). In 
order to avoid the rising of bending moments on connectors two horizontal hooping were 
designed to counteract the flexural action. 
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     The metal cramps uniting the stone cladding on the cymatium of the pedestal of the 
column had suffered significant deterioration. As well as the restoration of the stone and its 
superficial treatment, the oxidised metal cramps were replaced with new ones in stainless 
steel, set and secured in molten lead. 
     The architectural surfaces were cleaned using biocides, clay poultices and manual 
techniques to remove superficial deposits, incrustations and the presence of biological 
staining. The incompatible elements were also removed (metal cramps and cement mortars) 
and the cracks and gaps were filled using special natural mortars mixed up on the site. They 
were then treated superficially with a thin coating (Fig. 10). As a final operation, the whole 
surface of the statue was treated with protective products, in particular to protect  
it against graffiti. 
     The monument presented widespread superficial deterioration caused by exposure to 
weather conditions and pollution. In particular, rainwater running from the top of the statue 
to the pedestal of the column had caused erosion, favouring the formation of biological 
patinas and the accretion of superficial deposits. There was a protective lead covering on the 
top of the capital, which was in such a poor condition that it had allowed rainwater to collect 
instead of letting it flow off the statue. In addition, the metal element, now oxidised and 
irregular, had altered the appearance of the top of the capital. The project involved removing 
the oxidised sheets and creating a more compatible system to allow rainwater to drain off the 
monument. A screed of breathable mortar was applied across the whole of the top of  
the capital with a slight inclination to help the rainwater run off and it was applied as thinly 
as possible so as not to alter the perception of the top of the capital. This was then covered in 
a sheet of lead. 

 

 

Figure 10:  Operations to clean the surfaces of the statue, shaft and pedestal. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  159

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



4  CONCLUSION 
The restoration project of the Monument of Ludovico Ariosto was configured and realised 
with a multi-disciplinary approach involving study, analysis and comparison between the 
professionals involved, municipal officials and officials from the Ministry of Cultural 
Heritage.  
     The objective of returning the monument to the community, which required both 
structural and superficial restoration, was pursued through a circular process of 
understanding and conservation, and was fulfilled based on critically evaluated choices to 
recuperate the monument’s visual unity and consequent capacity to reveal itself in each and 
every one of its elements: “la esigibilità del monumento” (Fig. 11). 

Figure 11:    The capital, the podium and the statue before (left) of the restoration work and 
after (right). 
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STRUCTURAL ANALYSIS OF WOOD TRUSSES OF  
SAN PAOLO FUORI LE MURA, ROME, ITALY 
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ABSTRACT 
The Roman double trusses of San Paolo fuori le Mura (FLM) are the oldest long-span Roman trusses 
for which sufficient information exists to perform a structural analysis. Span, spacing, and scantlings 
of members were recorded previous to the loss of the trusses due to a catastrophic fire in 1823. Wood 
species type can be inferred from comments by Pliny the Elder regarding other long-span trusses in 
ancient Rome. While the quality of the wood cannot be determined, the analysis results can be bracketed 
using allowable stresses from different wood visual grading standards. Dead and live loads can be 
estimated using loadings developed for current engineering practice. Quantifying the levels of stresses 
in the trusses of San Paolo FLM indicates a relatively conservative design. Stresses in the rafters, or 
upper chords, were reduced by the insertion of a collar strut providing an intermediate support to the 
upper chords. Even if it is assumed that timbers matching visual grade DF/L No. 2 were used, the 
combined flexural and axial stresses in the upper chords are well within those permitted by modern 
design standards. 
Keywords:  Roman double truss, Early Christian basilica, San Paolo fuori le Mura, wood truss design. 

1  INTRODUCTION 
The Emperor Constantine’s shift to Christianity in the 4th century changed both the culture 
and architectural traditions of Rome. However, the architectural changes were not as radical 
as the cultural changes. Builders in Rome still apprenticed in their craft with masters of the 
previous generation, and building materials such as brick, stone, and timber did not change. 
Although Early Christian basilicas departed from the architectural tradition of Imperial 
Rome, they did not break from that tradition – their form represents an evolution or adaptation 
of the earlier Imperial Roman basilicas. 
     Choisy observed in 1873 that “the modern trusses of Italy… resemble those of the 
Christian basilicas, and those, constructed in a time where architecture had no other basis 
than memories, more or less altered from Roman practice, which are evidently nothing but 
copies of the originals that are lost to us” [1]. This study concurs with Choisy’s observation 
that Imperial Roman buildings destroyed centuries ago are echoed in the form of Early 
Christian basilicas. These Early Christian basilicas consistently used the simple double truss, 
which was later used by Roman builders in the Medieval era. 
     Constantine’s building program, and that of his successors, included several basilicas with 
wood truss roofs and substantial clear spans in the nave. Curiously, it was not the cathedral 
of Rome, San Giovanni in Laterano, that was the largest of these Early Christian basilicas. 
Rather, it was the funerary basilicas that had the largest clear spans. The traditional religious 
faith of Imperial Rome included ancestry worship, and the early Christian church absorbed 
this practice and constructed large basilicas with significant covered areas to accommodate 
both the burials and the feasts held to honour the dead. The two largest of these funerary 
basilicas, Old St Peter’s and San Paolo fuori le Mura (FLM), were built in the same century 
with similar truss types and spans. 
     Old St Peter’s was demolished stepwise beginning in 1506 to make way for Bramante’s 
redesign of the basilica. Although Bramante’s St Peter’s covers an area similar to that of the 
demolished 4th century funerary basilica, its masonry vaults and massive piers are radically 
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different from the original wood-truss form. Drawings and paintings of the Old St Peter’s 
interior confirm that its form was similar to that of San Paolo FLM. However, the scantlings 
of the timbers were not recorded in any document that has survived, so an accurate 
assessment of the capacity of these long span trusses has not been possible.  
     In contrast, significant details of the trusses of San Paolo FLM were recorded prior to the 
fire that necessitated its rebuilding. Also, the intent of the rebuilding process was to restore 
the lost church, and not to create a new and different monument. The trusses of San Paolo 
FLM are the earliest wood trusses in the Roman tradition for which sufficient information 
survives to permit numerical analysis. 

2  HISTORIC BACKGROUND 
The funerary basilica of San Paolo FLM was begun in 384 and finished in about six to eight 
years [2]. Sited over the traditional grave of St Paul, it was a five-aisled basilica with a timber 
truss roof. Early in its existence it had a coffered, gilded ceiling [2]. San Paolo FLM survived 
largely intact until 15 July 1823 when repairs to the lead roofing coincided with a disastrous 
fire which burned out all of the roof trusses and collapsed many of the walls. Following the 
fire the basilica was rebuilt, reusing the surviving walls and columns and replacing the roof 
trusses and roofing (Fig. 1). In this way the many burial sites in the funerary basilica were 
maintained, and we are able to experience the same building volume and spatial quality of 
the lost original. 
     Jean Rondolet measured the trusses in 1784, 39 years before the fire [3]. Rondolet had 
worked as an assistant to Jacques-Germain Soufflot in the construction of the church of Ste. 
Geneviève in Paris. Soufflot’s work at Ste. Geneviève is significant not only for its 
architectural merits, but also for the extensive materials testing program which he developed, 
seeking to select the highest quality stone and better understand the structural behaviour of 
the dome he designed. Steeped in this tradition of scientific inquiry at the work site for Ste. 
 

 

Figure 1:  A view of the interior of San Paolo FLM from a side aisle. 

164  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 

Figure 2:    Rondelet’s drawing of the trusses of San Paolo FLM. (Source: Traité théorique 
et pratique de l’art de bâtir, Pl. 105.) 

Geneviève, it is no surprise that Rondolet eventually would author and publish the 
encyclopaedic Traité théorique et pratique de l’art de bâtir which would go through many 
editions and form the basis for engineering and construction science for decades.  
     Rondolet was not impressed with the architecture of San Paolo FLM, but he was 
sufficiently interested in the engineering of the building to record the sizes of the members 
and form of the truss. Rondolet later published an engraving of the truss form in his Traité 
théorique  
(Fig. 2). The elevation drawing shows the upper chords or rafters, a tie beam at the base of 
the triangle, a vertical kingpost, and a collar beam supported by independent props. Rondolet 
shows iron straps holding a short corbel up against the bottom of the tie beam. It is assumed 
that the forces between the upper chord and tie beam were transferred with a dap connection. 
Since the trusses were about 1,400 years old when Rondolet observed them, it is likely that 
dirt and dust would have obscured the dap. 
     Depending upon the proportions of the truss, a collar beam can serve different functions 
(Note that Ochshorn’s term “compressive brace” equals “collar strut” as used in this paper) 
[4]. Visual inspection shows that the collar beam in the truss of San Paolo FLM is a 
compressive brace, providing supplemental support to the upper chords. For that reason, 
these will be referred to as collar struts to more accurately describe their function. Also, it is 
noted that the English language term “kingpost” is misleading. It is not a post providing 
vertical support. Rather, it is a tension member, providing mid-span support to the tie beam. 
The German term, hängesäule, more accurately describes its function [5], as the German 
language separates roof timberwork into general classifications of Hängewerk and 
Sprengewerk. However, to maintain continuity with traditional terms, this vertical member 
will be referred to as a kingpost. 
     Rondolet’s drawing was redrawn and published by both Auguste Choisy in L’art de batir 
chez les romains and Friedrich Ostendorf in Die Geschichte des Dachwerks. Ostendorf 
redrew the truss elevation as a perspective drawing, probably to emphasise the fact that it 
was a double truss. However, in the re-engraving process the pitch of the upper chords was 
steepened. Rondolet’s drawing, therefore, is used exclusively to determine the form and 
proportion of the trusses. 
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Figure 3:    Ostendorf’s illustration of the trusses of San Paolo FLM. (Source: Ostendorf, 
Figure 136.) 

3  STRUCTURAL ANALYSIS 
The structural analysis of the wood trusses of San Paolo FLM was conducted using simple 
hand calculations using customary units. While a computer solution using a structure stiffness 
matrix method is possible, it was concluded that due to the magnitude of the unknowns in 
some of the data, there was little value in the greater precision. The analysis considered the 
truss system with pinned connections and a roller support where the collar strut intersects the 
upper chord. It is acknowledged that there will be some transfer of axial loads at the collar 
strut due to friction, but this is judged to be relatively small. It is also assumed that thermal 
movements, volume change due to humidity, and wind loads will tend to cause slippage and 
reduce any restraint due to friction over time. 
     For simplicity, the roof load was assumed to be distributed, rather than applying point 
loads from each of the purlins. The moment distribution method was used to calculate the 
bending moment at the roller support. The simplified moment distribution procedure for 
pinned end elements, as outlined by Crawley and Dillon [6], resulted in a rapid convergence 
on a solution for the intermediate bending moment. Any support that might be given to the 
upper chords by the rafter props was neglected, with the assumption that such support would 
be insignificant. The axial load from the weight of the tie beam and coffered ceiling was then 
calculated, and the combined stresses of axial load due to roof loading and the axial load 
from the tie beam and ceiling were summed. The total bending stress and axial stress were 
then divided by their respective allowable stresses in an interaction equation to determine the 
percent capacity of the trusses under the assumed loads. 
     Since the purpose of the analysis is only to gain an understanding of the design practice 
of the Early Christian builders, and due to the degree of uncertainty introduced by the 
necessary assumptions, this analysis only considered gravity loads. It is recognized that wind 
loads can significantly change the stress levels in truss members, especially when there is a 
positive pressure on the windward side of the gable and a negative suction on the lee side. 
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However, given the relatively low pitch of the upper rafters, about 22 degrees, wind loads 
will only result in negative pressures or an upward suction on the roof for both the windward 
and leeward sides of the roof. Therefore, wind loads will only result in a reduction of the 
downward load on the trusses [7]. In addition, the capacity of wood members is greater when 
subjected to loads of short duration – in the case of wind loads the duration factor provides 
for a 60% increase in allowable stresses [8]. The timber corbel at the truss support would 
decrease the functional clear span of the truss by the depth of the corbel if the iron strap held 
it tightly. However, since the condition of the corbel and iron strap is not known, this was 
not considered in the analysis. 
     The upper chords are subjected to both axial and bending stresses, and modern codes 
require the calculation of a column reduction factor to account for potential buckling under 
compressive loads. It was assumed that the purlins were spiked into and/or notched around 
the upper chords, bracing them laterally. It was also assumed that the inclined strut that 
supports the collar beam provided support to counter buckling on the bottom face of the upper 
chord. Therefore, the tendency to buckle was only considered in the section of upper chord 
from the collar strut support to the peak, and then only in the vertical plane. However, the 
scantling of the upper chords is robust and, assuming a “k” factor of 0.8, the column reduction 
factor was determined to be 0.98. Since the reduction from the column factor was so small 
and the uncertainty of some of the assumptions was relatively high, this column reduction 
factor was neglected. 
     Rondolet also published a second form of the trusses of San Paolo FLM with a scarf joint 
in the tie beam and the addition of two hangers at the intersections of the collar strut with the 
upper chords. The change in configuration of the tie beam has little effect on the levels of 
stress within the upper chords, and so only Rondolet’s first version was analysed. 

3.1  Determination of loads 

Loads on the trusses were determined by the plan dimensions, analogous contemporary 
practice, and modern codes. In 1554 Giovanni Colonna da Tivoli measured the center-to-
center distance between nave columns as 85 piedi romani [9], or approximately 81.8 feet 
(25.2 m). Subtracting a column diameter leaves an estimated clear span of 79.7 feet (24.3 m). 
The nave length reported by Colonna da Tivoli is 297 piedi romani, or 285.7 feet (87.9 m). 
Engraved views of the interior of San Paolo FLM prior to the fire show double trusses 
spanning across the nave centered above each nave column and at the mid-span of the 
architrave between nave columns. Trusses were spaced at approximately 13.5 feet (4.12 m). 
However, since these were double trusses, each triangular assembly of rafters, tie beam, and 
collar strut supported a tributary area of roof approximately 6.75 feet wide (2.06 m).  
     Scantling dimensions recorded by Rondelet tend to group themselves around modules of 
one Roman foot, one and a half Roman feet, and two Roman feet; respectively about 11 1/2 
inches (29.2 cm), 17 inches (43.2 cm), and 23 inches (58.4 cm). The weight of the timber 
framing was estimated using a density of 40 pcf (640 kg/m3). Purlins and sheathing were 
assumed to weigh 7.5 psf (360 Pa) and the load of the clay tile roofing was estimated to be 
12 psf (575 Pa). The live load on the roof was estimated using the Eurocode minimum roof 
live load for Rome (zone 3) of 600 Pa, or 12.5 psf. The dead load of the rafters was estimated 
to be 70 plf, or 1,000 N/m. A summary of the loads is contained in Table 1. 
     The loads from Table 1 were multiplied by the tributary width of each half truss, 6.8 feet 
(2.04 m). The beam weight, 70 plf (1.0 kNm), was added to the sum for a total load on each 
upper chord of approximately 290 plf (4.20 kNm).  
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Table 1:  Assumed distributed loads on the upper chords in psf (Pa). 

Dead and live loads on the upper chords in psf (Pa)
Dead loads Live loads  

Roof tiles 12 (575) Eurocode min. roof load 12.5 (600) 
Sheathing and purlins 7.5 (360)  

Totals 19.5 (935) 12.5 (600) 
 
     Estimating the weight of the coffered ceiling was more difficult, since there are no 
drawings showing its appearance and the only descriptor given in chronicles is that it was 
gilded. A wooden ceiling can weigh as little as 2 psf (96 Pa), or it may have deeply built up 
coffers with multiple layers of wood planks weighing many times more. Since historic 
descriptions of the ceiling state that it was gilded, it was likely relatively elaborate and ornate. 
A ceiling weight of 10 psf (480 Pa) was estimated, resulting in an approximate 70 plf  
(1,000 N/m) load on each tie beam of the double truss. 

3.2  Determination of material properties 

Rondolet did not note the wood species when he observed and drew the trusses of San Paolo 
FLM. Due to the fire, that information is lost to us. However, ancient authors mention fir and 
larch as the wood species of choice for long-span applications. Pliny the Elder stated, “Fir 
and larch are strong weight-carriers, even when placed horizontally…” [10]. Larch is also 
suggested as the wood species of choice because in imperial times long specimens of 
substantial scantling were available. Pliny the Elder noted, “What is believed to have been 
the largest tree ever seen at Rome down to the present time was one that Tiberius Caesar 
caused to be exhibited as a marvel on the deck of the Naval Sham Fight before mentioned; it 
had been brought to Rome with the rest of the timber used, and it lasted till the amphitheater 
of the emperor Nero. It was a log of larchwood, 120 feet long and of a uniform thickness of 
two feet, from which could be inferred the almost incredible height of the rest of the tree by 
calculating its length to the top. Within our own memory there was also an equally marvellous 
tree left by Marcus Agrippa in the porticos of the Voting-booths, left over from the timber 
used for the ballot office; this was twenty feet shorter than the one previously mentioned, and 
18 inches in thickness” [10]. Based on the use by ancient Romans, it is concluded that larch 
is the most likely wood species used by the 4th century builders in Rome. 
     The National Design Standard [11] groups wood species of similar properties. While the 
stresses for European Douglas Fir/Larch are listed for dimensional lumber 2–4 inches thick, 
there is no listing for European Douglas Fir/Larch for timbers of larger scantling. Instead, the 
similar North American Douglas Fir/Larch category was used in this analysis to determine 
the allowable bending stresses. However, it is noted that not only is there variation in 
properties between North American Douglas Fir/Larch and Douglas Fir from France and 
Germany (DF-FG), there is an even greater difference between the DF-FG and the Douglas 
Fir/Larch from the Czech Republic and Bavaria (DF/L-CB). For example, comparing the 
values of the No. 2 grading standard, there is an 8% drop in the reference design value of the 
Douglas Fir from France and Germany (DF-FG) relative to the North American category 
(DF/L-NA). On the other hand, when sourcing the wood species from the Czech and Bavarian 
forests (DF/L-CB), there is a 50% higher reference design value to the North American 
species (DF/L-NA). While 8% is a relatively small value when considering the fact that most 
allowable stress safety factors are about 40%, a 50% difference is extremely significant.  
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Table 2:    A comparison of reference design values in pounds per square inch for selected 
wood species from Table 4A, Reference Design Values for Visually-Graded 
Dimension Lumber (2–4” thick) and Table 4F, Reference Design Values for Non-
North American Visually-Graded Dimension Lumber (2–4” thick). (Source: NDS 
Supplement.) 

Reference design values from the 2018 NDS Supplement
Lumber 2–4 inches thick

Standard 
N. American 

Douglas Fir/Larch 
(DF/L-NA)

Douglas Fir, France, 
Germany (DF-FG) 

Douglas Fir/Larch, 
Czech Rep. and 

Bavaria (DF/L-CB) 
Select structural 1500 1500 1900 
No. 1 1200 975 1400 
No. 2 900 825 1350 

 
While we have some evidence that the wood used for the trusses of San Paolo FLM was a 
Douglas Fir or Larch species, there is little possibility that we can identify the source for the 
lumber. Therefore, when results from the structural analysis are considered, the variation in 
potential wood sources and their respective strengths must be kept in mind. 
     No mention was made by Rondolet of the quality of the wood used in the trusses of San 
Paolo FLM. Visual grading standards currently used to determine material properties include 
factors such as knot size, knot spacing, inclination of grain, wane, checks, and other physical 
properties of timbers. Given the combination of length and scantling, it is probable that wane 
was present on many of the timbers.  
     In addition, some disruption of timber supplies was likely to have occurred in the 4th 
century. Constantine abandoned Rome as his capital, shifting the primary capital to the 
former city of Byzantium. While we have no records on the disposition of imperial forests 
and timber sources during these years of change, it is unlikely that 4th century Rome could 
match both the quality and quantity of timbers produced during the imperial era. Accordingly, 
the No. 2 grade for Douglas Fir/Larch is concluded to most likely match the quality of the 
4th century timbers used in San Paolo FLM. 

3.3  Accuracy 

The use of historic data to perform a structural analysis for a no-longer-extant structure poses 
unique challenges. One uses data collected by others, relying on their attention, precision, 
and thoroughness. Mainstone’s invective against the application of structural analysis to 
buildings which are no longer extant [12] makes several points that are of value. The author 
agrees with Mainstone that engineering analysis alone is of little value, and that engineering 
analysis should always be understood within the historic context that considers the materials, 
techniques, and understanding of the time. Similarly, structural analyses are problematic 
when performed by individuals without sufficient experience to form a basis for judgement 
and understanding. However, Mainstone’s general criticism of assumptions is not accepted 
by the author. Rather, what is important is to understand the maximum and minimum values 
associated with the assumptions, and frame one’s conclusions within the context of those 
limits.  
     Mainstone also declares that modern calculations are not of value in “entering the mind 
of the designer centuries ago…” Such a statement ignores the development of modern 
engineering practice. Just as in ancient times, acceptable engineering practice is defined by 
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the avoidance of failure. Our modern codes are based in part on structures that have survived 
and remained serviceable in contrast to those which have collapsed. While numeric theory 
and extensive testing permit us to have more accurate data regarding material strengths and 
provide more consistent factors of safety in our designs, we must understand that historic 
builders went through the same process of observing successes and failures and developing 
a set of rules or standards to increase their probability of success. Roman builders of the 4th 
century had the benefit of nearly a millennium of experience throughout the empire, and 
previous building masters would have developed rules of thumb, proportioning standards, 
and other design aids to direct their apprentices. While modern codes are far more 
sophisticated and accurate, this does not invalidate the usefulness of modern codes in 
evaluating pre-modern structures. Indeed, modern codes provide a framework within which 
historic structures can be better understood.  
     In the case of San Paolo FLM, the plan dimensions and spacings remain in the rebuilt 
church, so there is strong confidence in those parameters. Rondolet’s measurements cannot 
be checked, but it is a reasonable assumption that a building professional would be able to 
reliably record typical or average scantlings for timbers. Likewise, environmental loads will 
be similar to those experienced by buildings in the 4th century. 
     Some variation is expected in the loads between modern and antique roofing and finish 
systems. Clay roofing tiles may vary somewhat in weight, but it is a technology with a long 
use and typical roofing tiles used currently vary little from those of 4th century Rome. It is 
far more difficult to determine the loads from the gilded ceiling. However, since the ceiling 
is supported by the kingpost, variation in the ceiling weight will cause variation only in the 
axial load in the upper chords. It will have no effect on the magnitude of the bending stresses 
in the upper chords. 
     By far the largest potential variation in the interpretation of the results is the quality of the 
timbers and their source(s). It is known that old-growth timbers have a tighter grain and 
greater resistance to abrasion. However, the more closely-spaced growth rings resulting from 
slowly growing trees do not necessarily mean greater strength in compression and bending. 
Modern testing has been conducted on samples with a wide variation of wood quality. Higher 
quality samples will match the properties of old-growth timbers, and little variation is 
expected if the appropriate visual grading standard is selected. The challenge is selecting the 
appropriate grading standard. 
     As was noted in the previous discussion on the selection of wood species, the sourcing of 
Douglas Fir/Larch wood can result in 50% differences in reference design values. Even 
greater variation is present when comparing a No. 2 visually graded timber relative to a Select 
Structural visually graded timber. These potential differences must be kept in mind when 
interpreting the analysis results. 

3.4  Analysis results 

The horizontal and vertical forces at the truss supports were initially found by considering 
the system without the collar strut. Moments were calculated at the toe of the upper chords, 
solving for the horizontal force at the peak of the truss. The vertical force at the toe of the 
upper chord was calculated by summing the dead and live loads on the rafters. 
     The moment in the upper chords at the collar strut support was calculated by using the 
component of force normal to the axis of the upper chord and solving for the moment at the 
support of the collar beam through moment distribution. The distribution factors were 
calculated from the inverse ratio of their lengths, as both sections have the same physical  
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Figure 4:    A diagram showing the analysis of the horizontal and vertical forces at the truss 
supports. Forces are shown in kips (1,000 pounds) or kips per lineal foot. 

 

Figure 5:    A diagram showing the moment distribution calculation of the moment in the 
upper chords at the point of intersection with the collar strut. 
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scantlings and both sections are pin-ended away from the support. Fixed-end moments were 
calculated based on a fixed-pinned beam. Because both sections of the beam are pinned away 
from the joint, there is no carry-over to add to the accumulated moments. Therefore, the 
calculation converges on the solution after only a single iteration. The moment was calculated 
to be 17.3 kip ft (23.4 kN m).  
     Since the upper chords have a section modulus of 666 in3 (10,900 cm3), this results in a 
bending stress in the upper chords of the trusses of 380 psi (2,600 kPa). The axial force in 
the upper chords from the tie beam restraint and the axial force resulting from the kingpost 
load results in total axial force in the upper chords of approximately 30 kips (130 kN). 
Dividing by the area of the upper chord results in an axial stress of 120 psi (830 kPa).  
     The capacity of the upper chords was determined by solving the interaction equation 
involving both axial stresses and bending stresses: 

(fa/Fa) + (fb/Fb)  1.0. 

     Inserting the calculated axial and bending stresses and allowable stresses given in the NDS 
for Doug Fir/Larch wood No. 2 visual grade into the interaction equation gives the following 
result: 

(120 psi/600 psi) + (380 psi/875 psi) 0.60. 

     The interaction equation shows that, based on the above assumptions, the trusses are only 
loaded up to approximately 60% of their capacity under modern allowable stress provisions. 
Even if lower quality timbers were used, the calculated levels of stress would be well within 
the capacity of the truss members. This explains why the trusses survived from the 4th to the 
18th century. Even if partly compromised by fungus or insects, there was substantial excess 
capacity in the trusses. Likewise, unusual wind events or a rare snow fall would not push the 
trusses past their maximum capacity. 
     The role of the collar strut is clear from the analysis. If the simple triangular form of the 
two inclined upper chords, tie beam, and kingpost are considered without the collar strut, the 
upper chords would be subjected to a bending stress of about 1,100 psi (7,600 kPa) with full 
dead and live loads due to gravity. This is a high level of stress for most wood species, and 
for the assumed Doug Fir/Larch No. 2 species would result in a combined interaction 
equation result of 1.46, or a 46% overstress based on modern codes. The Roman innovation 
of inserting a collar strut with two inclined props made possible the long span trusses which 
lasted many hundreds of years. 
     It is noted that the kingpost does not increase the capacity of the trusses. Instead, its 
function is the control the deflection in the tie beam. If there were no kingpost to support the 
tie beam at its mid-span, the dead weight of the tie beam alone would result in a deflection 
of 5 inches (13 cm), with potentially higher deflections due to the addition of a coffered 
ceiling. This also explains why the beam is such a deep member. Such a large scantling is 
not required to handle the tensile force generated by the two upper chords. Under full gravity 
loads, the force in the tie beam is approximately 28 kips (120 kN). However, because of the 
scantling of the tie beam, roughly 1–1/2 by 2 Roman feet, the actual tensile stress is about  
90 psi (620 kPa), only 20% of its capacity. The use of the kingpost as a hanger and the depth 
of the tie beam likely were chosen to control the downward bowing of the ceiling. 

4  CONCLUSIONS 
Analysis suggests that the trusses of San Paolo FLM had significant excess capacity, and 
would have performed well with timbers of relatively poor quality. Such a construction 
suggests that the design of the trusses was developed over the course of centuries, with 
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successive building masters observing successful structures and passing that knowledge on 
to apprentices.  
     The scantling sizes, based on modules of Roman feet, suggest that the trusses may have 
been adapted from a standard Roman truss design using standard-sized elements. The Roman 
propensity for standardization is well established, as Romans created standard cart sizes and 
used standardized column dimensions in quarries and stone yards [13]. Pliny the Elder’s 
citation of unusually long beams gives their scantlings as 18 and 24 inches, modules of 
Roman feet. Asilis has noted that Imperial Roman basilicas tend to have wider 
intercolumnations between nave columns than those of Early Christian basilicas [14].  
The intercolumnation of the nave columns is related to the spacing of the trusses. This 
presents the possibility that Early Christian builders learned from existing Imperial Roman 
truss designs, but elected to reduce the spacing of the trusses to compensate for greater 
variation in timber quality.  
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ABSTRACT 
Since the 1940s, populations of Spanish cities have grown intensely, which was motivated mainly by 
rural emigration. In order to provide housing for such population growth, a great deal of social housing 
was built. The state would initially and directly control the implementation of this new urban structure 
by establishing a relative unitary housing typology, especially in the 1950s when most social housing 
legislation was introduced. These buildings, which helped shape the outskirts of cities at the time, now 
form part of their consolidated urban pattern, and their image shows the social character that identified 
these building types. At the same time, both the building image and housing typology are an 
anachronistic reference that needs to be intervened in order to adapt to changing life habits that today’s 
society demands. In Castellón, most of these social housing were carried out in the 1950s by the Obra 
Sindical del Hogar, an organisation that depended on the Instituto Nacional de la Vivienda, and was 
responsible for most of the social housing built during this period. This paper shows the results of the 
typological analysis of these residential complexes, which seems to indicate the obsolescence of such 
a housing type and, at the same time, offers valuable information to refurbish this large building stock 
in the city according to new users’ needs. 
Keywords:  housing typology, Castellón de la Plana, Obra Sindical del Hogar. 

1  INTRODUCTION 
At the end of the Civil War, Spanish cities began to experience an important growth of their 
populations mainly motivated by the massive arrival of peasants which wanted to find the 
necessary work to be able to live. 
     This significant influx of new workers together with the necessary recovery of the urban 
centres which had been severely punished during the years of the conflict, forced the official 
agencies to urgently address the reconstruction of the cities, with particular attention to the 
necessary accommodation for the new working classes newly arrived from the countryside. 
     In order to carry out the different tasks, some official bodies were created. Thus, the 
Dirección General de Regiones Devastadas, launched in January 1938 [1], dealt with the 
reconstruction of urban centres which were damaged during the war. A year later, in April 
1939, the Instituto Nacional de la Vivienda [2] was created and its primary responsibility 
would be to implement the first Law on Protection to Low-Income Housing System for the 
most humble classes.  
     This law repealed the previous legislation and the State was stood by as solely responsible 
for the construction of this type of housing. In this way, private initiative was practically 
excluded from this activity and the State, through the official bodies created for this purpose, 
maintained a comprehensive control of these constructions. 
     The Instituto Nacional de la Vivienda was responsible for managing the construction of 
the necessary housing plans, most of which were commissioned to the Obra Sindical del 
Hogar y Arquitectura, technical organization created in December 1939 and subordinate to 
the Organización Sindical Española as well as the Ministerio del Interior. However, the work 
of this body would not be noticeable until the following decade from the publication in 1954 
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of the social housing plan [3] and the express assignment to build annually 20,000 dwellings 
for workers. all over the national territory [4]. These regulations on social housing would be 
supplemented by the adoption in the same year of the Law on Protection to Limited Income 
Housing [5]. 
     All this legislation aim the promotion and protection of housing for the working class, 
regulating the minimum surface dimensions that this type of housing should have, as well as 
the constructive and economic aspects with which to guarantee their production. 
     For more than 60 years, these dwellings have served as lodgings for the most humble 
classes of the city’s population where they were built, thus demonstrating the value of the 
models used at the time by the Obra Sindical del Hogar. However, both the passage of time 
and the normative evolution in the field of housing make it necessary to intervene in these 
housing buildings to adapt them to current needs. So, it is necessary to make a thorough study 
of these models to be able to draw up the corresponding proposals for intervention. 
     This is the main objective of the research project in which this work as the first phase and 
it consist in a typological study of these models built during this period of time in Castellón 
de la Plana. 

2  METHODOLOGY 
The work has been developed following a series of phases. First of all, the study cases were 
selected. They had to be significant samples of this housing type and should collect the 
maximum variety. 
     This selection has been carried out from the information of the Municipal Historical 
Archive of the city, where the architectural projects of the protected dwellings groups are 
preserved. Those carried out by Obra Sindical del Hogar during the 1950s were extracted and 
a significant sample was selected from among them. 
     It was carried out a comprehensive analysis from each group of dwellings, focusing in 
three points of view: urban site, residential grouping and, finally, typologies of dwellings. 
This analysis and its subsequent comparison with the current regulatory will serve to 
highlight the gaps and needs of the analysed models, which will be a starting point for 
drawing up the optimal intervention proposals for each case and which can be used as a 
reference for future actions in this type of housing. 

3  RESULTS 
The three selected housing groups are signifying examples of the Obra Sindical del Hogar’s 
production carried out in Castellón de la Plana during the 1950s. They collect the 
architectural criteria which regulated the building of this type of houses in those years. In 
particular, those relating to the Law on Protection to Low-Income Housing System published 
in July 1954 and the 20,000 workers’ housing annual plan for regulated by the Decree-Law 
of 29 May in the same year. 

3.1  Housing groups 

Group 1. Nuestra Señora de los Ángeles (1955–1957) 
 Site: Magallanes, Gravina and Sebastián Elcano Streets in Grao de Castellón 
 Houses number: 56 
 Plot area: 1,916 m2 
 Occupied area: 756 m2 
 Architect: Vicente Vives Llorca 

178  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 This is one of the interventions that the OSH carried out within the 20,000 
 workers’ housing Annual Plan. They were built as minimum income houses type 
 B and type C, with constructed surfaces less than 50 and 42 m2 respectively. 
 
Group 2. San Vicente Ferrer (1958–1960) 
 Site: West Park, Pintor Camarón Street and Hermanos Quintero Street 
 Houses number: 80 
 Plot area: 2,204 m2 
 Occupied area: 1,075 m2 
 Architect: Vicente Vives Llorca 
 This intervention was carried out following the Law on Protection to Low-Income 
 Housing System, with typologies within the third category, the most economical, 
 whose built surfaces could be up to 92 m2. 
 

 

Figure 1:    Catellón de la Plana and Grao Plan with housing groups location. (Source: Own 
elaboration.) 

Group 3. Obispo Salinas (1958–1960) 
 Site: Obispo Salinas Street 
 Houses number: 80 
 Plot area: 3,369 m2 
 Occupied area: 1,436 m2 
 Architect: Vicente Vives Llorca 
 This third group of housing, like the previous one, was carried out following the 
 Law on Protection to Low-Income Housing System, with typologies within the 
 second and third  categories, whose surfaces were not to exceed 150 and 92 m2 
 respectively. 
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3.2  Urbanisation 

The three interventions were located in the city growth zone. Each of them partially occupied 
one of the planned blocks. 
     The size of these blocks allowed to introduce the functional criteria for low cost rational 
housing which 25 years earlier had been established at the CIAM in Frankfurt [6]. Thus, in 
the three residential housing groups we find narrow linear buildings that ensure a cross 
ventilation and avoids the use of inner courtyards, since every dwellings have, at least two 
façades. The result contrasts with an urban surrounding where the blocks are filled with 
building. 
     In the two groups located in the capital, the linear buildings delimit the perimeter of the 
block and the inside is occupied by other residential buildings, in one of the cases with the 
same type of building and in the other with a residential tower. Only in the case of the group 
located in Grao, the whole plot is occupied by linear buildings, arranged in parallel 
throughout the width of the block. 
     Consistent with this building rationality and its link with the functionalism of the first 
modern architecture, the inner spaces between buildings are equipped with inner streets and 
a large number of parking. 
 

 

Figure 2:  Site Plans. Group 1, Group 2 and Group 3. (Source: Own elaboration.) 

     This priority of the road traffic over the pedestrian shows a delay with respect to the 
proposals, in those years, were being applied in other capitals such as Madrid or Barcelona 
where, following the Nordic influences, react against the excessive schematic of rationalist 
architecture, incorporating psychological factors in its approaches and returning man and his 
habits to the centre of the question [7]. As a result, housing was not only economically and 
functionally optimized but also surrounded by a pleasant environment that enhanced 
community life. 

3.3  Residential grouping 

The way of grouping dwellings is the same in the three groups and it is a consequence of the 
double façade of the dwellings that forces to have a vertical communication core every two 
dwellings. In this way, the linear buildings adapt to plot length adding more or less of these 
vertical communication cores. 
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     Among nine linear buildings comprising the three housing groups analysed, seven use a 
stairway in two sections facing perpendicular to the façades, one more uses a stairway in one 
section following longitudinal direction and the last one is solved with a stairway in three 
sections. Among the three stairway typologies, the first allows to access deeper to the 
dwellings inner, which makes easier the house distribution and decreases the circulations 
areas within the dwellings. 
 

 

Figure 3:  Residential grouping. (Source: Own elaboration.) 

     Except two cases, the supporting structure is arranged in perpendicular to the façade line 
which is reflected on the outside with continuous retractions throughout the length of the 
linear building and it is a consequence of the area each room needs. 
     Only two of the linear buildings in the Grao group use another type of supporting 
structure. In this case, it is solved with walls run alongside the building, which generate two 
bays of constant depth throughout the length of the building. In this way, continuous 
elevations are achieved only interrupted at the ends that move slightly outwards to increase 
the occupied area. This is achieved by the interruption of one of the bays which is replaced 
by a new bay in perpendicular direction. 
     Regarding to integrated uses in buildings, in all cases housing is the only use included at 
every floors, including on the ground floor, according to the residential character of the 
complex. In addition, all the linear buildings are covered with a flat roof. 
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3.4  Housing unit 

As it has been said above, thanks to the narrow linear buildings a cross ventilation is possible 
in every dwelling. This type of dwelling is rooted in the hygienist principles of rational 
architecture from the beginning of the twenty century which required to ensure a right 
lighting and ventilation of each of the rooms that had to be done directly through outdoor 
areas. 
     Functionally, three types of housing are distinguished: 
 
Type 1. This type is the most used. Every dwelling in the second group used it, as well as 24 
of the first and half of the third group. In total, 144 dwellings, this is two thirds of the built 
dwellings in the three groups. 
 

 

Figure 4:  Type 1 and option. Floor plan. (Source: Own elaboration.) 

     In this type of dwelling, the supporting structure is arranged perpendicular to the façade 
to create different size bays with a maximum depth of 7.2 m which allows to house two rooms 
per bay, thus, each room is light up from an opposite façades. 
     In this way, the first bay is composed by the bathroom and the master bedroom which are 
separated by a small entrance foyer. The staircase also is a part of this first bay. The central 
bay contains whole program of day area, kitchen and living–dining room meanwhile the third 
and last one is completed with two other bedrooms. 
     One variation on this type is used in the first group where the rooms of the first and second 
bays are different. Thus, the first bay consists of wet areas, kitchen and bathroom, on one 
side and the staircase on the other, meanwhile the central bay is occupied by the living room 
and the master bedroom. 
     Dwellings are arranged symmetrically respect to staircase and all of them have three 
bedroom, except at the ends of the building where dwellings have four and five bedrooms. 
At one end, the last bay is extended to increase its area to be occupied by three bedrooms 
instead of two. At the other end, it is added a new bay with two bedrooms. 
 
Type 2. This type is used in half of the dwellings in group 3. 
As in the previous type the supporting structure is arranged perpendicular to the façade 
although this time the building is solved with three bays with different widths and a depth 
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which exceeds 9 m. This larger size is used to get a larger area of each of the rooms, so a 
larger dwelling with more than 20 m2 than those of the previous type. 
     Unlike the previous ones, this type of housing does not use the living room as a foyer, but 
it is placed on the first bay where the staircase and entrance foyer are too. Rest of the rooms 
are accessed from an interior corridor. The dwellings incorporate a gallery that, although it 
is in communication with the kitchen, it occupies the same bay that the living room. Wet 
areas, bathroom and kitchen, are placed in the middle bay, which they share with the master 
bedroom, remaining the rest of the bedrooms in the last bay. 
     As type 1, dwellings are arranged symmetrically respect to staircase and all of them have 
three bedroom, except at the ends of the building where dwellings have four bedrooms thanks 
to the increase of the area of the last bay where three bedrooms are placed. 
 

 

Figure 5:  Type 2 and option. Floor plan. (Source: Own elaboration.) 

 

Figure 6:  Type 3 and option. Floor plan. (Source: Own elaboration.) 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  183

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



Type 3. This type was only used in 32 dwelling of the group 1. 
In this type, the supporting structure configures two bays with constant width alongside the 
building so the depth of the dwelling is determined by the width of these two bays. This is a 
bit more than 6.5 m, the smallest of all the cases studied. 
     Another difference is how the dwelling are placed that in this case they are not 
symmetrically arranged respect to staircase, but dwelling with two and three bedrooms are 
alternating alongside the building. 
     Two variations on this type were projected at the ends of the building. They are 
consequence of partially increasing the depth of the day area thanks to the addition of a new 
perpendicular bay. This increases of the area is occupied by the living room at one end and 
by a bedroom in the other. 
     The housing programme is distributed in such a way that the whole day area is included 
in the east facing bay while the night one falls on the opposite to west. The living room also 
works here as a foyer, minimizing the circulation areas which are reduced to the small 
entrance area. 

4  CONCLUSIONS 
The analysis carried out shows the appropriateness of rationalist models for massive 
production of this type of low-income housing, in particular during the years of economic 
shortage suffered by Spanish cities like Castellón in the middle of the last century. 
     In Castellón, this lack of resources was possibly the main cause of the delay in the 
implementation of the new trends coming from northern Europe which were already being 
applied in other parts of the country where proposals were focused on the human aspect of 
common outdoor spaces to create environments with a scale closer to the individual, instead 
the functionality of the rationalist linear building. 
     This priority of the economy can be seen not only in the minimal sizes of the dwelling but 
in the adoption of the most profitable constructional systems like the bearing walls in 
perpendicular direction to the façade line which allows the easy expansion of the area to be 
constructed in each bay, according to the needs of the rooms. 
     As a counterpart, this structural system entails no discrimination of orientations between 
the day area and the night area, the bedrooms are placed in both orientations, which is a new 
evidence of the preference for structural system over the functional arrangement. 
     Another of the characteristics that emphasizes the economical character of these housing 
buildings is the reduction of the circulation areas to the minimum, as it is shown by the central 
position of the living room that acquires, in most of the housing, the function of foyer to 
access the rest of the rooms. 
     From a urban point of view, these interventions were intended only as housing containers, 
as evidenced by the absence of shops on the ground floors. This has caused the appearance 
of residential areas in the city which, depending on the size of the intervention, have become 
a neighbourhood. 
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ABSTRACT 
The Casa da Igreja of Mondim de Basto (1958–1961) is a pioneering work of architectural renovation 
in the career of the Portuguese architect Fernando Távora (1923–2005), where he applies the theoretical 
approaches of conciliation between the values of tradition and the advances of the Modern Movement 
directly on the historical pre-existence. The design was at a time of extraordinary intellectual density 
and great architectural production of the author, coinciding with his attendance at the last CIAM and 
conduction of the “Inquiry into Popular Architecture in Portugal”. Though little investigated previously, 
Casa da Igreja can be considered a paradigm of the so-called “third way” and an experimental work in 
search of personal criteria of heritage intervention. The project reveals careful analysis of pre-existence, 
supporting sensible introduction of contemporary language in respectful continuity with the forms and 
atmospheres of the past. This design strategy shows the key points of an emerging modus operandi to 
be developed in later interventions with strong repercussion and pedagogy in the Portuguese context.  
Keywords: intervention on architectural heritage, restoration criteria, Modern architecture, Baroque 
manor house, Third-Way, Fernando Távora, Portugal. 

1  INTRODUCTION 
The career of the Portuguese architect Fernando Távora, one of the mentors of the “Oporto 
School”, was closely linked to the intervention in architectural heritage. Távora had important 
refurbishment works in his career. Also, he was very interested in history of architecture, 
vernacular construction and Portuguese art. His ambition of modernity in continuity with 
tradition (summarized in the motto “to continue innovating”), the dialectic imbrications of 
contemporary language with the forms of the past, or the respect for the previous scales and 
atmospheres of the buildings were some of the features that characterize his particular way of 
intervening in built heritage; a quite personal, widely praised and influential method. 
     The aim of this paper is to demonstrate that Távora’s innovative modus operandi had been 
drafted at the end of the 1950s, in the renovation of the Casa da Igreja in Mondim de Basto. 
This work, although hardly previously studied, can be considered an experimental project of 
intervention on historical pre-existence and, in addition, a paradigmatic case of the “third 
way”, made in a period in which the architect tried to syncretize multiple influences: 
vernacular and contemporary, erudite and popular, national and international.   

2  BETWEEN TRADITION AND MODERNISM: THE COMMITMENT WITH A 
VERNACULAR ROOTED CONTEMPORARY ARCHITECTURE  

The publication in 1945 of the essay O problema da casa portuguesa and the celebration in 
1948 of the I Congresso Nacional de Arquitectura opened a stage of search for a 
contemporary architecture capable of integrating the advances achieved by the Modern 
Movement with the values of history and tradition. This essay pointed out the consequences 
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of a political situation of Portugal, a country leaded by a conservative, nationalist and 
traditionalist dictatorship, which blocked the proper development of avant-garde architecture.  
     The proposal of a “third way”, formulated among others by the young Fernando Távora, 
was a possible alternative to conciliate the modernity of the International Style with the 
traditional Portuguese architecture, in such a way that it was possible to update living 
standards without renouncing the national identity. Architects such as Távora, Keil do 
Amaral, or Januário Godinho sought, theoretically and through experimental projects, a 
critical and contextual implementation of the Modern Movement principles. 
     Fernando Távora’s attendance to some of the latest CIAMs allowed him to become aware 
of the change of direction taken by the European architectural avant-garde. The youngest 
attendees, founders of the Team X, advocated recovering the consideration of the specific 
conditions of the context, namely the cultural, historical, geographical, climatic, etc.  
     On the other side of the ocean, in Brazil, an exuberant modernity was being developed; 
an architectural production with distinctive and genuinely national characteristics that 
decisively influenced the progress of a modern architecture in Portugal, adapted to its own 
regional singularities. Brazilian modernism, although directly inheriting Corbuser's 
modernity, unlike this one, was able to establish a close link with the preexisting cultural 
tradition through the creative reinterpretation of elements and materials taken from popular 
construction, such as brise-soleil, cobogós, latticeworks or tile mosaics [1]. These influences 
arrived in Portugal through the catalog of the exhibition Brazil Builds: architecture new and 
old, 1652–1943, shown in the MoMA [2]. The new sensitivity to tectonic and vernacular 
traditions is reflected in works such as the tennis pavilion of the Quinta da Conceição and in 
Casa em Ofir (1956). In both, Távora managed to materialize the much-sought-after 
synthesis in a complex and harmonious combination of contemporary and vernacular 
references, national and international, using traditional and modern materials simultaneously, 
with great exquisiteness and attention to detail. 

3  FERNANDO TÁVORA: THE PROPOSAL FOR NEW APPROACH ON 
HERITAGE INTERVENTION 

The “third way” approach sustained by Fernando Távora was a decisive contribution for the 
ex-novo Portuguese architecture, but it was no less relevant the proposal of an innovative 
way of approaching the intervention in the historical heritage. The relationship between 
“new” and “old” raised by Távora moved away from the traditional dichotomy between the 
Romantic principles of non-intervention and stylistic restorations. Nor did he exactly 
conform to Boito’s and Giovanonni’s scientific restoration approach (minimum intervention 
and distinguishability of the additions), which sustained the 1931 Athens Charter and the 
1932 Italian Principles for the Restoration of Monuments, subsequently largely taken over 
by the Venice Charter (1964). 
    Until then, the prevailing praxis in Portugal, strongly conditioned by the nationalist 
ideology of the Estado Novo, was the repristination. The guidelines provided by the 
Direção-Geral dos Edifícios e Monumentos Nacionais (DGEMN) usually prescribed a 
mimetic language, with the aim of restoring an idealized primitive forms in the monument 
[3], [4]. Távora was totally opposed to the predetermined and banal use of formal elements 
taken from historical styles, a common practice that gave rise to clumsy falsifications of 
ancient buildings, contemptuously described as “pastiches”. However, neither did he assume 
the codes pre-established by the international recommendations, nor did his attitude of 
relationship with the pre-existing remained invariable throughout his career. In fact,  
Távora developed a very personal method of intervention in heritage, case by case, strongly 
influenced by his own life experience and wide-ranging education. His deep sensitivity  
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to traditional Portuguese culture, his vast knowledge of history and art, receptivity to multiple 
contemporary influences and desire for architectural modernization of the country converged 
synthetically in a very particular way of approaching the intervention in pre-existences. 
     Távora’s attendance at CIAM was also a decisive experience at a theoretical level; in 
several ways. On the one hand, he could be a direct witness of the new direction of modern 
architecture; and, on the other, he was able to interact with other colleagues, likewise 
interested in issues related to the contemporary creation in the historical heritage. Although 
his anthropological concerns coincided with those of Aldo van Eyck, however, he established 
a much stronger personal and intellectual affinity with the members of the “Italian current”. 
Necessarily he had to share with E.N. Rogers the ideas on the dialectical continuity between 
the new and the old and the specificity of each case, that later assumed as fundamental pillars 
of his stance on heritage renovation. Numerous reflections by the Italian theorist on the need 
to establish continuity between personal creation and the presence of tradition left a strong 
imprint on the Portuguese architect.  
     It should also be considered that the publication of Rogers’ essay Esperienza 
dell'architettura [5] is coeval with the renovation project of the Casa da Igreja (1958). 
     In line with this conceptual framework, Távora affirmed that there is no difference 
between designing new buildings and the refurbishment of preexisting constructions: “I like 
to intervene in existing buildings; but not in the sense of recovery or restoration, but with a 
broader vision of architect. All projects are, in fact, refurbishment” [6]. According to his 
position, problems that concern both the new architecture and heritage interventions would 
not be different problems, but “a problem of creation” [7]. 
     At the same time, the powerful Brazilian influence also bequeathed valuable lessons in 
heritage matters. In fact, with the Museu das Missões (1937), Lucio Costa had anticipated 
several decades the approach of some concepts that would be recurrent in post-war Europe. 
Despite its apparent simplicity, this project presents polyhedral readings on the relationship 
between pre-existence and contemporary addition: analogy, contrast, transparency, the reuse 
of fragments, the evocative capacity of ruin, etc. Some project mechanisms of intervention 
are also raised here, later assimilated by Távora, based on the simultaneity of vocabularies, 
which in this case is reflected in the recreation of the traditional alpendre (free interpretation 
of the concept of anastylosis) and, in parallel, the introduction of a glass volume as a silent 
expression of modernity [8]. 
     Thus, Távora forged in the years after CIAM a complex heritage intervention 
methodology and criteria, characterized by the sensitive insertion of contemporary language 
in respectful continuity with the forms and atmospheres of the past, operations preceded by 
a deep historical study of pre-existences, their understanding through observation and 
drawing, as well as an intense intellectual process to reconcile different times and influences 
in a fluid and natural way. Among other renovation projects, the expansion of the Pousada 
de Santa Marinha da Costa (1972–1985), the Escola Superior Agrária de Refóios do Lima 
(1987–1993) and the Casa da Rua Nova (1985–1987) can be highlighted; works that have 
had great impact and pedagogy in the Portuguese context. According to Távora’s statement 
for the first of them, “the general criterion adopted in the project […] was ‘continuing 
inovating’ or, in other words, to continue contributing to the long life of the building, by 
conserving and strengthening its most significant spaces or creating qualified spaces 
determined by the conditions of its new function. The intention was to create a dialogue, 
highlighting the affinities and the continuity rather than the differences and the break from 
the past” [9]. However, a few years before the aforementioned renovations, he had already 
developed a conceptual and methodological approach in the refurbishment of the Casa da 
Igreja in Mondim de Basto, a revealing design since it is the architect's first architectural 
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renovation work, in which he applies the conciliatory theoretical approaches of the “third 
way” directly in the historical pre-existence. 

4  THE CASA DA IGREJA AS AN EXPERIMENTAL WORK OF HERITAGE 
INTERVENTION WITHIN THE “THIRD WAY” 

4.1  The pre-existence: The Casa da Igreja of Mondim de Basto 

The Casa da Igreja is a manor house located in the city of Mondim de Basto, in northern 
Portugal. It is settled next to the parish church, in a former farming land, isolated from the 
medieval urban core. Although documented since 1575, the current building dates from the 
last quarter of the 18th century, according to the preserved historical documentation and its 
morpho-typological characteristics. 
     The house is arranged in an L shape on a plot with a certain slope, so it has a semi-
basement and a noble floor which is climbed by a staircase from the main access. This façade 
faces the street and exhibits and harmonious formal composition, following the patterns of 
the Portuguese Baroque (Fig. 1). The rhythmic configuration of the balconies and the 
horizontality of this elevation (emphasized by the eaves) are interrupted in the center by the 
access arch, which is topped by a pediment and preceded by the stairway. This portal gives 
access to the main halls and to the chapel, which is the core of the house and acts at the same 
time as separation and connection between the two wings into which the house is divided 
(each one with its own characteristics and able to operate with a certain independence). 
 

 

Figure 1:  Main façade of Casa da Igreja, seen from the street. 

     The backyard was originally dedicated to different domestic service activities and other 
agricultural works, undergoing diverse alterations throughout the nineteenth and twentieth 
century, as functional needs arose. The front yard, on the contrary, has a representative status, 
standing out several specimens of camellias (camellia japonica). 

4.2  The general criterion adopted for the intervention 

In 1958, Mr. Antonio Lage entrusted Fernando Távora with the renovation project of the 
Casa da Igreja (see Figs 2 and 3). The state of conservation of the building at that moment 
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is currently unknown. Anyhow, the architect undertook an in-depth reform. The final project, 
dated February 1959, presents slight changes with respect to the preliminary draft regarding 
the distribution of some spaces, although the general criterion of the intervention was 
maintained. The construction works had to extend for a year approximately (1960–1961).  
     As previously mentioned, this project can be considered an essay of Távora’s modus 
operandi of heritage intervention, characterized by the skilful integration of the new spaces 
and functions within the continuous and temporally extensive formal process of the old 
buildings. The architect himself acknowledges to be exploring a model of intervention 
different from the usual one: “what was important in this work was to establish a restoration 
criterion different from that which was currently being used […]. I tried to use a ‘healthy’ 
restoration criterion: neither denying the past, nor attempting to rehash it”; statement that he 
himself deepens: “the switches were not patinated as they were in some place in Guimarães, 
the carpentries do not try to reproduce others, sometimes even nonexistent, the stone cornice 
converges at a certain height with another one of bush hammered concrete, etc.” [10]. This 
statement can only be understood in the context of the “third way”, in a moment of rejection 
of the artificial use of the forms and elements of tradition. That is, what is being built ex novo 
must intensely express its contemporaneity, making use of new materials but seeking, 
simultaneously, the best possible relationship with the forms of the past. What was intended, 
according to the architect, was “a dialogue with our heritage by means of current day style, 
obtaining in this synthesis of styles a fresh and cheerful work” [10]. 
 

 

Figure 2:    Plan of the renovation of the Casa da Igreja. Grey plot: to maintain; black plot: 
to build new; dashed line: to demolish. (Source: Arquivo da Fundação Marques 
da Silva [11]). 
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Figure 3:    Elevations and sections of the renovation project of the Casa da Igreja. (Source: 
Arquivo da Fundação Marques da Silva [11].) 

4.3  Deep renovation but preservation of character and atmospheres  

One of the main premises for the transformation of the house was the “conservation and 
enhancement of all its character, making it perfectly livable within a current concept of life” 
[11], a sentence that encapsulates the syncretism that this work possesses. On the one hand, 
Távora is concerned to preserve the historic values of the manor house but, at the same time, 
intends to create a contemporary domestic space, a concern latent since his essay O problema 
da casa portuguesa (1945), in which he calls to develop “a Portuguese architecture of today” 
[12], an updated domesticity adapted to the conditions and needs of a new era.  
    In the effort to strengthen the character of the house, the main elevation was not only fully 
preserved but the architect decided to give it a greater prominence thanks to the reform of the 
enclosure in the front yard, removing the fence and lowering the height of the wall to increase 
the visibility of the baroque façade and the garden from the street. Likewise, the singular 
arrangement of the house around the central chapel was respected. Moreover, the stately 
ambience of the most emblematic rooms of the residence was preserved, particularly in the 
main hall and in the master bedroom (see Fig. 4), which were also the only ones that 
maintained the old ceilings, possibly the most valuable element. 
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(a) 

(b) (c)

Figure 4:    Rooms of the Casa da Igreja, currently. (a) Master bedroom; (b) Dining room; 
(c) Main hall. 

     In his own manor house in Covilhã, recovered a few years later, there is a similar concern 
for preserving the aristocratic atmosphere of the halls, where a repertoire of classic furniture 
and an extensive collection of pieces of art were placed: paintings, woodcarvings, porcelains, 
etc. As in Mondim, in those rooms that still retained a genuine “ritual” of historical value, 
Távora chose to intensify the character of preexisting ambiences.  
     This attitude, apparently archaizing, contrasts with the large transformations that Casa da 
Igreja underwent: “The work was total, keeping everything in the building. The work was 
total, keeping everything that really possessed character and that was not ‘pastiche’” [10]. 
Certainly, the work was of great magnitude (in that sense it was “total”), since the building 
was entirely renovated. These changes affected even the floor slab (rebuilt in reinforced 
concrete), the roof (new wooden frame and tiles) and, specially, the rear façade, which was 
deeply renewed. Although both the NE and the SE façades and the load-bearing walls of the 
manor house were maintained, the architect extensively modified the arrangement the 
interiors to achieve contemporary domestic spaces: corridors were introduced instead of the 
traditional enfilade, the geometry of the rooms was regularized (to get quadrangular rooms), 
new bathrooms with diverse sanitary ware were added as well as other modern facilities: 
electricity, telephone, heating, hot water, etc. 
     The transformations that were carried out did not alter, but rather emphasized, the singular 
organization of the house around the central chapel, which links and separates the two 
different parts into which the residence is divided. In the north wing, an area with permanent 
residential character, partitioning experienced notable changes, with the exception of the 
representative rooms. Here, in the central loading wall, several wardrobes and cupboards 
were embedded, thus clarifying the geometry of the spaces. At the same time, this central 
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wall nests and separates circulations and different functions, orienting the living rooms  
and bedrooms towards the exterior front and the kitchen and dining room towards the 
backyard. A new body for the service spaces was added at the end of the domestic wing, as 
an appendix. On the other side of the chapel, the south wing could be understood as a guest 
area or auxiliary residence, with a common lounge and four similar bedrooms, with private 
bathroom. The common living room and two of the bedrooms are connected by a new porch, 
conceived by Távora, that faces the back garden, closed by large wooden sliding lattices (see 
Figs 2 and 3).  

4.4  Materials and finishes: the ability of detail to reconcile tradition and modernity  

In relation to the furniture and interior finishes, the architect detailed all meticulously, both 
in the project report and in the specifications, particularly, the materials to be used and their 
characteristics (treatment, application method, colors and qualities), according to the luxury 
and refinement character of an aristocratic house. Therefore, he stipulates the quality of the 
wood of the pavement (both exotic – macacauba, mahogany – and national – chesnut wood), 
its layout (two-tone design in the most representative rooms), the coating material for the 
bathrooms (hydraulic tile, ceramics, marble, etc.), the characteristics of the sanitary ware and 
accessories, etc. 
     It is interesting to note how Távora intends to combine respect for traditional 
environments and constructive systems with contemporary functions and a renewed plastic 
language in the choice of materials and in the definition of the details (“all the finishes will 
be taken care of not only to the function of each piece, but to an overall spirit that without 
denying the past must be perfectly contemporary”) [11]. This issue is evident in the choice 
and treatment of carpentry, coexisting interior doors of modern design (simple, stylized and 
painted white) with preexisting ones of Baroque aesthetic, opting choosing to preserve the 
old elements whenever the state of preservation allowed. This happens also with the two 
magnificent cupboards of beautifully carved wood, of historicist appearance (possibly made 
in the twentieth century), located in the kitchen and in the dining room, which remain in 
harmonious coexistence with the contemporary design solutions that Távora designs for the 
abovementioned rooms. 
     The (re)construction works were mostly handmade, barely prefabricated, using local 
labour and common materials (tile, stone, wood, concrete, etc., both vernacular and modern 
techniques that regional masons mastered) which contrast with the sophistication of some 
interior finishes. In addition, the lack of definition of the plans caused many doubts to the 
workers who, on several occasions, directed their queries to the architect’s office in search 
of precise instructions for the execution of the details. As was usual in other Távora’s works 
(who enjoyed talking with the artisans and receiving their suggestions), the final result differs 
in some aspects of the project, as consequence of unforeseen events and other changes 
decided during the works, without ever taking shape on paper. 

4.5  Modernity in dialogue with tradition: the new porch and the backyard renewal 

Fernando Távora already knew Casa da Igreja a long time before carrying out the project, as 
shown in a meaningful photograph taken at the beginning of the 40s (when he was still an 
architecture student at the Escola de Belas Artes do Porto). In that snapshot (Fig. 5), he 
appears in the backyard, leaning against the wall, drawing in a notebook the disordered forms 
of the rear façade (which he later judged as “questionable”), successively added to satisfy 
agricultural and domestic needs, and built without any type of compositional criterion. 
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Figure 5:    In the left picture Fernando Távora is in the backyard of Casa da Igreja, taking 
notes, at the beginning of the 1940s (more than ten years before the 
refurbishment project). In the right picture, the same place today. (Source: 
Arquivo da Fundação Marques da Silva [11].) 

     Távora was aware that the additions had distorted the original characteristics of the house, 
which at this point reached too much depth and height. Taking advantage of the 
predisposition of the owners to remove the additions, the purpose of the planner was to 
recover the previous profile of the building, highlighting the figure of the chapel as the heart 
of the house, and to give this façade a unitary image and its own identity within the whole. 
So, this attitude may be interpreted as an initiative to recover “the spirit of the building”, 
which, unlike the restorations of repristino, is enhanced by a vividly contemporary language. 
In fact, this façade concentrates a large part of the author’s creative efforts, since this is where 
the desire to reconcile the forms of the past with the language of his time is most radically 
expressed. This new front is designed according to modern compositional procedures: it is 
horizontal, abstract, geometric, vibrant and, nevertheless, deeply inspired by the typologies, 
materials and techniques of the vernacular construction. 
     Távora’s involvement in the Inquérito à Arquitectura popular em Portugal allowed him 
a deep knowledge to the popular architecture of the northern region of the country.  
Undoubtedly, when designing the new porch, the architect had in mind the functional and 
tectonic scheme of the vernacular house (casa de lavoura minhota), characterized by the 
varanda, a covered but open space, which was an essential frontier between the public 
outdoor space and the privacy of the interior rooms. 
     Undoubtedly, the sliding wooden latticework system is the focus of the new façade’s 
composition (see Fig. 6). The choice of these panels could be understood as an allusion to 
the light wooden enclosures in popular architecture, such as the ones in espigueiros and 
sequeiros, whose permeability allowed the ventilation and drying of stored cereals. However, 
a reference could also be made to the latticework that, coming from the Islamic tradition 
(mashrabiya), had been implemented in the popular architecture of northern Portugal 
between the 16th and 18th centuries, especially in cities such as Braga and Guimarães. This 
technology was taken to Brazil in colonial times, and there successfully incorporated by its 
effective adaptation to tropical climatic conditions. These traditional solutions, with an 
abstract design and great bioclimatic efficiency, caught the attention of the main architects 
of Brazilian modernity, among them, Lucio Costa and Oscar Niemeyer. From the 1930s they 
recovered this element, creatively transferred from the colonial tradition to contemporary 
construction, taking advantage of its usefulness as a sunscreen and protector of the privacy 
of the rooms. These lessons, widely spread in Portugal (at first through the book Brazil 
Builds), were appropriated by Keil do Amaral and Januário Godinho in experimental works 
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in the 40s and 50s and, finally, by Fernando Távora. It is curious to see how lessons in popular 
architecture came back to Portugal, after being filtered by the modern reinterpretations of 
Brazilian architects.  
 

 
(a)

  
(b) (c)

Figure 6:    (a) View of the northwest wing, the wooden latticework facing the backyard; (b) 
Detail of the meeting between the baroque cornice and the beam of the alpendre; 
(c) Latticework of the dining room, facing the backyard. 

     Furthermore, the enhancement of the backyard, its conversion from agricultural and 
domestic workplace to space for contemplation and enjoyment, required a careful treatment 
of outdoor environments, with water, vegetation, pavements, etc. The reconditioning of the 
external garden was later directed by the prestigious landscape architect Ilídio Araújo. 
Távora’s operation was limited to the enclosure next to the house, a small but sufficient area 
to verify some compositional attributes similar to those applied in the Municipal Park of 
Quinta da Conceição, started in 1956 and that at that time was still being executed (it was 
completed in 1962). The architect managed to enhance the backyard with few elements: an 
opening, a swerved wall, a change of pavement, a tree, a pond, enough to create figurative 
images, suggest enclosures and invite to tour the garden. The bare concrete walls, now 
covered by the patina of time, are integrated naturally into the spatial structure of the estate, 
in formal and chromatic continuity with the granite walls of the terraces, in that ambition of 
continuity, of timelessness, of seeming to have always been there. 
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5  CONCLUSIONS 
The Casa da Igreja of Mondim de Basto is a key project to understand Fernando Távora's 
subsequent work on heritage intervention, in which some conceptual and methodological 
guidelines are already perceived, that will be strengthen, years later, in works such as the 
Pousada de Santa Marinha da Costa or the Casa da Rua Nova. 
     Távora was able to understand the compositional principles of pre-existence, as well as to 
diagnose its problems and lacks. This was achieved through the introduction of a new 
unifying geometry in the interior spatial organization and in the rear front, without thereby 
distorting the morpho-typological principles and the identity of the pre-existing construction. 
The new membrane, of wooden sliding doors, updates the rear elevation, using geometry 
as an abstract element that gives rhythm, harmony and balance to the façade. In a way, this 
is a classicist operational approach, introducing a new order in a pre-existing building 
(a syncretic operation that unifies its complexity, overlapping pre-existing layers), in a 
sense of permanent modernity: understanding the lessons of history and its constants to 
continue innovating. 
     Certainly, this project is an experimental exercise in which Távora explores diverse 
criteria of intervention in the search for a common thread between “new” and “old”: 
philological restoration, preservation of previous atmospheres, transformation of pre-existing 
elements and introduction of new ones in a markedly contemporary language. Hence, Távora 
assumed this work as an essay of methodologies and solutions, which would later be 
consolidated in works with more repercussion. 

 In its tectonic conception, this intervention also constitutes a small manifesto of the 
sought-after synthesis between tradition and modernity, in the sequence of the aforesaid 
works of Ofir or the Quinta da Conceição: the new wooden latticework and the concrete beam 
of the a coexist naturally with the molded cornice of stone and the covering in ceramic tiles 
of the baroque construction. It is also surprising how in this work some lessons later 
assimilated by the visits that Távora made, sometime later, to the works of F. L. Wright and 
to Japan already seem to be anticipated. 
     Some doubts remain regarding the scarcity of reviews and disclosure. It was barely 
published, despite its relevance as an experimental work; even Távora himself hardly refers 
to it, neither in interviews nor in his texts. This anonymity (the ignorance of its architectural 
values), may have contributed to its progressive abandonment, being currently in a state of 
degradation that puts at risk the conservation of this important testimony and manifesto of 
the affirmation of a modern approach in the intervention on historical heritage in Portugal. 
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19TH CENTURY SALT BATHS OF TRANSYLVANIA 
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ABSTRACT 
The cultural concept called the Salt Road is closely related to the connection between salt and salt 
mining throughout their multimillenary historical development in view of the economic, demographic 
and territorial impact on the settlements, in comparison with the revenue resulted from the exploited 
amount of salt and the earned income, to which the hydropathic character is added during the 19th 
century, which transforms and freshens the cultural tradition of the use of salt in the development of 
the settlements. The Romanian research remained due to the elaboration of a detailed analysis of the 
historical, vernacular and vacationer architectural patrimony. The spa-oriented feature had become part 
of an extended tendency aimed at enhancing the value of existent spa resources in Transylvania and 
Europe in the late 19th century. The endeavour to turn to good account the balneary potential in 
Transylvania used to be productive and attractive in its early days and the importance of the spas was 
significant and beneficial to the inhabitants. The awareness and deep insight into the past through the 
promotion and presentation of its history are intended, not only in order to protect the originality and 
peculiarity of the cultural and historical site, but also to inspire future generations 
Keywords:  salt, salt mining, salt road, Transylvania, hydropathic baths, settlement growth, cultural 
identity, local and regional heritage, history, vernacular architecture. 

1  INTRODUCTION 
To begin with, the author can speak neither about salt-generated hydropathic resorts, nor of 
the importance of salt in the development of human communities, even more within those 
settlements that developed salt resorts before a brief presentation of their evolution is made. 
     This study represents a small summarized part of a larger doctoral research thesis 
undertaken by the author, which depicts aspects of the spa resorts origins analysed from the 
perspective of the mining and of the Salt Road development. This aspects and connections 
have never been made in Romanian studies until now and this is the first attempt to coagulate 
different fields into a larger cultural concept in which both salt exploitations and salt spas can 
be merged under the newly developed cultural heritage concept of the Transylvanian Salt 
Road. Another goal of the paper is to detect and present elements that can be introduced in 
this concept as well to identify a common style in the architecture of salt spas. For  
the development the Salt Road cultural heritage concept it was necessary to investigate the 
history of localities in study as well as the history of Europe. This information was correlated 
and overlapped with the topographical maps of the region for the urban planning analysis. 
     A brief look at the evolution of human civilization enables us to ascertain the major 
importance that salt has had in the economic and social development of communities. In 
Transylvania, salt was the warm blood that maintained the life in these places. Europe is the 
richest continent in salt deposits and the Romanian Carpathian area has represented  
the “Europe’s salt-cellar” for ages [1]. 
     Thus, salt has had an important role over time, both in trade and in “maintaining good 
health and, in places where it comes in contact with natural water springs, spa baths with 
therapeutic purposes emerge, baths which served in those old times the needs of people  
with varied ailments and brought over many foreign tourists” [2]. 
     Following the trends of the age in Europe, in the middle of the 19th century, the 
valorisation of the sites with a balneary potential in Transylvania began and new balneary 
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resorts, which became famous in the following century, were founded: Sovata, Ocna Sibiului, 
Ocna Mures, Corund, Turda, Cojocna, Sangeorgiu de Mures, Jabenita, Bazna. But their true 
valorisation was only accomplished towards the end of the 19th and the beginning of the 20th 
centuries, when the first modern treatment facilities, as well as the related accommodation 
spaces, such as villas and hotels, were built [3]. 
     During the 19th century and the turn of the twentieth century, many specialists carried out 
extensive studies on mineral waters, spa resorts and salt exploitations in the research area. 
     Spengler Oswald mentioned: “The evolved man is a city-builder animal. Universal history 
is the history of the urban man. People, states, politics and religions, all arts and sciences are 
based on the only form of archaic human existence: the city” [4]. Each city has its own 
history, at the same time, its membership in certain conceptual categories is obvious. 
     As a result of the undertaken observations and research it can be concluded that many 
establishments, considered architectural masterpieces of the time, are in an advanced state of 
degradation. Considering that “modern times take their toll on old cities, often erasing, 
changing or altering them, yet always keeping old elements worthy of attention” [5], it is 
necessary to point out that the disappearance of any element in the original aspect of any spa 
compound leads to the extinction of a remarkable witness to former spa resorts. 
     The constructive and plastic experience accumulated within such programs turns into an 
advantage for architecture, as a whole, and, consequently, it plays a major role in the history 
of architecture [6]. 

2  SALT AND THE DEVELOPMENT OF THE SALT ROAD 
Salt dependence is physiological, and the flexibility in using it throughout history has made 
it one of the most valuable and rare products. The history of salt mining has overlapped the 
history of human civilization since times immemorial. “If there is no salt, there is no human 
life and, of course, no history and historians, linguistics and linguists” [7]. 
     “Salt is one of the factors that facilitated the emergence of settlements, therefore its history 
merges with the history of the great civilizations, since, around salt mining areas, important 
human agglomerations were formed” [8]. These are the core of the concept of Salt Road, 
since the multimilenary existence of the localities in which salt is exploited, is the one that 
generates other cultural elements. 
     The presence of easily exploitable salt in various forms was a key element in the process 
of sedentarization, being later exploited by local communities as a factor in stimulating the 
development of localities. The lack of salt in the neighbouring territories gave rise to the early 
salt roads, through which this vital resource was traded in more distant territories. 
     The amplitude of salt exploitation and trade had been definitively changed and developed 
to another level during the Roman occupation in Transylvania, when salt was exploited in all 
the areas where it was discovered. Roman administration being the one that established and 
initiated the Salt Road. 
     The spas in Sovata, Ocna Sibiului, Turda, Ocna Mures have their origin, to a certain 
extent, in this period, and the continuous salt exploitation until the 19th century created the 
perfect framework for the use of the former mines, of the salt and water in these places as a 
balneary resource. 
     Thus, centuries of exploitation brought about, besides numerous economic benefits, a less 
intentional component, salty lakes. Within the studied areas there are fewer natural lakes than 
those that formed on the site of former exploitation. 
This is mainly due to the method of exploitation within the first centuries of existence of 
localities. The Romans, who exploited salt from Transylvania on an industrial scale, 
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performed it at the surface. This is how, among others, the Roman Lake in Turda, Horia, 
Cloşca and Crişan lakes in Ocna Sibiu or the Black Lake in Sovata came into existence.  
     Starting with the Middle Ages, cone-shaped mines spawned other salty lakes with a 
smaller area, yet much deeper, such as those in Cojocna or some in Ocna Sibiu.  
     The natural lakes appear due to the infiltration of underground water, which erodes the 
salt mountain, forming sinkholes whose ceiling collapses. (ex. Ursu Lake in Sovata). 
     These lakes, alongside the salt springs, facilitate the development of spa resorts, which, 
in some cases, after the exploitation had been closed, continued to maintain a prosperous 
community and, at the same time, extended the Salt Road concept all the way through to the 
modern period (Fig. 1). 
 

 

Figure 1:  Salt Road on the Romanian Map of Ardeal and Bucovina from 1915. 

3  IMPACT OF SALT EXPLOITATION ON THE BALNEARY  
CHARACTERISTIC OF THE LOCALITIES 

The urban development of the studied localities from 1790 to 1950 results from the analysis 
of the Austrian, Hungarian and Romanian topographical maps. These historical maps are 
public and can be found in web application transposed over the OpenStreetMaps maps. 
     Thus, three Austrian military maps from 1763 to 1887, two Hungarian military maps from 
1869 to 1941 and Romanian maps of the 1950s were analysed. In these analyses, it can be 
noticed the development of the land strip maps, spa areas and mining areas alongside sketches 
of spas and salt mines (Figs 2 and 3). As a final reference in this process, the author 
synthesized the information on the projection system maps of 1950 (Fig. 4). 
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Figure 2:  Military map of Sovata, 1763–1787.  

 
 

Figure 3:  1806–1869 and 1869–1887 Military maps of Sovata. 

 

Figure 4:  Romanian map of Sovata, 1950. 
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     Abroad “there are interesting studies about the connection between the development of 
the resorts and the evolution of the traffic routes, according to which, the development of the 
resorts depends on the development of the railway networks and roads. As for the connection 
between roads and railways the situation is different in Romania since there are no train 
station in many resorts” [9]. In the case of Transylvania, however, it can be noticed that the 
resorts are indeed influenced by the introduction of the railway. Yet, their successful 
development is not exclusively due to the existence of the stations because the height in their 
popularity takes place long after that moment.  
     The 19th century was characterized by a rapid development, resulting in a well-organized 
network of baths in the early decades of the twentieth century [10]. 
     Spas have contributed to the appearance and development of localities, primarily due to 
the buildings that were to accommodate tourists, to those in which treatment was carried out, 
as well as to the bath pavilions and constructions around the mineral water springs [11]. 

4  SPA RESORTS IN TRANSYLVANIA 
The culture of the spas is one of the earliest cultural possessions, and its manifestations, in 
terms of the historical period and the geographical areas, are extremely diversified. Thus, spa 
culture is often specific to a particular civilization [11]. 
     Visiting baths also demonstrates the appearance and development of a new rhythm of life. 
In the balneology books of the time, the best way to maintain health was bath taking. 
     On the other hand, “attending the baths in the big cosmopolitan resorts bears an 
educational component that should not be overlooked. To be accepted in the society of a large 
international resort meant to demonstrate that you managed the many and complicated rules 
that governed it: one had to know the art of conversation, dance, dress codes, etc.” [9]. 
     The emergence of spa resort location is closely related to the industrial area of salt 
exploitation. The bath pavilion used to be located in the vicinity of the spring or former  
salt mine, being the most important building of the spa and offering a wide range of  
tourist services. 
     In the case of Ocna Mureş (Fig. 5 right), the resort appears in the immediate vicinity of 
the mining area and the city centre, on the site of former meanders of the Mureş River, which 
had been systematized to protect the salt exploitation. The location of the resort near the 
mining area was necessary because there were no lakes and the salty water had to be drained 
from underground and pumped into the pools. The connection between the spa and the 
mining areas, respectively the city centre, is made by means of the park of the resort, offering 
the inhabitants an accessible leisure and promenade area. 
 

 

Figure 5:  Ocna Sibiu and Ocna Mureș, 1950. 
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     In Turda (Fig. 6, left) there are two areas of exploitation that turned into salty lakes. The 
first one is on the site of a Roman exploitation in the northeast, where the first spa resort was 
built. The second spa area develops during the interwar period, to the north of the locality in 
the Durgău area, simultaneously with the closing of a neighbouring mine, which had existed 
on the site of old medieval salt pit. Both spa areas are located in the suburbs of the city and 
the development of the locality is more evident in the area of the Roman lakes. This area 
turns, due to the resort and parks, into a large leisure area. 

 

 

Figure 6:  Turda and Sovata, 1950.  

     Without any doubt, the most spectacular development of the balneary area took place in 
Sovata (Figs 2, 3, 4 and 6, right), where the area of the town doubled, and it also had a great 
impact on the number of the inhabitants, a number which became six times larger since the 
first developments. The impact of the resort is significant both in town-planning and financial 
terms, making it the main economic “engine” of the locality. A major town-planning impact 
of the resort on the locality can be seen in Bazna (Fig. 8, right), too. 
 

 

Figure 7:  Praid and Corund, 1950.  
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     In the case of Ocna Sibiu (Fig. 5, left), the presence of the mining and balneary functions 
has a direct impact on the locality, both financially, through the revenue, and from the  
town-planning point of view, through the emergence of an extended leisure area. 
Simultaneously with the industrial area of salt exploitation, the spa resort develops rapidly, 
and, due to the investments, the number of tourists grows and outnumbers the inhabitants.  
     In Corund (Fig. 7, left), Jabeniţa (Fig. 7, center), Sângeorgiu de Mureş (Fig. 9, right) and 
Cojocna (Fig. 9, left), the resorts being smaller in size, had a lesser urban impact than the 
other localities. From a financial point of view, the resort in Cojocna stands out and the large 
number of tourists makes us conclude that the impact on the economic development of the 
locality is much more significant. 

 

 

Figure 8:  Ocna Dej, Jabenița and Bazna, 1950.  

 

 

Figure 9:  Cojocna, Sângeorgiu de Mureș, 1950.  

     On the other hand, in Turda and Ocna Mureş, which had a well-exploited and developed 
spa potential at the turn of the 20th century, there are other factors that contributed to their 
progress: the development of the industry in Turda and, in the case of Ocna Mureş (besides 
industrialization), the salt exploitation is increasing, consequently the locality became the 
most important salt mining area in Transylvania. 
     The development of Ocna Dej (Fig. 8, left) and Praid (Fig. 7, left) localities is generated 
by the existing salt exploitations here, the balneary character being a less important aspect in 
the studied period, but subsequently valorised. 
     There is a continuous process of transformation of former mines into salty lakes. All salt 
mining, sooner or later, got to achieve balneary potential. The results of the presented studies 
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show that in Ocna Sibiului, Sovata, Cojocna, Bazna, Jabeniţa and Sângeorgiu de Mureş, the 
resort is the element that defines the locality and sets its development starting with the second 
half of the 19th century. 
     As for other spa resorts in Transylvania, during the studied period, many localities 
enhance their touristic potential according to their specificity, initially offering inspirational 
models to and competitivity with salt-generated resorts, only to be eventually surpassed in 
popularity by the latter. This way salt-generated resorts become examples for the rest of  
the resorts. 
     Regarding the correlation between the studied resorts and the evolution of the number of 
visitors, it can be asserted that the peak development of the resorts (“the golden age”) takes 
place between 1890 and 1914. Even though this period overlaps the second wave of 
urbanization and industrialization, the steady demographic growth during the golden age is 
largely due to the existence of the resorts in the settlements. This age of prosperity stands out 
and its consolidation in history is due to the global context of the following decades. Thus, 
since the First World War, the population was deprived of both material resources and the 
leisure time needed for spa holidays [12]. 
     In the interwar period, despite the fact that the modernization process continued, some 
resorts fell into decline, becoming resorts of local interest, and others, such as Sovata or 
Bazna, continued to enjoy the same popularity, slightly diminished, though. After 1945, this 
development is even more uneven, and despite large hotels having been built, most of the 
construction heritage and natural environment was deteriorated [12]. 

5  RESORT ARCHITECTURE 
The main architectural styles are reflected in the spa resorts buildings under study. In this 
study historical images were analysed and compared to what’s left today. 
     Considering the characteristics of the folk architecture in the countryside, being adapted 
to the conditions of the geographical environment, they are a good example for the 
construction of buildings in hilly or mountainous resorts. The number of native craftsmen is 
not enough, therefore, architects from other countries, where the Romantic style is widely 
spread, are employed. In the sixth decade of the 19th century, the architectural forms of an 
integral romanticism materialized [13]. Romanticism is gradually abandoned in the late 
quarter of the 19th century [13], yet, its traces are still visible in the early twentieth century. 
     In Transylvania, the 1900 style is secession-oriented, the Romanian motifs of folk 
inspiration are intertwined with the Hungarian ones and generate the neo-Hungarian 
architecture [14]. By Kós Károly in 1907, the authenticity of the Transylvanian culture is 
more obvious than in any other part of Hungary, due to the mixture of ethnicities [15]. 
     Within this study two types of building typologies stand out, those for salt exploitation 
and those for balneary and touristic. 
     The salt-based resort has four interconnected and partly overlapping functions: treatment, 
leisure, accommodation and public catering. Of the buildings exclusively designed for spa 
treatment are the buildings that house hot and cold bathrooms or the facilities around the 
lakes (Figs 10 and 11). The treatment lounges and landscaping buildings are for both 
treatment and leisure. Accommodation and public catering are provided by hotels, villas and 
restaurants. Even if, in the salt spa resorts the author investigated the casino’s architectural 
program (considered to be the most important and indispensable in any resort) is located only 
in Sovata during the interwar period, the social life of the baths is still intense, the functions 
of the casino being taken over by other buildings where the therapeutic value is enhanced at 
the expense of leisure. 
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Figure 10:  Upper resort main building evolution in Sovata, 1900–1941. 

 

 

Figure 11:  Ocna Sibiu evolution of the resort, 1900–1915. 

     The architectural program of the park and gardens, both for treatment and for leisure, is 
always available in the investigated resorts. Thus, in the resort of Ocna Sibiu there are several 
areas in which parks were set up to serve both the spa area and the locality. The spa area in 
Sovata includes several parks and playgrounds for children. The park in Ocna Mureş resort, 
due to its position, is used both by tourists and locals. An extensive park area with a zoo, is 
situated in the spa area of the Roman Lake in Turda. The historical texts and the postcards 
show the existence of the parks in the spas of Corund, Bazna, Cojocna, Jabeniţa and 
Sângeorgiu de Mureş, too. The spa areas of Praid and Ocna Dej do not include parks. 
     As for the constructive system in the Transylvanian resorts, buildings made of brick or 
concrete are rarely found, the wooden buildings being more frequent. Paul Petrescu mentions 
the existence of two types of wooden constructions on the Transylvanian territory: “that of 
horizontal beams, called Blockbau, and that of a wood-bearing framework filled with various 
materials called Fachwerk” [16]. 
     The resort in Ocna Sibiu is the only one that has an integrated compound characteristic to 
the large resorts, and it includes both cold baths with cabins and pavilions around the lakes, 
hot baths, a treatment parlour and a hotel. The overall volumetry of the warm bath consists 
of three wings, marked with a corrugated cornice, along which, small flower-shaped fringes 
are modelled from plaster. The parlour is located southwest of the warm-bath building. The 
main façade, viewing the lakes, is embellished with a row of arches and pillars and the flat 
roof was functional as a terrace. The former hotel was built southwest of the parlour, at the 
foot of the hill. 
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     For the other resorts, the treatment functions consist of buildings or isolated facilities. 
     The cold baths are taken in the booths around the lakes, which are built exclusively of 
wood and are grouped into two types of pavilions. The first type is the perimetral pavilion, 
like the one in the Lower Sovata resort, Jabenita, Bazna and partially in Ocna Mures. The 
second type is the isolated pavilion present situated next to the lakes in Turda, the lakes in 
Sovata's Upper Resort and the lakes in Ocna Sibiu. 
     The decorative motifs used for the façades of the buildings reflected not only the talent 
and skill of the craftsmen, but also the social status of the owners. Most of the ornamental 
motifs originates in the elements that directly influence man’s life, bearing magical functions 
here and there. They are classified into several types, depending on their theme. Thus, there 
are geometric, phytomorphic, zoomorphic and anthropomorphic ornaments [16]. 
     As a result of the architectural analysis of salt-generated resorts and of the resorts with 
other particularities, what is more, considering the functions and types of the buildings, it can 
be seen that these are different, primarily due to the treatment method, which mainly implies 
taking a bath, usually in lakes, rarely in pools, in wooden booths within perimetral or isolated 
pavilions. Another type of building, considered to be particularly important for a resort to 
become popular, is the casino, which is not present in any researched resorts, the only 
reference about the existence of a casino being in Sovata during the interwar period. The 
functions of this program are partially overtaken by other buildings in the resort. 
     Most of the architecture of balneary and touristic buildings in the investigated resorts 
largely resembles Western trends and style. The treatment is enhanced by endowing the 
resorts with large parks, which is a consequence of the romantic architecture. 
     Accommodation is secured in villas and hotels (Fig. 12), whose style is predominantly 
picturesque, the most striking feature being the balconies, terraces and loges with a view. 
Since the researched period spans 150 years, besides the picturesque style, which is part of  
the Romantic style, there are identified aspects of the classical style, Viennese, eclectic and 
modern secession. As far as the construction system is concerned, brick or concrete buildings 
are scarce in the Transylvanian resorts, most of them are made of wood. 

 

 

Figure 12:  Sovata Villas: Sandor Villa, 1901; Sovata Villa, 1908; Vera Villa, 1909. 

6  CONCLUSIONS 
The cultural heritage concept called the Salt Road is closely related to the connection between 
salt and salt mining throughout their multimillenary historical development in view of the 
economic, demographic and territorial impact on the settlements, in comparison with  
the revenue resulted from the exploited amount of salt and the earned income, to which the 
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hydropathic character is added during the modern period which transforms and freshens  
the cultural tradition of the use of salt in the development of the settlements. 
     One can notice how salt in its various forms of use can have a powerful impact on the 
development of the researched towns as the main factor that generates growth. The identity 
of the towns is, at present, too, defined through the salt deposits and the way they  
were managed. 
     Although, from the functional point of view, the constructions comply with certain 
typologies encountered in all the investigated resorts, it results that the emphasis is laid more 
on the artistic value of the buildings, by means of which, either different concepts are 
reflected or the financial situation of the owners, this aspect being most visible in the 
buildings intended for accommodation or treatment. 
     The following assertions were also mentioned in the Râmetia Conference: “The years that 
elapsed with debates and conferences took into account neither the number of architectural 
monuments that could have been saved, nor the diminution tendency of them. It has already 
been repeatedly mentioned that it is the last call when people can take action to save the 
vernacular architectural heritage. It is a fact that vernacular architectural constructions do no 
longer exist in the traditional, proper meaning of the word and saving them is an increasingly 
difficult task, because alterations modify them every day, or completely erase them from the 
face of the earth” [17]. These words are truer than ever as far as the traditional architecture 
of the villas of the golden age in Sovata is concerned. 
     Even if the issue of protecting and preserving historical sites has been debated for decades, 
at least in the case of saltwater spa resorts, little has been done. As a result of the many 
journeys to the resorts the author took during 2014–2019, and from recent online images 
research or from Google Street View, I have noticed how the historical heritage is 
disappearing from year to year. This is the situation in Sovata, where the villas and hotels of 
the resort, the absolute witnesses of the golden age, wooden built and with traces of the old 
decorations, are now crumbling. The bath complex in Ocna Sibiu is decayed and battered, a 
situation found at the Roman Lake in Turda, too. Yet, there is some hope for these resorts 
since there are still buildings that can be saved. The Ocna Mureş spa resort entirely 
disappeared, the only remaining elements are the pool for cold baths and the concrete slab in 
the warm bath pavilion, which still traces of tile finish are still preserved. 
     The preservation of this heritage is mandatory since it provides an image of  
the socio-economic and human development of the local and regional communities. The 
preservation can be performed by means of sustainable and long-lasting development, within 
which, the communities tie themselves down to the tradition through programs that view 
culture as a local resource whose main aim is the quality of life. 
     The author considers that such a research not only contributes scientifically to the study 
of the Transylvanian spa resorts, but it also is a useful tool when strategic development plans 
for the area are designed. In areas with salt resources, balneary tourism is the most common 
form of tourism. Thus, besides elements of cultural or historical value, landscape resources, 
which, alongside the curative properties of the salty waters, become complementary in the 
entire valorisation of landscape resources, traditions and salt-related customs. 
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ABSTRACT 
Madrid’s Ciudad Universitaria is a clear example of the different political era that existed in Spain 
during the 20th century. The project for the campus was first designed during the 1920s under the reign 
of Alfonso XIII, then developed throughout Spain’s Second Republic, severely damaged during the 
Civil War, and finally rebuilt during Franco’s dictatorship, continuing its expansion until the present. 
Today, it is also one of the most interesting examples of Spanish architectural heritage, dating from the 
20th century. After the partial destruction of the campus during the war, the idea of its reconstruction 
was imposed over other theses that defended the conservation of the ruins as symbolic and evocative 
elements. We can still see this today in one of the great models of that time that has been preserved. 
During the process of restoration of the university complex, the new regime aimed to rebuild Ciudad 
Universitaria, given its enormous symbolic significance. Parts of the buildings were reconstructed 
according to the original project, while others were modified and some of them disappeared. The 
purpose of this study is to analyze the different ways of reconstruction that were carried out on campus 
from a self-made inventory of the solution implemented on each building. This will allow us to conclude 
that, to a large extent, the decision taken in the reconstruction was very much related to the position 
that each building occupied with regard to the war front, and thus the consequent degree of destruction 
to which it was exposed. The traces of the destruction and the subsequent reconstruction have remained 
visible over time in most faculties and technical schools. A close observation, with the aid of graphic 
tools such as drawings or photography, can help us understand better the footprints and traces that are 
still around us today but which become invisible to the eye since they are not adequately understood. 
Keywords: heritage, 20th century, Madrid, university, civil war, reconstruction, drawing, photography. 

1  INTRODUCTION 
Disasters – of whichever nature – that strongly damage cultural heritage, always mark a 
turning point in terms of how and when we must intervene to retrieve that heritage which is 
at risk. The contribution we intend to make is related to the outbreak of such a terrible war 
as was the Spanish Civil war. Moreover, our analysis focusses on the front that was 
established in Madrid’s Ciudad Universitaria (CU hereafter) from late 1936 until the end of 
the war. For three years, a newly-built campus – where both institutions and citizens had set 
their hopes and efforts – was progressively destroyed as a result of human barbarity. 
     Apart from this, war-related catastrophes always come accompanied by an added damage 
regarding political and social instability [1]. In this particular case, after the end of the 
conflict, the power was left in the hands of a regime which, on the one hand, was completely 
against the government which had promoted the construction of the campus, and on the other 
hand, was anxious to impose their imaginary on the population. All this, added to scarce 
policies relating to the protection of heritage, gave rise to an intense debate on the final 
destination of the Madrilenian campus.  
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2  THE GRAPHIC MEANS FOR THE RESEARCH  
In order to carry out this research, we have followed a methodology based on the use of two 
graphic instruments – drawing and photography – which help us to analyse and organize our 
study subject. 
     On the one hand, we can understand drawing from different approaches. For a start, it is 
an essential background source for the work we carry out. Secondly, it is also a scientific tool 
with which to travel to the past, in what we understand as a process of graphic reconstitution 
[2], and finally, it is the means with which to illustrate our results. 
     On the other hand, we have used photography to compare the aspect of the campus’ 
buildings before and after the reconstruction. Thus, parting from a selection of pictures taken 
before the war, we locate the specific point of view of the photographer, to take a present 
picture as close as possible to the original one. This is not always possible, coming into play 
the assistance of the drawing, allowing us to overcome the physical limits imposed by reality. 
     The process has been as follows. First of all, parting from an urban planimetry drawing of 
CU in 1936 – right before the war [3] – we have superimposed the trenches, extracted from 
the plan that was drawn towards the end of the war (kept in AGUCM, 111/12-1.2) – to analyse 
from this overlapping of documents, the position of the buildings with regard to  
the Frontlines, and how this could be related to the level of damage the buildings suffered in 
the first place, and the type of reconstruction that was carried out in the second. 
     Afterwards, a time comparison has been made for each building existing in the campus 
before the war, using drawing or photography – as explained above – depending on the case 
(Fig. 1). We have detected different ways of reconstruction according to which the buildings 
have been classified. Due to the limited length of this text, we offer here only some examples 
of each case. However, a summary table with every building is included at the end. 
     Finally, following our research, we have produced a photographic catalogue of the war’s 
traces still visible in the campus. It seemed relevant to finish this paper with a synthesis of it.  
 

 

Figure 1:    School of Agriculture Engineering in 1930, 1939, and 2015. (Source: Drawing: 
J. Muñoz. Old photography: Escuela Técnica Superior de Ingenieros 
Agrónomos. Current photography: J. L. González.) 

3  AN INTERRUPTED CONSTRUCTION (1927–1936) 
The CU is located on the north-west area of Madrid, on the former lands of La Moncloa 
Royal State [4], disentailed in 1868, after La Gloriosa revolution. The Government gave the 
land to the Ministry of Public Works and Transport with the aim of relocating there the Main 
School of Agriculture, founded in Aranjuez in 1855, and which occupied buildings which 
were disseminated in the area of La Moncloa. 
     From the last decade of the 19th century on, several institutions started to set up their 
headquarters in La Moncloa. They mostly had a charitable and health-related function, some 
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were dedicated to leisure. Moreover, at that time, the School of Agriculture had broadened 
its facilities and had begun the construction of a new building to hold classrooms in it [5]. 
     In 1920, three new transfers of land took place: one to the French State in order to build 
the Casa de Velázquez, another to an orphan school, and lastly, one to the Faculty of Medicine 
and the Clínico Hospital. Even though the last two had to wait until the design of the CU, 
actually, they were the seeds of the future development of the entire campus [3]. 

3.1  The project and the construction of the campus 

Madrid in that time only had one university, the so-called Universidad Central, where the 
different faculties where disseminated around the centre of the city occupying old buildings. 
The need for a change in the headquarters of the university led to the creation of the Building 
Board Committee in May 1927. It was led by the architect Modesto López Otero, who 
remained in the post during both the Republic and Franco’s dictatorship [6]. 
     At the end of 1928 there was already a first draft for the design of the complex. The basic 
scheme of the suggested proposal can be summarized in the insertion – nowadays the exit to 
the city towards the north – of a main axis, named today the Avenida Complutense, around 
which the rest of the project for the campus was structured. The design has a vast influence 
from northern-American universities, since prior to this, the Committee had travelled to 
North America in order to find inspiration from the universities located there.  
     The works started at the end of Alfonso XIII reign, and were entirely carried out during 
the Second Republic. The irregular topography of La Moncloa was strongly altered to be able 
to create the platforms on top of which the new buildings would be erected. Distinguished 
architects of the time worked on the design and the development of the campus, such as: 
Aguirre, Lacasa, Sánchez Arcas, all of which under the leadership López Otero. Regarding 
the infrastructures, outstands the figure of the engineer Eduardo Torroja.  
     The construction of the campus continued until 1936. By then, part of the complex had 
already been completed. Both bare brick stone and cut-out openings in the walls of the 
façades conveyed an image of a modern architecture, characterised by straight, clean lines. 
In short, the aspect of the campus from north to south was the following: the building  
of Philosophy and Letters, inaugurated in 1933, was being used entirely, the buildings of 
Physical and Chemical Sciences were partially erected, the medical complex which included 
the Clínico Hospital was almost finished [5], and the School of Agriculture was trying to 
complete – with no success – its building at the same time that classes were being imparted 
there. At the other side of La Coruña highway, the School of Architecture was finished, the 
Del Amo Student’s Hall was in use, and another set of student halls were in construction.  

4  THE CIUDAD UNIVERSITARIA AT WAR 
On 18 July 1936 the Spanish Civil War breaks out after the military coup d’état which had 
started in the north of Africa. As the military uprising in the capital was suffocated, various 
sections of the insurgent band tried to reach Madrid crossing the northern mountain range but 
were stopped by the militiamen and troops which were loyal to the Republic [7], [8]. After 
this unsuccessful attempt, the insurgents finally reached the capital at the beginning of 
November 1936. Even though the forces that protected the city had no actual training, they 
were able to block the rapid advancement of the troops in the outskirts of the city and 
managed to temporarily stabilize the front. Not long after, the volunteers belonging to the 
International Brigades joined in to defend Madrid. The XI International Brigade participated 
in the CU front, setting its main headquarters in the Faculty of Philosophy and Letters.  
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     On 15 November, the rebel troops begun the offence and managed to cross the 
Manzanares River, penetrating the CU till they established themselves in the School of 
Architecture. From this position, they advanced towards the interior of the campus during the 
following days, reaching the School of Agriculture Engineering, the Parque del Oeste and 
the Clínico Hospital. In the end, Franco decided to abandon the direct attack on the capital.  
     Thus, the penetration of the troops in CU meant the creation of a small rebel area within 
republican positions, which left it weakly communicated with the rear-guard via a series of 
walkways which had been created crossing the Manzanares River [9]. 
     The positions remained basically stable during the rest of the war. In the planimetry  
(Fig. 2) one can observe with great precision the Francoist regime’s front – that set its 
headquarters in the School of Architecture – from which they connected with their positions 
in the School of Agricultural Engineering, La Moncloa Palace, Casa de Velázquez, the edge  
 

 

Figure 2:    Location of the trenches within CU. In red are the trenches corresponding to the 
Republican army and in blue are those corresponding to the rebel army. In 
mauve, no-man’s land. (Source: Drawing by the authors and L. Mauleón.) 
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of the Parque del Oeste and the Clínico Hospital. The rest of the campus and the access to 
the urban centre remained under the Republican’s control. Thus, the Republican frontline 
consisted of the Faculties of Philosophy and Letters, Pharmacy, Medicine and Odontology, 
a vast area of the Parque del Oeste and the blocks next to the Clínico Hospital. In many areas, 
the distance between the contenders was just a question of a few metres, as it would be the 
case of the School of Agriculture and the Faculty of Odontology, being this the reason behind 
the façades of these buildings – located in front of one another – ending completely destroyed. 
     In the battles which took place in CU, all sorts of weapons were used: from light weapons 
to mines or artillery. Proof of this, are the traces that still today remain in some of the 
buildings [10], as we will detail later on. Apart from aerial bombardments and the use of 
heavy artillery, one of the methods of attack which wreaked havoc was the battle involving 
mines and countermines. Once the positions were stabilized, the Republican defenders started 
to place mines in the positions of the attackers. At the end of the war, both sides used this 
strategy, which left as a result, the partial destruction of buildings such as the School of 
Agricultural Engineers or the Clínico Hospital. The consequence of all this was that the land 
of La Moncloa turned into a desolate landscape with trenches, strongpoints and numerous 
completely destroyed buildings. Finally, in 28 March 1939, after the Republicans 
surrendered, the rebel troops took over the buildings belonging to the faculties of 
Odontology, Medicine and Pharmacy, entering Madrid the day after that.  

5  THE RECONSTRUCTION OF THE CAMPUS 
The end of the war and the establishment of Franco’s regime arose the issue of the need to 
make a decision with regard to the fate of the CU. According to Rodríguez-López and Muñoz 
Hernández [5], it is estimated that the level of destruction affected approximately 40% of the 
total built campus, a percentage which increases when the rest of the buildings of the area – 
not only those strictly belonging to the campus – are also included in the estimation. 
Obviously, this destruction was uneven from one building to the next, depending on how 
exposed they had been regarding their position in the war front. In view of this scenario, the 
question that arose was the one concerning what to do next: to maintain the ruin as a vivid 
memory of the victory which had taken place there, or, on the contrary, to proceed to 
reconstruct the buildings.  

5.1  Ruins or reconstruction?  

At first, ruins prevailed as a testimony of the Francoist victory and the idea of their 
conservation stood strong, following the example of Belchite. Some authors [5], [11] use the 
term “martirologio” to define this practice according to which territories that have been 
devastated and are in ruins should be maintained as monuments for History, as a sort of 
evocative and “eternal memory” of the destructive power of the enemy. In a document 
preserved in the AGUCM (D.1770,9) they are explicit in this intention, it is said that “it is a 
national desire to preserve the current state (totally or partially) – and even to enhance it – of 
the scenery of great heroism of our glorious army. This is perfectly compatible with the draft 
of the road network and general layout of the land-use planning for the Ciudad Universitaria”. 
     However, the considerable maintenance costs that preserving the ruins would have meant, 
made this a rather non-operational measure [12]. We cannot forget about the extreme 
situation regarding poverty which the population suffered during the first years of the  
post-war period. On the other hand, it is evident that the propaganda-driven speeches were 
behind the entire idea. Due to all this, this option was finally rejected, and they advocated for 
reconstruction. Nevertheless, this did not stop the ruins from being part of the landscape 
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throughout the whole process of reconstruction of the campus: films were made, speeches 
were given, the area was shown proudly to foreign authorities aligned with the regime… 
     To be able to start the process of reconstruction three severe problems were to be faced, 
issues which characterized the post-war situation [1]. The main problem was the economic 
one. To solve this issue the strategy which was followed was the one prior to the war, using 
among other economic resources the income from the lottery which also helped to 
disseminate the image of the project for the university throughout the country. The  
second project was of a more technical nature. The lack of materials was worsened during 
the Second World War, this is the reason why materials which had been retrieved were reused 
or substituted by others of inferior quality – the façade of the Faculty of Pharmacy with its 
brick patches is a clear example of this. Finally, there was also an issue concerning changes 
in concept, which were solved with slight modifications of the projects, in most cases relating 
to the exterior image of the buildings. It is precisely in giving solution to this last problem, 
where the entire propaganda-load of the regime was placed on. Instead of leaving exposed 
the apparent wreckage that the republican troops had caused, the regime decided to make the 
project of CU theirs, introducing all their ideology and symbolism.  

5.1.1  Models as a testimony  
However, just to mention a last aspect regarding this debate, we may have a proof of that will 
to maintain that state of ruin in one of the two models that were carried out after the war to 
show the state in which the CU ended. The detailed materialization of this object 5.30 x 4.05 
m big, was part of an evident propaganda manoeuvre since one could confront this one to the 
model of the reconstructed campus. Nevertheless, it could also well be an underlying 
intention of leaving, at least, a permanent reminder of those ruins at a smaller scale.  
     The other large model was built in 1943 for the inauguration event. This piece made out 
of plaster 5.4 x 5.1 m big, is an example of the symbolic value that the Francoist regime gave 
to the reconstruction of the campus. Even though at first it could seem to have been built after 
the other one, last evidence show that they have been carried out basically at the same time. 
This second model aimed to show how the new reconstructed CU would be. This way, whilst 
the first model shows an actual state of the campus at a certain moment, the second shows an 
ideal of what they wanted it to be more than what actually was finally built. 
     Today, these two models (Fig. 3) can be seen in the hall of the Faculty of Medicine within 
the campus of the Universidad Complutense in Madrid (UCM). 
 

 

Figure 3:    Left, CU’s model at the end of the war, 1943. (Source: Army Museum. Ministry 
of Defence.) Right, CU’s model with its ideal reconstruction plans, 1943. 
(Source: Universidad Complutense de Madrid.) 
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5.2  Ways of carrying out the reconstruction 

With the existing buildings before the war a series of different decisions were made when the 
moment of the reconstruction was reached. This enables us to divide them into various groups 
depending on the different decisions that were made regarding them. On the one hand, we 
have those which were rebuilt and whose footprint has been totally lost. These are the cases 
of the Santa Cristina Asylum or the Instituto Rubio, among others. During the summers of 
2017 and 2018, a series of excavations were carried out coordinated by the archaeologist A. 
Pérez Ruibal where remains of the buildings of the Santa Cristina Asylum were found.  
     On the other hand, for all those buildings which were reconstructed, there was no 
uniformity in the policies to take into account, nor were they carried out immediately. The 
re-inaugurations started taking place in 1941 and continued well into the 1950s. The different 
approaches towards reconstruction that were developed, allow us to create three subgroups: 
new constructions, literal reconstructions and renovation of the exterior image or “changes 
in the skin” of the building. At the end of this section there is a detailed table which explains 
the sort of reconstruction which was carried out in each particular building. 

5.2.1  New constructions 
Within this group we include those buildings in which, having been partially or totally 
destroyed, there was no intention to reconstruct the building, although on top of them, new 
ones were erected, with a different sort of architecture and sometimes another use. Some 
authors name this “neo-reconstruction” [5], [11]. It could be considered an intermediate step 
between the total loss that we explained above and the reconstruction of the building.  
     The best example of this is the Institute of Hygiene, on top of which the José Antonio 
Student’s Hall was erected, the rectorate at present (Fig. 4). It does not preserve the 
architectural style nor the use of its predecessor, but it is however located on top of the old 
building, probably making use of part of its foundations. That is why, after examining – in a 
very detailed way – the floor plan, we find that this plan holds great similarities with the back 
volume of the Institute of Hygiene with its “open arms”, something which we would have 
never thought about if we had only looked and compared the photographs of the buildings. 
The Del Amo Student’s Hall is another building which would disappear during the war since 
it was located really close to the front line. In the post-war period, a new student’s hall would 
be built on that same plot. This building would have very scarce similarities – stylistic or 
formal – with the preceding one. One last case which is definitely worth mentioning, is La 
Moncloa Palace, on top of which a completely new building was erected, the palace we all 
know today and where the Spanish Government Headquarters is located. 

5.2.2  Literal reconstruction 
It is a type of reconstruction which, to a large extent, follows the projects which were planned 
to be carried out before the breakout of the war. A solution we could consider as the most 
pragmatic one since it took into consideration the combination of both the economic situation  
of the time and the lack of means and materials which made this, the most rapid and cheap 
way of reconstructing. A case study for this subgroup are the faculties of the medical group.  
     These buildings were basically finished before the war. The medical campus was placed 
at the very front line during the war, reason why it suffered important damages which 
especially affected the Faculty of Odontology because of its forefront position. The other two 
faculties also suffered damages in their southern and eastern façades. 
 
 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  217

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 

Figure 4:    To the left, an aerial view of the Institute of Hygiene, 1936. (Source: Nuevo 
Mundo. Biblioteca Nacional de España.) To the right, a current aerial view. 
(Source: Google Earth.) 

 

Figure 5:    Façade of the Faculty of Pharmacy in 1936 and 2018. (Source: Photographs by 
the authors.) 

     As a consequence of the repairs of the damaged areas, one of the main changes that can 
be observed in the façades is the use of a different sort of brick than that used in the initial 
project – with a different quality and a different tone – which generates a clear contrast at a 
glance, slightly altering the unity of the façade. In terms of use or interior distributions, there 
are no dramatic differences between the projects. Since a large part of the building was 
constructed prior to 1936, it was kept intact. Years later, the decision was made to paint white 
the metal elements located between the windows, breaking that sensation of verticality which 
those dark areas – joined with the glass openings – gave the façade and which contrasted with 
the strong horizontality of the complex, as can be seen in the edited picture (Fig. 5). 

5.2.3  Renovation of the exterior image or “change of skin” 
Thirdly, we can talk about those buildings which were reconstructed where only its function 
was maintained. Its image changed substantially because of the state of destruction in which 
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they had been left or because the style the building originally had did not fit in with the new 
guidelines set by the regime. Examples worth mentioning of this are the School of 
Architecture, whose brick façade was so severely damaged that the building had to be lined 
with Novelda sandstone plaques, and the School of Agricultural Engineering, whose original 
façade is covered by another of a style which the Francoist regime understood should be the 
style of the campus. These interventions of what we could call “change of skin” can be 
misleading when wanting to give exact dates and when wanting to understand the buildings. 
We will carry on taking the School of Agricultural Engineering as a case study. 
     When the war was over, the original building of the School remained almost entirely in 
its central volume and western wing while the eastern wing had completely disappeared. 
When the faculty was reconstructed, the decision was to erect the original volume, but 
changing its façades, a decision however which was not apparently that clear from the 
beginning. This can be seen in the reconstruction model dating 1943, where the School of 
Agricultural Engineering is complete and both side wings are symmetric with their original 
façades. Also, the first repairs to be able to use the building again followed the original design 
(plans conserved in the Administration’s General Archive, 31-05500 and 31-05513). 
     Finally, the choice was to reconstruct the same project but changing its skin. Thus, the 
eastern wing was erected completely, the destroyed part of the central body of the building 
was reconstructed and the western wing was finished. The interventions carried out 
concerning the rest of the building included eliminating the orders of the columns of the 
façade, and also covering the façade with a new skin made out of brick. The size of  
the openings was also modified, and any type of ornamentation was eliminated (Fig. 6). 
Nevertheless, it is important to notice that the current building is not the same – if we take a 
look at the floor plan – than the original one as it is thought to be. Both side wings are shorter 
than they originally where. It is likely that as the La Coruña highway got wider, the direct 
consequence was that the building had to become smaller. However, it is also true that it 
could also have well been just a question of budget. 
 

 

Figure 6:    Façade of the School of Agricultural Engineering in 1936 and 2019. (Source: 
Drawing by the authors and A. Bonet.) 

     The other great modification that the School of Agricultural Engineering experimented 
regarding its prior state before the war is related to the topography of its surroundings. 
Currently, the building is placed on top of a continuous, flat platform. However, before the 
war, there was a great difference between the level at which the main façade of the building 
was located – at a higher level – and where the back façade of the building was, 
approximately 3 m below. This way, whilst the front of the building was only one level high 
(the towers were three levels high), the back façade had one extra level to it. This unevenness 
was solved by means of staircases placed adjacent to one of the side façades. Thus, the 
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building, on the one hand, adapted more subtly to the irregular land of La Moncloa and on 
the other hand, it presented a more pleasant and welcoming façade towards Madrid with its 
smaller scale. The variations in the topography during the post-war, are the origin to some 
situations which can cause confusion to the visitor if they do not know the history behind the 
building. For example, the large staircase at the front façade – scarcely related to the rest of 
the building – or the fact that one does not access the main floor from street level. 

5.2.4  The ideological reconstruction 
Lastly, it is also important to talk about a type of reconstruction which is less architectural 
and more symbolic, but which drastically changed the appearance of the campus. The idea 
of reconstructing the CU was supported by the possibilities this space offered the regime in 
terms of reinforcing its image. The layout following a clear axis enabled to show the power 
of the rector. It also counted with the representation of the two ideological pillars of the 
regime: the Church and the Phalange. For that purpose, first they thought about creating a 
great Rectorate, parting from the first drafts carried out in 1928, to which Fascist symbols 
would then be added to give a new meaning to the space. However, this never actually 
happened, but what was constructed in the access to the campus, was the José Antonio 
Student’s Hall, one of the best examples of Phalange architecture. They also installed chapels 
in every faculty and constructed the Santo Tomás de Aquino Church which would afterwards 
become the current American Museum. Added to these three buildings there would be 
another element – one with the aim to bring back the memory of the battle and the Francoist 
triumph than anything else. This was the Victory Arch. The vast collection of plans regarding 
this construction (AGUCM, 111/12-4), give us an idea of the doubts which arose at the time 
– and the different variations suggested – concerning this project.  

Table 1:  Reconstruction of the buildings of Ciudad Universitaria. 

Building 
State it was in 

in 1936
State it was in 

in 1939 
Position within 

the frontline 
Type of  

reconstruction 
F. of Philosophy Finished. In use Semi-destroyed Republican front Literal 
F. Of Physics In construction Damaged Republican rear Literal 
F. Of Chemistry In construction Damaged Republican rear Literal 
F. Of Medicine  In construction Damaged Republican front Literal 
F. Of Pharmacy In construction Damaged Republican front Literal 
F. Of Odontology In construction Semi-destroyed Republican front Literal 
Sch. of Agriculture In construction Semi-destroyed Francoist front Change of skin 
La Moncloa Palace In use Destroyed Francoist front New construction 
Central Farm In use Destroyed Francoist front Disappears 
Casa de Velázquez In use Semi-destroyed Francoist front Literal 
Sch. of Architecture Finished Semi-destroyed Francoist front Change of skin 
S. Cristina Asylum In use Destroyed Francoist front Disappears 
Clínico Hospital In construction Semi-destroyed Francoist front Literal 
Rubio Institute In use Destroyed Francoist front Disappears 
Cancer Institute In use Destroyed Francoist front Disappears 
Inst. of Hygiene In use Destroyed Francoist front New construction 
Del Amo Student’s Hall Finished. In use Destroyed Francoist front New construction 
Thermal power station Finished Damaged Republican rear Literal 
Building Committee Hall Finished. In use Damaged Republican front Literal 
Student’s Hall In construction Semi-destroyed Francoist front Literal 
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6  WAR TRACES STILL PRESENT IN THE CIUDAD UNIVERSITARIA 
Everyday thousands of people go past CU clueless of the battle that for almost three years 
devastated the place. As a closing for this text we would like to point out that traces of the 
war can still be found all around the campus [10], either signs of war constructions or marks 
of destruction on previous buildings. 
     On the one hand, as a remain of constructed elements, we find the striking three bunkers 
located in the Parque del Oeste. They were carried out by the rebel troops during the last year 
of the war to consolidate the Frontline. Their quite good condition allows us to see the 
inscriptions done on them by the soldiers (Fig. 7). Although less visible, other constructed 
elements are the remains of the old trenches. In certain areas, what seems to be the natural 
topography of the place is actually the consequence of the digging of trenches. In the last 
years, some of them have been excavated, revealing abundant war material [8]. 
 

 

Figure 7:    Bunkers in Parque del Oeste. Façade of the Faculty of Pharmacy. (Source: 
photographs by the authors.) 

     On the other hand, there are still many destruction signs in the damages caused by the 
impact of projectiles against various buildings and constructions. The ones which are most 
evident are those found in the granite plinths of the faculties of Philosophy, Medicine, 
Pharmacy and Odontology. The diameter and depth of the marks are a clear proof of the great 
variety of weapons used during the war. Also some of the reparations on the buildings do 
give us some clues. For example, the bricks with a more intense colour of the Faculty of 
Pharmacy are the evidence of the impacts which do not prevail (Fig. 7). Finally, the Faculty 
of Medicine is one of the few buildings where one can still see today impacts directly on the 
brick of the cornices. It is also very revealing that the western orientation is considerably 
more damaged than the rest of them, since it makes it clear that the enemy fire came from the 
School of Architecture. 

7  CONCLUSIONS 
In view of the results obtained from this research, the following conclusions can be drawn. 
     First of all, during the reconstruction of the CU there were no clear and uniform guidelines 
regarding the architectural aspect, although there were in the ideological one. This 
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reconstruction was not an immediate decision, but maintaining the ruin was valued and in 
fact it has been kept in a very detailed physical model. 
     Secondly, the way each building was reconstructed, was closely linked to the position 
they occupied in relation to the Frontline. According to that position, we distinguish three 
cases – apart from the missing buildings – new construction, literal reconstruction and 
reconstruction of the exterior image – “change of skin” – looking at Table 1, it is clear that 
those buildings closest to the front, and hence more damaged, provoked a greater variety of 
solutions. Nevertheless, in the case of those which suffered less damage the most 
conservative option was chosen: literal reconstruction. 
     In addition, as a methodological conclusion, we must point out that graphic production 
becomes an inherent part of this work and – in its way – is itself also a conclusion. It is via 
this means that all the gathered information is brought together and analysed, obtaining 
images that bring us closer to a lost past of our Heritage. 
     Finally, it can be said that – like any other city – the CU we know today is the result of 
the overlap of layers that History has been depositing one on top of another. However, the 
interest in this palimpsest of political ideas, architectural styles and social hopes is  
rather unique, since it condenses within it – in a rather intense way – the history of Spain’s 
20th century. 
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ABSTRACT 
Despite the increasingly divergent legislative framework for land use planning in England and Wales, 
both planning regimes are characterised by a commitment towards action and decision-taking by public 
bodies which contribute towards sustainable development (s.39, Planning and Compulsory Purchase 
Act 2004). The purpose of this is to ensure that the development and use of land facilitates economic, 
social and environmental progress for present and future generations. The conservation of heritage 
assets, in a manner appropriate to their significance, forms part of the core planning objectives upon 
which decisions should be made. However, assessing proposals for the repurposing of built historic 
assets with sustainable development principles can result in decisions which not only conflict with other 
aspects of sustainable development, but indeed run counter to it and its protection. This paper examines 
the implementation of law and policy by local authorities in appraising planning applications 
concerning the conversion of listed buildings. The article begins by considering the underpinning legal 
and policy contexts in relation to sustainable development and built heritage in England and Wales. 
Second, it discusses the duties on decision takers in assessing the merits of planning proposals and the 
discretionary character of the regimes. Last, drawing on two relevant and recent planning decisions, 
one of which the author, engaged as the Planning Officer was responsible for evaluating, the paper 
examines the application of the presumption in favour of sustainable development in proposals which 
seek to conserve listed buildings. The paper concludes that there is a tangible risk that prioritising the 
long-term conservation of listed buildings at the expense of other aspects of sustainable development 
and wider land use planning priorities could result in perverse and harmful outcomes to listed building 
themselves and to economic, social and environmental progress. 
Keywords:  conservation, decision-taking, enabling development, harm, heritage, planning 
considerations, policy, sustainability, viability. 

1  INTRODUCTION 
The presumption in favour of sustainable development in the planning systems of England 
and Wales was introduced under s.39 of the Planning and Compulsory Purchase Act (PCPA) 
2004. The PCPA 2004 provides that individuals or bodies to which the Act applies “must 
exercise the function with the objective of contributing to the achievement of sustainable 
development” [1]. A vague attempt at clarifying the effect of this provision is set out in 
s.39(2A) of the PCPA 2004 which explains the duty on the person or body to “have regard, 
in particular, to the desirability of achieving good design”. A similar duty, extending only to 
England, was introduced by the Planning Act 2008, s.10 which requires the Secretary of State 
(SoS) to exercise functions relating to the designation and review of national policy 
statements with the objective of contributing towards the achievement of sustainable 
development. Again, s.10(3) provides an indication of the requirement of the term on those 
carrying out public functions. In particular, the SoS must have regard to the desirability of  
(i) mitigating and adapting to climate change and (ii) achieving good design. 
     In Wales, the position of sustainable development in land use planning has been developed 
further in law through the Planning (Wales) Act 2015 and the Well-Being of Future 
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Generations Act 2015. Indeed, sustainable development has its own part within the Planning 
(Wales) Act 2015. Part 2 sets out a duty on Welsh Ministers and Local Planning Authorities 
(LPAs) in Wales and other public bodies to exercise their function for the purpose of  
ensuring that the development and use of land contribute to improving economic, social, 
environmental and cultural well-being of Wales by carrying out sustainable development in 
accordance with the Well-Being of Future Generations (Wales) Act 2015. This Act sets out 
the meaning to be given to the sustainable development principle, echoing the Brundtland 
definition and drawing out specific elements a public body must take into account [2].  

2  SUSTAINABLE DEVELOPMENT AND LAND USE PLANNING  

2.1  Law and planning policy 

Whilst the enshrinement of sustainable development in legislation should be recognised as a 
positive step towards embedding a consciousness of the need to balance economic, social and 
environmental factors in decision-making, its effectiveness depends upon its ability to be 
translated from legal principle to practical application. Consequently, it is only where 
conditions of sustainability are drawn out from the definition of sustainable development that 
such a duty can truly be affected [3]. This is where the National Planning Policy Framework 
(NPPF) for England and Planning Policy Wales (PPW) in Wales play a critical role. 
     The NPPF is a material consideration in determining planning applications. It establishes 
a presumption in favour of sustainable development. The NPPF was originally introduced in 
2012 and was most recently revised in February 2019. This latest iteration has resulted in a 
dilution to the role of sustainable development in land-use planning. The revised NPPF, 
recognises three dimensions to the role of sustainable development – economic, social and 
environmental – which are considered in the revised NPPF (hereafter the NPPF) as needing 
to be pursued in “mutually supportive ways” [4]. The role of planning in the conservation 
and enhancement of the historic environment is recognised in the NPPF. The policy explains: 
“[t]hese assets are an irreplaceable resource and should be conserved in a manner appropriate 
to their significance, so that they can be enjoyed for their contribution to the quality of life of 
existing and future generations” [4]. Likewise in Wales, PPW acknowledges the important 
contribution historic assets can make to sustainable development objectives. In assessing the 
sustainable benefits of development key factors to consider include: (i) whether or not the 
development protects assessed assets of cultural and historic significance and (ii) whether 
high standards of restoration, remediation and beneficial after uses will be achieved [5]. 
     The implementation of sustainable development strikes at the plan and decision stages of 
the planning system with paragraph 11 of the NPPF setting out how this is considered. 
Similarly, PPW recognises the role the planning system has in securing sustainable 
development, emphasising the importance of an effective and efficient planning system: “A 
well functioning planning system is fundamental for sustainable development” [5]. 

2.2  Planning decision-making 

For the purposes of determining planning applications, the PCPA 2004, s.38(6) establishes 
that decisions should be made in accordance with the development plan unless material 
considerations indicate otherwise. In Wales, PPW highlights the dominance of a plan-led 
system, commenting that it is “the most effective way to secure sustainable development 
through the planning system” [5]. Again this emphasises that in the first instance, planning 
decisions should be determined on the basis of the policies set out within the development 

226  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



plan and that this would only accord less weight in favour of other material considerations 
such as national policy where the adopted development plan is outdated for the purposes. 
     Planning applications which reflect the policies in the development plan should be 
permitted without delay however, there may be instances where material considerations 
indicate a departure from the development plan. It is this element of the duty that affords the 
planning system its discretion, particularly as material considerations are not exhaustively 
identified. The weight to apportion to material considerations was resolved in R v Swale 
District Borough Council, ex parte Royal Society for the Protection of Birds [1991] to be an 
administrative decision [6]. Inevitably, the effect of this is to enable uncertainties and 
inconsistent decision-making to be reasoned through differentiated weights apportioned to 
material considerations and discrepancies in the interpretation of relevant policies. This does 
little to ameliorate public confidence regarding the fairness of planning decisions [7].  
     Earlier research undertaken by the Land Use Consultants found that LPAs are generally 
uncertain about how to interpret planning policies and as a result both development  
plans and planning decisions are “primarily dependent upon the way in which they were  
perceived, used and understood by local authority officials, elected members and planning 
inspector” [8]. This characteristic of planning policy was observed by Schiemann J in  
R v Leominster District Council, ex parte Pothecary [1998] where he remarked that each side 
will “be able to cite different policies in the same or different plans in support of their own 
contentions. In many cases the relevant policies will contain within themselves value 
judgements upon which reasonable persons may differ”. In this way, the flexibility and 
discretion embedded with the planning system facilitates the decision-maker to reach an intra 
vires decision, applying these policies and balancing relevant material considerations.  
     Durnil (1999) observed that we can agree or disagree on planning decisions that  
are made, but “we must not lose sight of how decisions are made” [9]. Understanding the 
decision-making process is key, particularly in public functions such as land use planning, 
since the ability to challenge decisions rests on elements associated with irrationality, 
illegality or procedural impropriety [10]. Additionally, such an understanding assists  
with policy developments and insight into the implementation and interpretation by  
decision-makers of their statutory duties and policy objectives. Auld LJ recognised the 
challenges associated with planning decisions and dismissed the view that such an 
undertaking was merely an administrative process [11].  

3  HERITAGE ASSETS IN THE PLANNING BALANCE 

3.1  The significance of heritage assets 

In determining planning applications, paragraph 11 of the NPPF directs LPAs to take account 
of (i) the desirability of sustaining and enhancing the significance of heritage assets and 
putting them to viable uses consistent with their conservation; (ii) the positive contribution 
that conservation of heritage assets can make to sustainable communities including their 
economic vitality and (iii) the desirability of new development making a positive contribution 
to local character and distinctiveness. The first element under this policy for decision-takers 
to grapple with is the significance of the heritage asset. The determination of a planning 
application regarding proposals affecting a heritage asset will be centred around an evaluation 
regarding the structure’s significance. In Wales, PPW paragraph 6.7 explains “It is important 
that the planning system looks to protect, conserve and enhance the significance of historic 
assets. This will include consideration of the setting of an historic asset which might extend 
beyond its curtilage. Any change that impacts on a historic asset to its setting should be 
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managed in a sensitive and sustainable way”. It is clear however, that PPW underlines  
that a proportionate assessment should be undertaken based upon the significance of the 
assets and their heritage value. Technical Advice Note 24 sets out that to understand  
the heritage value an assessment of the significance of the historic asset that will be affected 
must be undertaken” [12]. This duty to judge, using all available evidence, rests with the 
decision-maker who should provide reasons in the Decision Notice, as required under s.24 
of the Town and Country Planning (Development Management Procedure) (Wales) Order 
2012, where the application is either refused or is permitted subject to conditions. 

3.2  Harm to Heritage Assets 

Paragraph 193 of the NPPF requires LPAs to identify the significance of a heritage asset 
(including any contribution made by their setting) and to evaluate the impact of the proposed 
development on the significance of a designated heritage asset with greater weight being 
given to the asset’s conservation: “[W]hen considering the impact of a proposed development 
on the significance of a designated heritage asset, great weight should be given to the asset’s 
conservation. The more important the asset, the greater the weight should be” [4].  
     Ultimately, the conclusion reached in planning policy for England is to adopt a two-tier 
approach to assessing the suitability of a proposal against the harm to the asset, depending 
upon its categorisation. Both tests in England and Wales adopt a high threshold of harm, 
referred to as “substantial harm or loss”, which by the phraseology, excludes proposals which 
merely harm a heritage asset. Consequently, substantial harm to Grade II listed buildings, 
parks and registered gardens should be exceptional whilst substantial harm to assets of the 
highest significance should be wholly exceptional. This has the effect of raising a 
presumption in favour of refusing planning permission for planning applications where the 
impact of the proposal on a significant heritage asset will result in substantial harm or loss.  
     In converse, where a development proposal will lead to less than substantial harm to the 
significance of a designated heritage asset, planning policy directs the decision-maker to 
weigh the harm against the public benefits of the proposal, including securing its optimum 
viable use [4]. The discretionary nature of the planning system requires decision-takers to 
consider each planning application on its own merits. The implementation of this case by 
case approach, as seen above, depends upon not only the decision-takers, but also the 
flexibility of the policies. The policies relating to the conservation of significant heritage 
assets are a fine example of this. The policies in England and Wales, although separate, are 
clear in their ability to be interpreted differently, to be tailored to a specific proposal, building, 
location and wider context. Indeed, PPW paragraph 6.1.11 acknowledges this characteristic, 
stating that “[t]he application of planning and listed building controls should recognise the 
need for flexibility where new uses have to be considered in order to secure a building’s 
survival or provide it with a sound economic future”. To an undetermined extent, this has the 
effect of highlighting in the determination the influence of viability of the proposal in terms 
of both the likelihood of the works being carried out to specification and completed as well 
as achieving sustainability in the long term [13].  
     Whilst viability assessments are not usually required for individual applications, the 
Ministry of Housing, Communities and Local Government has published guidance on 
viability which provides that a site would be considered to be viable where the value 
generated by its development exceeds the cost of developing it and also provides sufficient 
incentive for the land to come forward and the development to be undertaken. With heritage 
assets, viability is particularly influential since works to these structures tend to be more 
expensive by virtue of their sensitivities. This can be challenging for applicants seeking to 
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bring forward proposals involving and securing the future of heritage assets. The heritage 
asset, its condition and location and the costs associated with its repurposing will be reflected 
in the development proposal, its magnitude and type. The Guidance on Viability advises in 
paragraph 17 that the viability assessment should be based on current costs and values. 
Planning applications should be considered in today’s circumstances [13]. 
     Similarly in Wales, the aim of planning policy for historic buildings is to “find the best 
way to protect and enhance the special qualities of listed buildings, retaining them in 
sustainable use” with the continuation or reinstatement of the original use being the preferred 
option [5]. Where this is not viable PPW provides that adaptation of historic buildings should 
be informed by careful assessment and allow for proper evaluation of the benefits of 
intervention and the impact on the special architectural and historic interest. Underlying this 
policy is an acute consideration of the statutory requirement contained in the Planning (Listed 
Building and Conservation Areas) Act 1990, s.16(2) to have special regard to the desirability 
of preserving the building, its setting or any features of special architectural or historic 
interest. The policy intention in PPW is to safeguard the character of historic buildings and 
manage their change so that their special architectural and historic interests are preserved. 
     Despite the ostensibly stringent policy in PPW, the policy introduces a test for enabling 
development. This describes the circumstances in which development which runs contrary to 
objectives in national or local planning policy may be appropriate on the basis of substantial 
heritage benefits. Paragraph 6.1.31 of PPW explains that “[s]uch development may be 
appropriate if the public benefit of rescuing, enhancing, or even endowing an important 
historic asset decisively outweighs the harm to other material interests”. Acceptability of 
enabling development has been teased out in a separate guiding document published by the 
Welsh Government’s historic environment service, Cadw, entitled “Conservation Principles” 
[14]. Similar to the NPPF in England, this document emphasises that decisions should be 
proportionate to the public benefit the proposal offers. In terms of applying the conservation 
principles established in the document, the advice is pragmatic and echoes that contained 
within the NPPF: “Every reasonable effort should be made to eliminate or minimize adverse 
impacts on historic assets. Ultimately, however, it may be necessary to balance the benefit of 
the proposed change against the harm to the asset. If so, the weight given to heritage values 
should be proportionate to the importance of the assets and the impact of the change upon 
them” [14]. Even then, planning permission should only be granted if the achievement of the 
heritage objective is securely and enforceably linked to the enabling development [5].  
     This paper will now turn to consider two recent planning decisions involving heritage 
assets. First, Old Court Brobury in England and second Troy House in Wales. The former 
was determined prior to the revision of the NPPF and accordingly, the policy relied upon was 
that contained in the NPPF (2012) and the development plan. These studies are drawn upon 
as the author has been involved with both of them, albeit in different capacities. With the 
former, the author acted as the Local Authority Planning Officer and in the latter the author 
provided advice to an individual objecting to the proposal.  

4  CASE STUDIES 

4.1  Case Study 1: Planning Application at Old Court, Brobury, Herefordshire 

This application, dealt with by the author in her previous role as Planning Officer, sought 
planning permission and Listed Building Consent for the conversion of a Grade II listed barn 
and Granary Annex into two residential dwellings. The buildings proposed for conversion 
formed part of a site comprising of six buildings around a traditional farm courtyard, accessed 
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via a private track serving the farm and a separate Grade II listed building to the south. The 
river Wye runs approximately 500m west of the site. The site is located approximately  
8 miles northeast of Hereford on the fringes of Brobury. Brobury is not identified in the 
development plan as a settlement for housing growth and therefore the site is considered to 
be in open countryside [15]. Policy SS2 of the Herefordshire Core Strategy directs that 
Hereford and the market towns shall be the main focus for new housing development with 
support for proportionate growth of sustainable rural settlements listed in two tables.  
Essential to the determination was the principle of the proposal to convert the listed buildings 
into residential accommodation. Despite the steer away from new development in open 
countryside, the Herefordshire Core Strategy, as the development plan, identifies certain 
situations in which such development can be supported outside of settlements. Policy RA3 
bullet point 4 of the Strategy provides that a development proposal can be supported where 
it “would result in the sustainable re-use of a redundant or disused building, complies with 
Policy RA5 and leads to an enhancement of its immediate setting”. Policy RA5 sets out 
criteria which a proposal for the sustainable reuse of redundant or disused buildings, 
including farmsteads in rural areas should satisfy in order to be capable of being permitted. 
Therefore, provided that the application demonstrates that the proposal addresses these 
points, the development plan establishes a presumption in favour of development.  
     The application attracted 36 public objections concerning a number of issues. Due to the 
number of representations, the application was redirected to the Planning and Regulatory 
Committee of the Local Authority for determination. The Committee considered the proposal 
on 15th November 2017. The Officer’s recommendation to Committee was to approve with 
conditions the proposal. The basis for this was that the proposal was considered to result in 
less than substantial harm to the listed buildings as provided under paragraph 134 of the 
NPPF. The advice from Historic England and the Building Conservation Officer in 
ascertaining whether the development proposal would lead to substantial harm or to total loss 
of significance of the heritage asset was pivotal in this regard. Historic England raised no 
objection to the amended plans, considering their earlier concerns to have been addressed 
[16]. They recommended that the application be determined in accordance with national and 
local policy guidance and on the basis of the local authority’s expert conservation advice. 
The impact of the proposal on the listed building, the extent and magnitude of any harm fell 
predominantly to the Service Manager for Built and Natural Environment, referred to as  
the Building Conservation Officer (BCO), to assess and advise on [17]. Following the 
submission of amended plans, the BCO supported the proposal subject to conditions stating 
that the less than substantial harm the proposals would cause to the setting of the nearby listed 
buildings and the character of the conservation area is mitigated by the public benefit of 
housing provision and as such accords with policy contained in the NPPF (2012) paragraphs 
131, 132, 134 and Herefordshire Council’s Core Strategy, particularly policies LD4 and RA5. 
     Accordingly, the advice from the BCO was that in terms of the impact on the listed 
buildings, the proposal constituted less than significant harm. The then paragraph 134 of the 
NPPF directs that where there is “less than substantial harm to the significance of a 
designated asset, the harm should be weighed against the public benefit of the proposal”. This 
has the effect of directing a refusal of planning permission where public benefit, including 
securing an optimum viable use, does not outweigh the harm to the building. In this instance 
the balancing exercise considered the proposals to be sympathetic to the listed buildings and 
their setting and a viable method of long-term protection and conservation of the buildings, 
relying on the comments from the BCO. In addition, the re-use of the buildings as residential 
accommodation was considered to represent a public benefit in terms of contributing to 
housing supply. In factoring in the non-heritage impacts in the normal planning balance, 
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ecological impacts and transport were considered in view of the advice received from the 
Ecologist and Transport Manager respectively. Both of which were satisfied that any adverse 
impacts could be addressed by way of conditions attached to the permission [18]. As a result, 
in the exercise of planning judgement it was considered that there were no adverse impacts 
identified which were considered to significantly or demonstrably outweigh the benefits 
associated with securing the long term protection and conservation of the Grade II heritage 
assets and the wider setting of Old Court, Brobury [19]. Following this, under the normal 
planning balance and weighing all other non-heritage material considerations, the proposal 
was considered to satisfy paragraph 14 of the NPPF (2012) (now paragraph 11 under the 
NPPF 2019), resulting in the Case Officer’s conclusion that the proposal complied with 
relevant planning policy and all other material considerations. 
     The proposal clearly touched upon a number of elements within the concept of sustainable 
development. It then falls to the decision-taker to weigh these factors and all other material 
considerations in order to arrive at a determination. Critical to such a decision are the 
comments, information and advice provided by consultees which assist in the application of 
policy against the proposal. Ultimately, the presumption in favour of sustainable 
development can be construed in a variety of ways, integral to this is the planning balance 
where material considerations are weighed in order to draw down a recommendation. As can 
be seen from this example, this balancing can be complex and intricate, requiring the 
flexibility of the planning system and guided by representations and the application of 
relevant planning policies and other material considerations. Proposals which demonstrate a 
thorough appreciation and understanding of a heritage asset and sympathetic design as well 
as a willingness to work with the LPA has greater chance of a having a successful outcome. 
It should be noted that this application evolved from earlier versions proposing conversion 
of buildings on the site [20]. Notably, proportionate development appears to have been 
important, on the basis that the impact on the heritage asset was not considered to be 
substantial, this differs from earlier renditions which sought to provide five dwellings at the 
site (Applications P162794/F and P162799/L were withdrawn) and received a number of 
objections with Historic England describing the proposal as “intensive residential use” which 
will “diminish the significance of the listed group as a whole” [21]. Equally absent was the 
driver of viability which, as will be seen in the second case study, can be highly influential 
in terms of the proposal and the extent of interference with the historic asset and its features. 

4.2  Case Study 2: Planning Application Troy House, Mitchell Troy, Monmouthshire 

The proposal at Troy House, a Grade II* late 17th century manor house involved two 
elements (i) the conversion of the listed building into 23 luxury apartments and (ii) the 
construction of two new wings to the building providing a further 31 new luxury apartments. 
The building, located to the southeast of Monmouth, in the open countryside, sits within a 
Historic Park and Garden and within the Wye Valley Area of Outstanding Natural Beauty 
(AONB). The site is situated on undefended flood plain, identified in Technical Advice Note 
15: Flood Risk as a C2 flood zone [22]. The application was submitted in June 2008 and 
taken to Committee first on June 6, 2017 with recommendation to refuse on the grounds of 
insufficient information [23]. Following the submission of additional information required 
by the Committee, the application was approved with conditions on February 6th 2018 by 
the Planning Committee reflecting the Officer’s refreshed recommendation which concluded: 
“It is considered that this recommendation is in accordance with the sustainable development 
principle through its contribution towards one or more of the Welsh Minister’s well-being 
objectives set out in section 8 of the Well-Being of Futures Generation Act. This particular 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  231

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



application has a number of specific constraints and concerns and significant weight has been 
given to ensure that the listed building is preserved and would preserve the social and cultural 
wellbeing of Wales in the long term by restoring a significant heritage asset” [24].  
     Such a conclusion is a clear departure from the development plan and indeed the local and 
national planning policy. PPW (2016) at paragraph 6.1.4 emphasises that following the 
development plan is the most effective way to secure sustainable development and therefore 
LPAs require good reasons if they approve a development which is a departure from the 
approved or adopted development plan or is contrary to the Welsh Government’s stated 
planning policies or the advice of a statutory consultee. 
     Again, the principle of conversion of the listed buildings and the construction of two 
additional wings to the building for residential use was central to decision. Policy LC1 of the 
LDP establishes a presumption against new built development in the open countryside unless 
proposal sits within an exceptional circumstance and even then it will need to satisfy a 
number of criteria [24]. Indeed, Policy H4 of the adopted LDP sets out seven criteria which 
must be satisfied for rehabilitation of buildings in the open countryside for residential use to 
be supported. These include, that the proposal is of a scale and bulk which respects the rural 
character and design of the building and that “only very modest extensions will be allowed” 
in such conversions. The policy states that the criteria will be applied strictly. 
     The Officer’s report contended that the proposal was acceptable on the basis of 
sympathetic design and finish reflecting the character of the original building [24]. However, 
representation received from Cadw and Heritage Officer comments did not clearly indicate 
the same conclusion. Cadw felt some of the new elements had the potential to harm the 
historic character of the building and its setting. Similarly, the report dismissed NRW’s 
objection to what NRW described as “significant adverse visual effects on the AONB and 
registered landscape”, arguing that “[a]lthough it would be beneficial for the scheme to be 
supported by a landscape impact assessment, the siting of the new build development is 
acceptable and justifiable in architectural terms”. It refers to a group of mature trees on the 
site considered to screen the impact and concludes that the proposal complies with policy 
LC4 of the LDP. NRW also objected to the proposal on the ground that it failed to comply 
with the criteria in A1.14 of TAN15 [25]. Indeed, NRW requested that the Council review 
the amount of new build development but, according to the Officer, the viability assessment 
mitigated any downsizing of the proposal [25]. Furthermore, whilst Policy S4 of the 
development plan provides for provision to be made for a percentage of dwellings in a 
conversion development to be affordable dwellings no such requirement was made in this 
instance on the basis of creating an unviable development proposal. 
     The objective of planning policy for heritage assets in Wales is to find the best way to 
protect and enhance their quality and retain them in a sustainable use [26]. It is debateable 
whether the approval of this proposal satisfies this national planning objective on either 
element – the extent of physical and material change to the building and its setting will, 
arguably, neither protect or enhance the value of the asset or result in its sustainable use. 
Compellingly, even section 66 of the Planning (Listed Building and Conservation Areas) Act 
1990 acknowledges the importance of conducting a balanced assessment in which all material 
consideration are taken into account when determining proposals to a listed building: “special 
regard does not and should not be interpreted as an automatic presumption in favour of 
development where it seeks the long term preservation of a heritage asset at the cost of all 
other relevant material considerations”. Indeed, in the representation submitted on behalf of 
our clients, it was argued that when applying section 66 to the Troy House application, it was 
clear that the proposal should not be supported. 
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     Comments from Monmouthshire County Council Heritage Officer is not accessible 
online, although they are referred to in the Officer’s Committee Report of January 2018 [24]. 
There is little discussion which demonstrates the Officer’s evaluation of the proposal against 
the extent of harm to the heritage asset. It is legitimate to expect that the Officer’s report 
contains a detailed and direct evaluation regarding the impact of the proposals to the asset 
balanced against the heritage value. Paragraph 6.4 of the Report provides a brief explanation 
of the significance of Troy House and its last use as a boarding school. The evaluation 
identifies the building as a significant asset recognising however that “the proposals that form 
part of this application…will have an impact on the internal and external significance of  
the building”. This discussion continues by concluding “however when balanced against the 
issues discussed above this is considered acceptable and necessary to secure the new use for 
the building”. Clearly then, although not directly set down in the Report is the conclusion 
that the heritage asset is a significant heritage asset and that the proposal has the potentially 
to substantially harm or impact the significant asset. Accordingly, the evaluation should then 
turn to the benefits of intervention and the specific impact on the special architectural and 
historic interest of the building [24]. It should be demonstrated that the public benefit of 
rescuing an important asset decisively outweighs the harm to other material interests. 
     In this instance, the Officer recommended the application for approval with conditions, 
recognising it as a departure from the development plan, in terms inter alia, of its location in 
the open countryside and the construction of highly vulnerable development on undefended 
floodplain. The Officer justified this departure from relevant planning policy on the grounds 
that “[t]he enabling development is fundamentally required in order to provide the finance to 
convert the listed building which is at risk” [24]. As such, substantial emphasis (and reliance) 
in the assessment of the proposal was placed on the 2015 viability assessment [27]. 
     In terms of the siting of new development on C2 floodplain, following additional 
information NRW maintained its objection and raised concerns regarding the potential effects 
on the AONB. Policy SD3 of the development plan provides that “highly vulnerable 
development will not be permitted in areas which are liable to flooding”. The Flood 
Consequences Assessment was considered by NRW to be insufficient to enable them to 
withdraw their objections and they also raised concern regarding the potential effects on the 
AONB [25]. Policy LC4 sets out that development must be subordinate to the primary 
purpose to conserve and enhance the natural beauty of the area. The importance of  
protecting the landscape value of the Wye AONB is emphasised under Policy H4 which 
guides decision-makers to place greater weight on design, means of access, service provision 
and garden curtilage where the proposal is situated within the Wye Valley AONB. Policy 
LC4 sets out the planning policy for the Wye Valley AONB requiring proposed development 
to be subservient to the primary purpose to conserve and enhance the natural beauty of the 
area (regard is given to: (a) compatibility with the character, purpose and management of the 
AONB; (b) design, quality and materials; (c) landscaping; d) protection of landscape features; 
(e) generation of additional traffic; (f) impact on nature). The Officer sought in his second 
report to Committee to justify the setting aside of flood risk concerns, harm to the setting of 
the listed building and landscape on the basis that the “long term preservation of the building 
is considered to outweigh the in principle flood risk objection and the concerns of consultees 
in terms of impact of the development” [24].  
     The Officer’s report justifies the recommendation to approve the proposal and reasoned: 
“The approval of this application would ensure that this building of national importance can 
be restored and saved for future generations. The long-term preservation of the building is 
considered to outweigh the in-principle harm and the concerns of consultees in terms of 
impact of the development on the registered historic garden and the wider landscape” [24]. 
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This conclusion appears to go beyond a departure from the development plans and national 
policy, but also places minimal weight on consultee responses including those of the NRW 
and Cadw. It is clear that the Officer in exercising their planning judgement has apportioned 
greater weight to the long-term conservation of the significant heritage asset. However, the 
number of adverse impacts associated with the scale of enabling development required to 
make it viable in this instance suggests that other elements which equally form part of 
sustainable development have been traded off in the interests of permitting the scheme for 
the listed building conversion. This raises the question at what point will public benefit and 
other substantial harms be given greater weight in planning decisions than the restoration of 
a significant asset? Particularly, when the impact on the asset itself is considered by 
consultees to be transformational to the character, features, architectural value or setting of 
the heritage asset.  

5  CONCLUSION 
Through two specific examples, this paper has sought to provide an insight into the 
complexities associated with balancing quite diverging components of sustainable 
development in the land-use planning process. Challenges for sustainable development 
emerge where proposals accord with some elements of the principle but conflict with others, 
for example repurposing heritage assets to secure their future but simultaneously increasing 
flood risk, exacerbating traffic movements or increasing residential occupation outside 
defined settlements. 
     The extent to which the preservation of significant heritage assets should be prioritised 
over and above these other sustainable development components remains, as the nature of 
the planning system is established, at the discretion of those conferred with statutory powers 
of decision-making. To this end, national guidance and the development plan are the key bolt 
holes for securing consistent planning decisions, although the statutory provision allows for 
a departure, as borne out in the Troy House case. 
     It has not been the intention of this paper to compare these two separate and different 
applications to repurpose heritage assets. Indeed, it would be erroneous to do so. Despite 
them having some elements in common, there are substantial differences between them, 
including the scale of proposed development and the jurisdiction for the purposes of  
relevant law and policy. Moreover, the author, as the Development Management Officer  
for the Old Court application would clearly be preferential to her own determination. The  
discretion afford in the planning system facilitates the balancing of material considerations 
which may often be in conflict or create tensions which the determining officer is  
responsible for evaluating. Consequently, within the limitations of the duties conferred by 
statute, it is possible for Planning Officers to reach different decisions based upon the same 
material considerations [28].  
     A number of observations regarding the balancing of significant heritage assets and other 
material considerations can be drawn from the above analysis. First, policies in relation to 
heritage assets are complex to apply in practice. Determining significant harm is a value 
judgement and relies upon expert advice from relevant statutory consultees and in-house 
Building Conservation Officers. This will be considered on the merits of each case but, as 
section 66 of the Planning) Listed Building and Conservation Areas) Act 1990 sets out, works 
to listed buildings for preservation and conservation should not be undertaken at all costs. 
Therefore, the Officer’s approval recommendation for Troy House loses credence. At the 
point there is “transformation” [29] of a building, the heritage asset surely ceases to exist? 
     The extent of proposed works must therefore be influential to the decision. The greater 
the scale of interference with the heritage asset, the more likely that significant harm will be 
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done. In the proposals for Old Court, Brobury, the scale of the alterations was a determining 
factor for the Building Conservation Officer in advising on the capability of supporting the 
proposals in accordance with national and local policies. As a result, the original proposal 
was substantially reduced in scale and intensification. However, viability was not a factor in 
the determination, whereas in Troy House the Officer placed weight on the viability of the 
proposal under the enabling development policy in PPW. The inclusion of viability into 
development proposals is not always conducive to the preservation or conservation of 
significant heritage assets. This is because extensive repairs and renovations to convert and/or 
repurpose a redundant or disused building is by virtue of the nature and importance of the 
building more expensive, often requiring specialist materials or building and construction 
techniques. Consequently, in order for these types of schemes, particularly those larger 
schemes, the greater the need for applicants to satisfy themselves that they will receive a 
return upon completion of the project. Furthermore, the greater the need should be that 
Planning Officers are content that the applicant will see the project through. The trade-off 
provided with viability assessments is that damage will occur to heritage assets in order for 
those assets to be provided with an opportunity to be resurrected for use today. 
     A further observation is that such determinations are reliant on accurate and up-to-date 
information. Indeed, the NPPF recognises this in paragraph 192: “The right information is 
crucial to good decision-taking”. Therefore, decision-makers should satisfy themselves they 
have the level of information and advice they require to assess the proposal and where 
statutory consultees request further information to evaluate the proposal this should be 
required, and the consultee satisfied sufficiently to remove any objection to the proposal.  
     In addition, the evolution of proposals can be difficult to follow by those on the outside 
of the system. This can be further confused through, for example, delay in uploading 
comments or progress on the application to the website, poorly labelled files in the public 
domain, acceptance of amended plans without re-consultation and delays in decision-making. 
It is little wonder that the planning system has a poor public reputation when the process can 
be impenetrable and complex to follow. Indeed, the application at Troy House is muddied  
by the length of time and volume of documents associated with its evolution over the past  
9 years. It is therefore not surprising that the decision to approve the planning application and 
grant listed building consent for the proposed development at Troy House is at the time of 
writing before the Welsh Ministers for reconsideration. 
     Lastly, it is unlikely that any decision will satisfy all interested parties. This is the nature 
of land-use planning. Consequently, it is the responsibility of the determining Officer to 
ensure they have all relevant information, that they have followed the statutory procedures 
prior to making a decision and that they have provided reasons for the decision in adequate 
detail which demonstrates that all material considerations have been taken into account and 
how they have been balanced against each other to reach the decision to approve or refuse.  
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BUILT HERITAGE USE AND  
COMPATIBILITY EVALUATION METHODS:  
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ABSTRACT 
Built heritage use can be seen as both an occasion and an impediment for its conservation; while an 
appropriate use of built heritage is necessary for the promotion of its cultural values and for its 
preservation, an incompatible use or a series of interventions for the satisfaction of the user’s 
requirements can provoke damages and lead to its loss. During the last few years, different 
methodologies for use compatibility have been developed in order to measure and evaluate the impacts 
on cultural heritage caused by the user’s requirements, providing in this way an evidence base for 
decision-making. This paper provides a literature review of these methods with the purpose of  
analysing their different approaches, underlining their particulate aspects, and reflecting upon their 
possible advancement. 
Keywords:  built heritage use, integration of conservation and valorisation activities, building needs, 
user requirements, compatibility evaluation methods, efficient and effective conservation. 

1  INTRODUCTION 
Built heritage use can be seen as both an occasion and an impediment for its conservation; 
while an appropriate use of built heritage is necessary for the promotion of its cultural values 
and for its preservation, an incompatible use or a series of interventions for the satisfaction 
of the user’s requirements can provoke damages and lead to its loss. 
     In this perspective, conservation recommendations and guidelines as well as best practices 
and research suggest the integration of conservation and use/valorisation activities. The 
management of use becomes in this way, a means of a more efficient and effective 
conservation of built heritage. This implies on the one hand, the understanding of the needs 
of the building, the identification of its limitations as well as its potentialities, and on the 
other hand, the understanding of people expectations. The analysis and evaluation of these 
two aspects aims at the development of possible solutions and the selection of the one that 
better matches user requirements to what a building can realistically provide [1]. 
     As easily can be understood this kind of operation involves a large number of factors that 
have to be taken into consideration and requests a holistic vision of the problem in order to 
be effective. In fact, the application of formal analysis and evaluation frameworks, during 
the last decade, in the field of cultural heritage has contributed to a more rational and 
transparent process dealing with complexity.  
     This paper provides a literature review of the methods above, with the purpose to analyse 
their different approaches – depending on the urban or building scale of analysis, the 
occupancy or not of the buildings, the private or public use – to underline their particulate 
aspects, and to reflect on their possible advancement. 

2  THE USE COMPATIBILITY APPROACH TO THE PROJECT EVALUATION 
As it was pointed out by Della Torre [2] during the conference on compatibility in 2003 there 
are two different approaches to the compatibility concept, as a requirement of the addition of 
a technological system or as a characteristic of the existing building conditions. In other 
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words, the first approach involves the elaboration of a project, while the second one the 
management of the actual conditions. 
     Looking into the first approach related to the project evaluation, the guidelines for the 
drafting of the preliminary project document [3] address the use compatibility evaluation 
through the comparison of the use requirements with the building characteristics and its 
relationships with the context. Accordingly, the evaluation is based on in-depth analysis both 
of the use requirements and the building potentials and limits. In this way, the reuse project 
is able to guarantee the fulfilment of the user needs in compliance with the conservation 
constraints and the technical quality of the project.  
     The flexibility evaluation method proposed by Di Battista et al. [4] follows the same 
principles. The method provides the selection of the use destinations according to external 
and internal relations. The former category takes into consideration the activity requests at 
urban level as well as their potential negative impacts. Whereas the latter regards the building 
level and examines firstly the existent values and the conservation building objectives, 
secondly the performance of the building (in relation to the safety, accessibility, well-being 
and management aspects), and thirdly the flexibility of the environmental and technological 
systems. The proposed method suggests a decision-making approach which proceeds 
gradually by limiting the various alternatives through the evaluation of the  
compatible performance improvement (i.e. obtained with the minimum physical 
transformation and in particular with the minimum material loss) and its comparison with the 
corresponding requirements.  
     The Resilience Evaluation method (REM) elaborated by Morandotti [5] consists in the 
evaluation of the adequacy of a new function according to the sustainability of  
the transformations on the existing building. Starting from a performance assessment of the 
existing building, the analysis defines a synthetic indicator – the Performance Adequacy 
Value – and provides an evaluation score based on four parameters, i.e. usability, comfort, 
safety and accessibility. At a further step it is defined the Resilience Threshold Value by 
determining the impact of transformation design solutions on the existing building through 
the evaluation of eight parameters such as material removal, structural alteration, spatial 
alteration, identity weakening, safety increase, carbon footprint reduction and design for all. 
What emerges from the proposed method is the introduction of a quantitative approach to the 
preliminary design phase that allows the measurement of a project impact on a building.  
     Another contribution to the compatibility evaluation is given by the Architectural Impact 
Assessment. This method frames the research question of the building transformation limits 
by adapting the Environmental Impact Assessment procedure to the sector of building 
heritage [6]. Through the introduction of architectural indicators, which record the 
modifications in respect to materials, constructive techniques, and form, the aim is to quantify 
and compare the impact i.e. the advantages and the drawbacks of the various project 
alternatives. What determines this evaluation is the weight given both to the impact and to 
the affected building component. Furthermore, the results obtained by this operation is 
possible to acquire a different importance according to the criteria imposed by the  
decision-making process.  
     The scope of ICOMOS Guidance on Heritage Impact assessments for Cultural World 
Heritage Properties [7] consists in assisting the decision-making process related to different 
projects of large-scale development. The document underlines that independently of the 
assessment method chosen, what becomes relevant is the consideration of the attributes that 
convey “Outstanding Universal Value” to a World Heritage Site or, more generally speaking, 
values to a cultural heritage [8]. As a result, the impact evaluation is determined not only by 
the scale of change but also by the importance of the attribute. A further consequence regards 
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the necessity of a vital link between the attributes of the site and the attributes of the 
development for valorising the site [7]. In this perspective, understanding significance and 
using values is of central importance for heritage impact assessment [9].  
During the last years, the Multi-Criteria Decision Analysis (MCDA) has been applied in the 
field of cultural heritage. The presence of a large number of aspects and of diversified nature, 
often in conflict, and many of them difficult to be quantified has led to the application of 
multi-criteria techniques to the evaluation of the various alternative projects [10]. Methods 
such as the Multi-Attribute Value Theory (MAVT), the Analytic Hierarchy Process (AHP), 
the Analytical Network Process, (ANP), the Fuzzi-set theory, and the Weighted Sum Model 
(WSM), were used for the selection of reuse alternatives and enhancement strategies [11], 
[12]. What stands at the base of the methods above is the idea to put in relation the 
characteristics of a project with the objectives and the preferences (i.e. the attributes or 
criteria) of the decision-maker. 
The methods of compatibility evaluation described above, regard the elaboration of a project 
and the estimation of its impact on the built heritage, in order to judge its appropriateness. 
From the analysis, certain common elements emerge. The first two methodologies, flexibility 
and resilience-based evaluation, follow a performance-based evaluation by taking into 
consideration the safety, the accessibility, and the well-being requirements, aiming at the 
performance improvement with the minimum transformation and material loss. Whereas,  
the next three methods highlight the importance of the significance/value of the elements and 
of a weighting procedure, necessary to clarify the objectives and the criteria of the evaluation 
that are always observer- and context-dependent [13]. 

3  THE USE COMPATIBILITY APPROACH TO THE MANAGEMENT PLAN 
The second approach to the compatibility concept is related to the management of the actual 
use conditions of a building and the long-term effects of the users’ behaviour [2]. This 
category places in the middle the importance of continuous control procedures necessary to 
determine the limits of physical stresses and of risk thresholds due to the human activities 
[14]. The following methods represent significant examples in this direction based on the 
determination of carrying capacity and the assessment of risks. 
     During the 1960s and 1970s, the carrying capacity concept was applied to the models of 
visitor management for the safeguarding of natural and cultural resources. The idea was to 
evaluate the impacts resulting from the visitor use, in order to determine the number of 
visitors that once exceeded the negative effects are manifested. However, it became soon 
obvious that this kind of estimation is not practicable because of the various involved factors 
that are related not only to quantitative aspects but also to qualitative considerations [15]. 
Furthermore, the social aspects associated with the public use request of these resources 
enlarge the resource perspective of the carrying capacity issues by consideration of human 
values [16]. As a result, current approaches to visitor use management focus on establishing 
limits on impacts instead of visitors, or as widely known the limits of acceptable change 
(LAC). The LAC-based methodologies count the following common elements: the 
determination of objectives, the identification of impact indicators, the setting up of standards 
for the definition of the minimum acceptable conditions and the development of a monitoring 
and management action [15], [16]. Indicative examples of the LAC procedure application are 
the preventive measures developed within the management plans of the UNESCO World 
Heritage Sites [17]. What emerges with clarity in these methodologies is the importance of 
monitoring for the determination of carrying capacity that is considered an ongoing process.  
     From the experience of U.S. National Parks and the Visitor Experience and Resource 
Protection (VERP) framework (an adaptation of the LAC process) comes out an operational 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  239

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



tool for the tourism/recreation management. It consists in management matrices based on 
classification systems [18]. The first system regards the recreation/tourism impacts and the 
related problems, while the second considers the management strategies and practices that 
can be used to address these problems. These classification systems can be combined into a 
series of matrices, offering in this way a more systematic approach to guiding recreation and 
tourism management.  
     The Pressure-State-Response (PSR) model developed by the Organisation for Economic 
Co-operation and Development (OECD) – examples of adjusted versions of the model are 
the Driving force-State-Response (DSR) model used by the Unites Nations Conference on 
sustainable development (UNCSD) and the Driving force-Pressure-State-Impact-Response 
(DPSIR) model used by the European Environment Agency (EEA) – is based on a system of 
indicators able to integrate environmental, social and economic aspects in a way useful for 
decision makers in the field of strategic assessment [19]. The model has been proposed in the 
guidelines elaborated by the Italian Ministry of Culture for the management plan of World 
Heritage Sites [20]. Specifically, the document applies the analytical and interpretative 
system of indicators to the evaluation process of the management strategies and actions. The 
cause-effect relationships pointed up by the model contribute to the better understanding of 
the impacts caused by the human activities and the development of the necessary  
strategies to prevent and mitigate them. Another model of critical analysis able to support  
the identification of strategies, proposed by the same document, is the  
Strengths-Weaknesses-Opportunities-Threats (SWOT) matrix. This kind of analysis is 
particularly relevant for the cultural heritage seeing that it provides an effective integration 
of conservation and valorisation strategies.  
     The integration between conservation and access promoted by the National Trust strategy 
bases on the statement that “preservation may always permit of access, while without 
preservation access becomes for ever impossible” [21]. In recent years, 2007–2010, Trust’s 
objectives focused on maximizing sustainable access to properties by measuring three 
factors, the social benefits, the conservation benefits and the financial costs [22]. This 
approach, called Triple Bottom line, incorporates various planning tools and processes.  
     One of them, the Conservation for Access (C4A) toolkit was developed for balancing 
conservation and access. The method highlights the importance of the required economic 
resources for the opening of historic houses to the public. In fact, to prevent damages from 
the visitor use refers to the existence of adequate housekeeping hours, numbers of staff and 
equipment proportional to the number of visitors and the timing of use [22]. The measure of 
the real costs compared to the required ones indicates the sustainability or not of public use. 
Therefore, any extension of the opening hours and the consequent income increase should be 
evaluated with respect to the increased resources needed in order to inform decision-making.  
     What comes out from the examples taking into consideration above is that the elaboration 
of formal procedures based on the concept of carrying capacity regard mainly the visitor 
management of natural and cultural heritage sites. Other examples of similar procedures 
focusing on risk analysis can be found in the field of museums and their collections. In respect 
of built heritage, we can notice that the application of evaluation models, such as SWOT 
analysis, DPSIR model, Risk Map model, concerns principally the planning of strategical 
actions at an urban and territorial level.  

4  CONCLUSIONS 
The study highlights the existence of a large number of methodologies, which derive from 
diverse scientific fields and their application to the sector of cultural heritage. What brings 
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them together is their attempt to measure and evaluate the impacts on cultural heritage caused 
by the user’s requirements providing evidence base for the decision-making.  
     The term of compatibility and its sense is amplified by concepts such as flexibility, 
resilience, adaptability, carrying capacity, vulnerability, acceptability, sustainability, 
demonstrating in this way the necessity for a holistic vision of the question through the 
consideration of the multiple factors involved.  
     In particular, the assessment of values/significance obtains a central role in the process of 
use compatibility evaluation, enabling an effective integration of conservation and 
valorisation practices. Looking at the social and economic aspects, the use compatibility 
becomes broader and strictly related to the sustainability evaluation.  
     In this perspective, the formal evaluation methods based on weighting procedures become 
mandatory for the clarification of the objectives and of the evaluation criteria that are always 
observer- and context-dependent.  
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ABSTRACT 
A small island in the Mediterranean, Malta is rich in culture and heritage architecture spanning several 
thousand years – from prehistory to Roman, Arab, Norman, Medieval, Knights of St John, French, 
British and modern Malta. Heritage Malta is the national agency that manages several historical 
buildings and sites, including sites inscribed on the World Heritage List ranging from the underground 
Ħal Saflieni Hypogeum to the Megalithic Temples and the City of Valletta. The importance of 
preserving heritage buildings for all of humanity is widely accepted. Cultural heritage belongs to people 
from all walks of life, and each person has a right and responsibility to appreciate and conserve its 
universal values. Rendering sites accessible inherently implies a degree of impact; hence, this raises a 
number of questions: What is accessibility? What are the potential impacts and risks? Is physical 
accessibility a right in all cases? What solutions can be adopted to render cultural heritage accessible? 
This paper will focus on how Heritage Malta, through its various projects and interventions (past and 
future), is addressing its mission statement in rendering cultural heritage accessible to the wider public. 
Furthermore, the paper shall also highlight the benefits of having an agency setup managing multiple 
assets. 
Keywords:  Heritage Malta, accessibility, cultural heritage, values, society, public, World Heritage 
sites. 

1  INTRODUCTION 
Malta, being a small island in the centre of the Mediterranean Sea, is rich in history and 
culture spanning from Prehistory to Roman, Arab, Norman, Medieval, Knights of St John, 
French, British and modern Malta. 
     The Maltese agency, which takes care of cultural sites for both present and future 
generations, is Heritage Malta, which also ensures that all elements of cultural heritage 
entrusted to it are protected and made accessible to the public. 
     Heritage Malta is responsible for forty one (41) different heritage sites located all over the 
island, twenty-six (26) of which are open for visitors to enjoy on a daily basis. Seven (7) of 
these – the Megalithic Temples of Malta and the Ħal Saflieni Hypogeum – are World 
Heritage sites, while several others are historical buildings located within the world heritage 
City of Valletta. Even though not all sites are open to the public, all have a high cultural 
significance. 
     One main objective of this paper is to describe one of Heritage Malta’s primary roles 
which is “to bring culture closer to the people through facilitating interpretation and 
accessibility, both physical and intellectual depending on the needs of society and the 
government. Whether through temporary exhibitions, public lectures, heritage trails or other 
specialized events, the agency ensures that it lives up to the motto of safeguarding a future to 
our past” [1]. Another objective is to review the balance between the protection of heritage 
sites vis-a-vis the level of accessibility for visitors to experience and enjoy. Each individual 
will experience heritage sites in a unique manner and will create different memories, 
depending on his or her interests. 
     Three sites of different nature will be discussed, in order to give a brief overview of the 
different criteria that one comes across when dealing with cultural heritage. The sites, a 
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Baroque palace, a prehistoric underground cemetery, and a prehistoric megalithic structure, 
will be described below. All three have a visitor centre, one within the site itself, one directly 
above it and one a few metres away. 

2  CASE STUDIES 

2.1  Grandmaster’s Palace in the City of Valletta  

The Grandmaster’s Palace was one of the first buildings in the new city of Valletta founded 
by Grand Master Jean de Valette in 1566, a few months after the successful outcome of the 
Great Siege of Malta in 1565. The palace was subsequently enlarged and developed by 
successive Grandmasters to serve as their official residence. Later during the British period, 
it served as the Governor’s Palace and was the seat of Malta’s first constitutional parliament 
in 1921. The palace today is the seat of the Office of the President of Malta. 
 

 

Figure 1:  Grandmaster’s Palace. (Source: Image courtesy of author.) 

     The Palace Armoury is one of the world’s largest collections of arms and armour and is 
still housed in its original building. The Knights of St John were a unique brotherhood of 
resolute warrior monks. From Malta, their island stronghold, these combatant aristocrats 
from the noblest houses of Europe, carried out their relentless crusade against the Ottoman 
Turks in defence of the Catholic faith. The Palace Armoury is, therefore, certainly one of the 
most visible and tangible symbols of the past glories of the Sovereign Hospitaller Military 
Order of Malta. 
     Hence, both the State Rooms and the Armoury are the showpiece of the Presidential 
Palace sited at the heart of Malta’s World Heritage capital city [2]. 

2.2  Ħal Saflieni Hypogeum in Paola 

The Ħal Saflieni Hypogeum is an underground prehistoric burial site discovered in 1902 
during construction works. This site is complex, made up of interconnecting rock-cut 
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chambers set on three distinct levels. Earliest remains at the site date back to about 4000 BC, 
and the complex was used over a span of many centuries, up to circa 2500 BC. The uppermost 
level consists of a large hollow with burial chambers on its sides. This hollow was probably 
originally exposed to the sky and excavations in the early 1990s indicate that there may have 
also been a monumental structure marking the entrance.  
     A doorway leads to the Middle Level, which contains some of the best-known features of 
the Hypogeum such as the intricate red ochre wall paintings and the beautifully carved 
features that recall the architectural elements common in contemporary megalithic above-
ground structures. The deepest of the three levels is known as the Lower Level, which is 
accessed down seven steps in the chamber popularly known as the “Holy of Holies” [3]. 
 

 

Figure 2:  Ħal Saflieni Hypogeum. (Source: Image courtesy of Heritage Malta.) 

2.3  Ħaġar Qim and Mnajdra Temples in Żurrieq  

Ħaġar Qim and Mnajdra Temples are located along the southwest coast of Malta, 500 m away 
from one another and some 2 km away from the village of Qrendi. Ħaġar Qim temples, 
standing at the top of a ridge, with the ground sloping away on three sides, has always been 
a conspicuous landmark. 
     The complex of Ħaġar Qim consists of one large building and two smaller separate 
structures. All three buildings are entirely constructed in Globigerina Limestone, a type of 
stone that outcrops in the immediate vicinity. The main building appears to have been created 
in a succession of building interventions during the fourth millennium BC, resulting in an 
unusually irregular and complex ground plan. 
     Mnajdra consists of three main buildings. The earliest of the three is the small three-apsed 
structure, built around the mid-fourth millennium BC. The South Temple, which has a four-
apsed plan, was constructed early in the third millennium BC whilst the Central Temple, 
similar in plan, was last to be built. 
     Unlike Ħaġar Qim Temples, the external walls here were built with Lower Coralline 
Limestone which outcrops naturally in the vicinity. A particular characteristic of this site is 
the orientation of the South Temple. This building is aligned with the rising position of the 
sun during the Equinoxes [4]. 
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Figure 3:    Ħaġar Qim and Mnajdra Temples. (Source: http://geoserver.pa.org.mt/ 
publicgeoserver.) 

3  METHODOLOGY 

3.1  Management plan 

A management plan for a cultural heritage site is a document that combines general strategies 
and polices with specific goals that relate to the significance and setting of the site [5]. This 
type of report is done for each and every cultural heritage site around the world. When 
comparing one report with another, it can be noted that the scope of each is the same. In 
general a report usually consists of a site description and documentation, site assessment and 
analysis, management context, site significance and values, conditions, risks and key issues, 
visions, aims and policies, strategies, actions and plan implementation. 
     Three international examples of a management plan are: 

1) The Republic of Tajikistan – Central Asia [6]. 
2) Qusayr ‘amra site management plan – Eastern Jordan [7]. 
3) Pasargadea management plan – Iran [8]. 

     The section of the management plan dealing with the conservation of the site provides a 
holistic framework for decisions about conserving and, sustainable enjoyment of the site. 
One aspect of the management plan is in fact on how to best preserve the site while at the 
same time allowing the public to enjoy it. Example in the management plan called “The 
Republic of Tajikistan” in Central Asia it states that “the plan to increase the number of 
visitors has taken that issue into account. There will not be any visits without a guide, and 
moreover of a trained guide, featuring a guided tour in which the specific facets of site 
preservation are presented and explained” [6]. Hence for this particular site people will enjoy 
but with guidance. 
     Heritage Malta employs professionals with different areas of expertise. Some are 
architects, others scientists, others curators, archaeologists, accountants, designers, etc. that 
get together in order to make a project a success. However, before actually starting to work 
on any kind of project, it is the curator’s task to formulate a management plan. During this 
process, the curators consult a number of different stakeholders that include government 
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departments and agencies, non-governmental organisations, interested parties and the public. 
The wider the range of stakeholders being consulted the better. This is always beneficial in 
every management plan that is done. The Pasargadea management plan in Iran in fact shows 
a list of over ten (10) different stakeholders such as architects, structural engineers, tourism 
organisations, natural resource organisations, cultural heritage organisations, historians, 
archaeologists, conservators etc… that were consulted [8]. 
     Once the management plan is approved, it is then of utmost importance, that everyone 
including the public abides by it. One aspect that can be determined from the plan, which is 
relevant to this paper, is whether a museum for visitors is adequate for such a site or not or 
whether the museum can be located within the site or must be built away from the historical 
site. 
     In a good number of sites managed by Heritage Malta, one of its main missions is to weigh 
all possible risks indicated in the management plan, in order to be able to develop a historical 
place into a museum for the public to enjoy while still preserving it for future generations. If 
the nature of the site permits the constant presence of visitors, the centre must then be 
designed in such a way to accommodate visitors but also staff members. 

3.2  Accessibility to cultural heritage 

3.2.1  What is accessibility? Is it only limited to physical access? 
Cultural heritage, in both tangible and intangible forms, is found across the environment. 
Tangible heritage can take the form of features within structures, single buildings or entire 
territories, movable or immovable items. Such sites are given value and are considered 
significant by the people who experience them – individually but also collectively, as part of 
a community. Therefore, accessibility to cultural heritage sites potentially increases their 
importance to communities and, as part of their community, it is individuals who determine 
this “value – accessibility” interdependence. Naturally, elements of cultural heritage are not 
equally accessible; the different parameters of each site are to be studied individually 
depending on the circumstances [9]. 
     Accessibility to heritage sites is necessary to allow the public to explore, experience, and 
thus renew their heritage. Even though accessibility should not only be limited to physical 
access, but also intellectual and experiential access [10], nothing beats the actual visit to a 
heritage site. Hence, the dilemma arises of how to identify possible and acceptable degrees 
of physical access without compromising the monument itself.  

3.2.2  What makes one decide whether a monument should be accessible or not? 
Cultural heritage is not just a set of cultural objects or traditions from the past. It is also the 
result of a selection process: a process of memory and oblivion that characterizes every 
human society constantly engaged in choosing – for both cultural and political reasons – what 
is worthy of being preserved for future generations and what is not [11]. This affects the level 
of accessibility that can be given to a site while mitigating possible risks to its protection. 
Sociocultural values are attached to an object, building or place because it holds meaning for 
people or social groups due to its age, beauty, artistry, or association with a significant person 
or event or otherwise contributes to processes of cultural affiliation.  
     “The assessment of values and the understanding of threats at the site allowed the 
definition of a vision statement and of policies addressing long term conservation, 
presentation, and community engagement at Qusayr ‘Amra” [7]. 
     Different sociocultural values can sometimes overlap. For example, a church can have 
spiritual or religious significance as well as historical value (the history of generations 
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worshipping in the church and playing a role in the development of the surrounding 
community). Other values may include political value (the use of heritage to build or sustain 
civil relations, state meetings held by credentials committee, governmental legitimacy, 
protests or ideological causes) and social values, which may include the use of a site for social 
gatherings such as celebrations, markets, or picnics. These are activities that do not 
necessarily capitalize directly on the historical values of the site but, rather, on the 
public/shared-space qualities [12]. 
     The Maltese Government has set up Heritage Malta way back in 2002 [13] to preserve 
such monuments reflecting on society’s needs and to create the best conditions in which to 
allow the public to engage with the sites. At the end of the day, it is the public that determines 
which of the site’s values will be deemed more important for the community [14]. 
     Therefore, Heritage Malta attempts to impart on its various publics, starting from a very 
young age, the importance of cultural heritage and that heritage belongs to everyone to enjoy. 
It does this by organising a range of different events and activities, from simple open days to 
lectures, thematic events and artistic events where artists interact with heritage to create 
original performances and/ or works of art.  

3.3  Involving the public 

Heritage is precious and non-renewable [15] and belongs to the community. The community 
has a responsibility to preserve its heritage, as stressed in the Amsterdam Declaration [16], 
not for its own sake but also that of its descendants [17]. Otherwise, part of “man’s awareness 
of his own continuity will be destroyed” [18]. 

3.3.1  What are the potential impacts and risks? 
It is good to involve the public in recognising the value of the site and explain the reasons 
and meaning of certain rules and regulations such as “do not touch”, “do not take photos”, 
“do not climb”, etc. Considerable damage is very often caused by innocent touching. One 
touch may seem insignificant, but a million touches can seriously damage a monument. The 
tiny traces of moisture from a finger can easily strip away the patina of the monument, 
exposing it to other risks.  
     For example, when visitors use the walkway of Ħaġar Qim and Mnajdra or that of the Ħal 
Saflieni Hypogeum, designed to take visitors through the site, some actually touch the 
monument, perhaps out of curiosity, since the walkway is fixed only a few centimetres away. 
Hence, it is very important to teach the public how to observe and recognise the state of 
conservation of a monument, in order to minimise their own impact on it and thus help 
preserve it for the future.  
     Another aspect that the public is not always aware of is that if any part of a monument is 
lost, then it means that it is lost forever and cannot be replaced. Once lost, the only way is to 
replace it with a replica. Unfortunately, no matter what kind of material and method of 
construction is used to restore a monument, the original effect and experience will never be 
attained. It will only serve as a symbol that keeps the memory of such a monument alive. The 
discovery of the Ħal Saflieni Hypogeum during building activity, for example, was only 
reported to the authorities after construction works had been concluded. This resulted in 
permanent damage to the upper level of the site. Better awareness of heritage values at the 
time, may have contributed to better preservation of this part of the site. 
     Therefore, it is very important for agencies such as Heritage Malta to involve all members 
of society in a number of activities / events and to communicate information related to 
cultural heritage in order to change people’s attitudes and engage their collaboration in 
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protecting such sites. Letting the public know about the costs of restoration treatment and 
maintenance is also vital. Education value is also very important in every site in order to 
encourage the community to understand better the importance of such sites. “The educational 
value is one of Qusayr ‘Amra’s key assets” [7] same as it is for our sites in Malta. It is only 
by involving people and making them aware that heritage is fragile and finite that their 
behaviour and attitudes towards cultural heritage can possibly improve. 

4  RESULTS 

4.1  Society vis-a-vis historical sites  

“Facilities, services and infrastructures are of fundamental importance to allow a pleasant 
and appreciated visit to the site, and are thus a tool for appropriate communication of the site 
values” [7]. 

4.1.1  What solutions can be adopted to render cultural heritage accessible? 
When preparing the management plan, one question that comes to mind is, whether or not a 
separate visitor centre is required for that particular site. It is very important to consider the 
impact of visitors on both the internal and external fabric of the heritage site. For no reason 
whatsoever the historical attraction can ever be compromised in order to accommodate 
visitors. Its’ different uses must be identified, and ways should be found to allow all to take 
place without putting the site at risk. The historical place is always given priority over 
visitors, however a balance needs to be created between the conservation of the site and 
visitor access, since the public has also the right to visit and enjoy these jewels. If it is not 
possible to accommodate a visitor centre within the historical attraction, then there is always 
the option of locating it outside the monument but still close enough. 
     At Ħaġar Qim and Mnajdra, it was in fact decided to build a modern visitor centre just a 
few meters away from the prehistoric temples, since it was not possible to accommodate the 
needs required by visitors within the temples themselves. Choosing the location for the centre 
was not an easy task, since the sites are still surrounded by pristine landscape that still allow 
visitors to enjoy the sites in their landscape context. After careful consideration of possible 
options for the location of the centre, it was eventually built at the site of a carpark that was 
considered too big for the amount of visitors visiting the site. This ensured that there was no 
fresh impact on the landscape surrounding the site. A visitor centre can include but is not 
limited to a reception, an interpretation area, a shop, a cafeteria and other amenities, 
encouraging visitors to enter and spend some time in the building. These centres could also 
include displays of finds discovered in and around the sites themselves, to enable visitors to 
understand and appreciate the outstanding universal value of the sites. The profits made from 
both the shop and cafeteria help in maintaining and running of the site. Therefore, these 
should be located in areas that can be easily reached both, when entering and leaving the site.  
     On the other hand, at the Grandmaster’s Palace in Valletta, the visitor centre is located 
within the palace itself, since the building is big enough to accommodate all the requirements 
and has enough rooms readily available for this purpose. The Grandmaster’s Palace in 
Valletta also has other obligations, since it is still used for official functions such as hosting 
state visits, credential meetings and also houses the office of the president of Malta, making 
it the only office of the president, which is also open to visitors as an attraction. Therefore, 
the part of the palace that is used for official functions is presently manned by the staff from 
the office of the president who are permitted to use the building whenever needed. Heritage 
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Malta’s duty in this case is to provide the required spaces while at the same time protect and 
preserve the site for future generations. 
     It is good to keep in mind that a visitor centre does not only consist of a reception area, 
shop, cafeteria and public amenities, but could also include an office, staff room, kitchenette, 
store, switch room/server room etc… These essential facilities are required for the actual day-
to-day running of the site. Therefore, one must also make sure that apart from fitting all the 
mentioned areas any services such as electrical, lighting, telephone, computers, security, 
plumbing, fire exits and equitable access are thought of and provided for. 
     One disadvantage of daily visitor access is the environmental impact on the monument 
itself, whether it is stone, wood, glass or any other kind of material. Therefore, the 
environmental conditions need to be monitored and kept stable – both for the historical site 
itself but also for the comfort of visitors. Some of the environmental conditions that are 
usually monitored are relative humidity, temperature, light levels, airborne pollutants 
(including dust and volatile substances) and pest and mould intrusions. Example in Qusayr 
Amra Jordan should the number of tourists “increase in the future, may indeed lead to the 
overcrowding of the main monument building, with all consequent environmental 
fluctuations and their impact on the conservation of the paintings” [7]. 
     Passive design is always preferred to active. Therefore, where possible, the materials 
chosen to build the visitor centre are ones that make the building energy efficient. This can 
be easily done when the building is new but more of a challenge when the visitor centre is 
incorporated within the heritage monument itself. In such cases, one would then need to try 
to improve the environmental conditions of the site by changing or adding the skin layers of 
the building, making sure that no damage is caused to the historical part. 
     The visitor centre of the Ħal Saflieni Hypogeum is modern but built above the monument. 
Heat loss and gain from the outer skin were controlled passively, by installing insulation 
boards both on the walls and on roof. This, however, had to be supplemented by an active 
system to manage the environmental conditions of the monument itself. The monument, 
being built of globigerina limestone (which is a very soft Maltese stone), is very susceptible 
to changes in temperature and relative humidity. Hence, an active heating, ventilation and air 
conditioning (HVAC) system was installed to be able to control the ambient environmental 
conditions of the monument. The globigerina limestone tends to flake and deteriorate when 
there are fluctuations of temperature and relative humidity, but when kept constant this does 
not take place, therefore prolonging the life of the monument for future generations. Over 
and above, to control further the environmental conditions, the Hypogeum has a restricted 
number of visitors per day, that is, during visiting hours (9 am to 5 pm) only ten (10) people 
per hour are allowed to enter the site. 
     Returning to Ħaġar Qim and Mnajdra, after a lot of brainstorming within the Scientific 
Committee for the Conservation of the Megalithic Temples – a multi-disciplinary team set 
up by the Maltese Government in 2000 – it was concluded that the environmental parameters 
were one of the main causes of the loss of material from the stone and infill, leading to 
structural problems and eventually to the collapse of more vulnerable areas of the Temples. 
The main factors identified were direct rain, direct insolation, salt, biological growth and 
wind related issues. This then led to the conclusion that most of these issues could be tackled, 
at least in part, by sheltering the sites. The proposal to erect a shelter initially raised a number 
of concerns about the impact of such an intervention, particularly those on aesthetic and 
contextual values of the site. However, in order to maximise reversibility, as well as minimise 
the impact on the surroundings, it was decided to erect in each case an open, lightweight tent-
like structure where all attempts would be made to implement the principle of passive 
environmental control. Comprehensive environmental monitoring was and is still being 
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carried out both before and after the shelter was erected. The general consensus is that, for 
Malta, “the investigations carried out so far indicate that the shelters seem to be an 
appropriate solution” [19]. The protective structures, in turn, also provide shelter to the 
visitors from sun, rain and wind. 
     Visitors inside museums and sites are always guided as to where is accessible and where 
is not. After studies are carried out and risks calculated, areas that are safe for visitors as well 
as areas where touching or brushing against could perhaps be permitted (in case of replicas, 
for example) are identified. The visitors’ route is then defined by a group of people from 
different professions that work within Heritage Malta. Walkways, ropes as barriers, and signs 
are then designed and installed in order to formulate the route for everyone to follow. 
However, the method of installation on site is always a reversible one, meaning that anything, 
which is an addition to the original fabric of the site, can be removed without causing any 
damage, whenever required. 
     Another task that this agency has, is to calculate all possible risks in order to both conserve 
the monument and allow visitors to enjoy their experience as best as possible. A management 
framework that can be used for this task is the limits of acceptable change (LAC) model, 
which consists of identifying arbitrary measures of change that are considered tolerable on a 
site. The LAC framework is based on the assumption that change is always present and that 
any use by visitors leads to some change. This helps to identify which impacts and changes 
are acceptable, in order to manage the site and its visitors in a way that ensures that these 
limits are well kept. This makes it a flexible method, which allows for sustainable 
management by striving to maintain a balance between visitors and site needs. For this to be 
successful, however, ongoing monitoring is essential. Evaluation of management decisions 
and actions proposed are key elements in the success of site management that follows the 
LAC model [20]. 

4.1.2  Is physical accessibility a right in all cases? 
For the Grandmaster’s Palace, visitors are guided with signs and ropes in order to know their 
route. In areas where there is a risk of damage, a rope is used in order to keep visitors away 
from the area. In the staterooms of the Grandmaster’s Palace, for example, there are rooms 
that visitors are only allowed to see from the outside, because the risk to damage the historical 
fabric is deemed to be greater than the experience that visitors would have by entering the 
room. It was in fact concluded that by having visitors looking at the staterooms from the 
outside would still give them the same effect.  
     It is important that the experience of the visitors is one that helps them feel part of the 
heritage monument by also interacting with the space. Interpretation facilities that may 
include information panels, showcases with artefacts, hands on stations and 3D experiences 
are of an essence and must be done by experts in the field, always keeping in mind that 
everything has to be reversible and that no harm is caused to the monument. In fact, all sites 
that can be visited include a virtual experience in order to inform visitors better on the history 
of the site while giving them a more immersive experience [21]. 
     Sometimes, due to the nature of the site, it is very difficult to make it accessible for people 
with special needs unless major interventions are carried out. Such interventions are not 
always possible, particularly when the visitor centre is located within the monument. This 
makes the use of technology and virtual experiences of utmost importance as this may be the 
only access that these visitors get to the site. The use of 3D/virtual experiences are also 
essential in cases where access is difficult or limited due to lack of space. This is the case of 
the Ħal Saflieni Hypogeum and in 2017, a 20-minute audio–visual experience was introduced 
for visitors who do not manage to purchase tickets to enter the site since it is usually fully 
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booked two to three months in advance. Admittedly, this does not replace the full experience 
of the visitor if s/he had to go into the site itself. However, it does at least, give them an idea 
of what that experience would be. When compared to Qusayr Amra in Jordan, it can be 
clearly shown how advanced the Ħal Saflieni Hypogeum is in terms of accessibility, since as 
stated in the management plan in 2014 they are only aware of the fact that it lacks proper 
disabled-friendly accesses – no solution was yet proposed [7]. 

5  CONCLUSION 
Each site has its individuality and therefore requires an independent approach. Nonetheless, 
today the need to establish guidelines for planning accessibility to cultural heritage has 
increased. On one hand, this is related to the fact that our democratic society is increasingly 
recognising the diversity of human needs and respectively the opportunities of engaging with 
cultural heritage. On the other hand, the merging of new technical solutions in the information 
technology era provides countless alternatives for contemporary expression and 
interpretation. Therefore, Heritage Malta as the national agency for cultural heritage in Malta 
strives to preserve the sites for both present and future generations but at the same time 
empowers them to experience and enjoy their culture and makes sure that it delivers the needs 
of society [22]. 

ACKNOWLEDGEMENTS 
The author wishes to thank Perit David Zahra, Head of Projects of the Heritage Malta 
Agency, for his dedication in reading the paper and pointing out relevant references and case 
studies. Furthermore, Ms Maria Elena Zammit, Principal Curator of the Prehistoric Sites, is 
thanked for proof reading the paper. 

REFERENCES 
[1] Heritage Malta, Who we are. http://heritagemalta.org/about-us/who-we-are/. Accessed 

on: 6 Jun. 2019. 
[2] Heritage Malta, The Palace Armoury. http://heritagemalta.org/museums-sites/the-

palace-armoury/. Accessed on: 6 Jun. 2019. 
[3] Pace, A. et al., The Hal Saflieni Hypogeum (4000 BC–2000 AD), Midsea Books: Malta, 

2000. 
[4] Heritage Malta, Draft Management Plan for the Megalithic Temples of Malta, 2014. 
[5] UNESCO, Manual for activities directed at UCH, 2017. www.unesco.org/new/en/ 

culture/themes/underwater-cultural-heritage/unesco-manual-for-activities-directed-
at-underwater-cultural-heritage/unesco-manual/conservation-management/site-
management-plan/. 

[6] Dana, L.P., The Republic of Tajikistan. When Economies Change Paths, pp. 103–115, 
2010. 

[7] Palumbo, G. & Atzori, A., Qusayr ‘Amra Site Management Plan, pp. 30–38, 2014. 
[8] Pasargadae Management Plan, 2002. 
[9] Georgieva, D., The accessibility to cultural heritage as a key factor for sustainable 

development of territories, 2013. 
[10] Sormoen, O., Accessibility to Cultural Heritage, Nordic Perspectives, 2009. 
[11] Franchi, E., What is cultural heritage? www.khanacademy.org/humanities/art-history-

basics/beginners-art-history/a/what-is-cultural-heritage. Accessed on: 6 Jun. 2019. 
[12] Getty Conservation Institute LA, Assessing the Values of Cultural Heritage, Los 

Angeles. 

254  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



[13] Heritage Malta, Who we are. http://heritagemalta.org/about-us/who-we-are/. Accessed 
on: 6 Jun. 2019. 

[14] ICCROM, Introducing Young People to the Protection of Heritage Sites and Historic 
Cities: A Practical Guide for School, p. 68, 2006. 

[15] ICOMOS, Charter for the preservation of Quebec’s Heritage (Deschambault 
Declaration), 1982, 2011. www.icomos.org/en/support-us/179-articles-en-
francais/ressources/charters-and-standards/192-the-deschambault-charter. 

[16] ICOMOS, European Charter of the Architectural Heritage, 1975. 
[17] Ruskin, J., The Seven Lamps of Architecture, Dover Publications: New York, 1989. 
[18] Bostenaru Dan, M., The Cultural Value of the Built Heritage in the International 

Documents Dedicated to the Preservation of the Cultural Heritage, 2008. 
www.researchgate.net/profile/Maria_Bostenaru_Dan/publication/200038775_The_ 
Cultural_Value_of_the_Built_Heritage_in_the_International_Documents_Dedicated
_to_the_Preservation_of_the_Cultural_Heritage/links/0d50ae560eacbe9be2e9e867. 
pdf. 

[19] Cassar, J., Cefai, S., Grima, R. & Stroud, K., Sheltering Archaeological Sites in Malta: 
Lessons Learnt, 2018. 

[20] Heritage Malta, Ta’ Hagrat and Skorba: Ancient Monuments in a Modern World, 
2008. 

[21] NSW Heritage Office, Just Because it’s Old: Museums and Galleries in Heritage 
Buildings, 2004. 

[22] Georgieva, D., The Accessibility to Cultural Heritage as a Key Factor for Sustainable 
Development of Territories, 2013. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  255

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



This page intentionally left blank 



RENEGOTIATION OF METROPOLITAN HERITAGE IN 
CHINA: YIHE MANSIONS, NANJING 

SUXIN ZHANG1, GERHARDES JOHANNES BEUKES BRUYNS1,  
TIMOTHY JOSEPH JACHNA2 & YUANHONG MA3 

1School of Design, The Hong Kong Polytechnic University, Hong Kong 
2College of Design, Architecture, Art and Planning, University of Cincinnati, USA 

3School of Architecture, Harbin Institute of Technology, China 

ABSTRACT 
The Chinese economic reform and opening during the 1980s (改革開放) is not only credited for 
China’s modernisation – through accelerated urbanisation and its social and economic legislation – it 
is also acknowledged for the establishment of heritage legislation to protect Chinese cultural capital. In 
contrast, the consequences of these reforms are concomitantly blamed for the current imbalance 
between urban development and heritage protection that in the current reality favours economic growth 
over heritage policies. With heritage awareness on the rise, the recent government-led projects have 
spearheaded new directions, merging neoliberal planning and heritage protection in regeneration 
projects. This paper will discuss the Yihe Mansions project (頤和公館), Nanjing, a regeneration project 
earmarked as a residential area for senior officials in the Republic of China. As one of four cases of a 
research programme, the Yihe Mansions case will illustrate the application of a developmental model, 
exploring the intricate balance between economic development, protection and contemporary lifestyles 
in inner urban areas. This paper also deliberates a new dialogue between decision makers and end users 
under the public ownership of land, exploring how the government integrates the public’s wishes as 
part of state-driven real estate projects. Applying unobtrusive and obtrusive research methodologies, 
this paper is grounded in a more holistic understanding of the renegotiation of Chinese metropolitan 
areas between development and protection that aims to establish a dynamic and feasible model of 
heritage protection in Chinese urban settings.  
Keywords: Chinese metropolitan heritage areas, Yihe Mansions, the balance between urban 
development and heritage protection, the renegotiation between decision makers and end users. 

1  INTRODUCTION 
“China Booms”, a frequently mentioned phrase in the last years [1], expresses the explosive 
growth and unprecedented changes in China caused by the Chinese economic reform and 
opening (改革開放) since the 1980s. China’s transition from planned to market economy 
triggers a set of tipping transformation in society, namely marketisation, decentralisation, 
industrialisation, migration, and globalisation [2]. The subsequent consequences in China’s 
cities are a dizzying pace of urbanisation, aggressive urban sprawl and dramatic changes in 
urban life [2]. The World Bank released the statistic of China’s urbanisation level which 
increased from 19.4% in 1980 to 57.9% in 2017. The massive new urban immigrants from 
rural areas promote the local economy, but it is also stressful on demands of urban 
infrastructure, housing and workplace. Therefore, the land values in urban areas dramatically 
increased, especially in the centre of Chinese metropolises with an integrated infrastructure 
system of education and medical health. For example, the average prices of commercial 
housing in Nanjing increased from around $810/m2 in 2007 to 2800/m2 in 2016. 
     In the 1980s, the central government intensively established a modern system of heritage 
protection to rescue precious heritage that survived from the chaotic years of the Maoist 
period [3]. Specifically, the central government released the first heritage legislation and the 
first list of historic cities in 1982 [3]–[6]. These are seen as a symbol of the transformation 
of the government concentration on heritage protection from monuments and cultural relics 
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to heritage sites and areas [7], [8]. The quantity and quality of heritage conservation areas are 
one of the fundamental attributes in the Chinese city, to determine whether it is listed as a 
historic city. Generally, the majority of heritage conservation areas are located at the centre 
of Chinese cities due to urban settlement and development, like the imperial city of Beijing, 
Pingjiang Road of Suzhou and FAW Factory of Changchun. Therefore, the heritage 
protection of existing heritage conservation areas located in the centres of Chinese 
metropolises faces huge challenges from the temptation of soaring land values and demands 
of the modern lifestyle. In order to maximise benefits and meet the demands of modern 
lifestyle in a short time, the majority of the local government advocates that the regeneration 
projects of heritage conservation areas are either inhabitants’ relocation to create “theme 
parks” for the gentrification or reconstruction of historic urban landscape to create “fake 
antiques” for the tourism [7]. As a large number of Chinese metropolises are developing at 
an unprecedented rate, the conflict between heritage protection and urban development will 
still be faced in the future. 

2  ADAPTIVE MODEL IN CHINESE METROPOLITAN HERITAGE AREAS 
Placemaking, a trendy concept of urban design, tends to form relationships between people 
and between people and their places based on the multi-stakeholder collaboration [9], [10], 
ultimately improving the quality of physical conditions of the places and making a sense of 
place for the compact community [11], [12]. Placemaking is a potential concept to be used 
in the regeneration projects of heritage conservation areas, even though it is a key point on 
public space projects.  
     The first reason is that a heritage conservation area can be seen as a unique place. In terms 
of the definition, “place” is outlined by the physical and social boundaries to support human 
activities and experience[13]–[15], while the heritage conservation area delimited by the 
government reflects the special physical environment and the local cultural context  
[16]–[18]. Secondly, there is a high relevance between placemaking and heritage protection 
in principles and aims. Particularly, ICOMOS China [19] determined seven principles for the 
conservation of heritage site in China, namely (i) historic condition, (ii) authenticity, (ⅲ) 
integrity, (iv) minimal intervention, (v) cultural traditions, (ⅵ) appropriate technology and 
(ⅶ) disaster preparedness. 
     Heritage protection should be seen as a dynamic process to realise cultural significances 
and economic values of heritage [20] under the Chinese heritage legislation. Based on studies 
of international scholars and practitioners, the set of principles of placemaking can be 
summarised, namely (i) compact communities, (ii) ICON, (iii) potential for redevelopment, 
(iv) integration of housing and employment, (v) neighbourhoods, (vi) aesthetic appeal,  
(ⅶ) mixed classes of households, (ⅷ) walkability and public, (ix) transportation,  
(x) environmental resource, (xi) historic and cultural resource, (xii) identity, (xiii) sense of 
place, (xiv) public realm, (xv) implementation [21]–[25]. As illustrated in the relationship 
matrix of their principles (see Fig. 1), there are 111 options filled in “relationships” (a total 
of 154), which means heritage protection and placemaking are highly related to each other. 
Additionally, this matrix shows that the top three principles reflecting the high relevancy 
between placemaking and heritage protection fall under ICON, identity, historic and cultural 
resource in placemaking as well as a dynamic process, cultural and development significance 
in heritage protection, which means sustainable development and local characteristics are 
vital principles of two concepts. Moreover, the goals of heritage protection are not only to 
subject to the qualification of heritage as the premises, but also to show a series of outstanding 
universal values [26] and meet the demands of social-economic development [27], [28]. The 
criteria of Chinese heritage protection claim the following, namely authenticity, integrity, 
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identity, historical values, aesthetic values, social values, scientific values, cultural values 
and functional values [19]. In parallel, according to the specialists’ studies and practice, a set 
of criteria of placemaking can be built up including a sense of place, sense of neighbourhood, 
identity, public health/healthy living, aesthetic appeal, community, public space mixed-use 
and activities, economic opportunities, ecological diversity and nature, social capital/ 
government support, implementation [15], [23], [25], [29]. Showing in Fig. 2, there are 86 
options filled in “relationships” (a total of 120) and the positive correlation between criteria 
of placemaking and heritage protection occupies around 89.5% of all relationships. It means 
that placemaking and heritage protection, two different urban design concepts, reach 
consensus in their goals.  
 

 

Figure 1:    Matrix of relationships between heritage protection and placemaking in 
principles. (Source: Author.) 

 

Figure 2:    Matrix of relationships between heritage protection and placemaking in criteria. 
(Source: Author.) 
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     In conclusion, the heritage conservation area as a kind of place, can adopt placemaking to 
realise a coherent and dynamic development of the “loci”, ultimately reaching consensuses 
between development and protection as there is the high relevance between placemaking and 
heritage protection in the principles and aims. As certified by Project for Public Space [30] 
placemaking helps a heritage conservation area to restore its historically social function, to 
embody the creation by the community and to expand the impact of heritage protection 
projects. Additionally, under the public land ownership in China, the government and social 
support are vital to the regeneration of the heritage conservation area. In brief, placemaking, 
as a potential conceptual model can be applied to the regeneration model of a heritage 
conservation area to alleviate the conflict between urban development and  
heritage protection. 

3  APPLICATION OF THE MODEL: YIHE MASION BLOCK 

3.1  History of Yihe Mansions and its significance 

Nanjing is the capital of Jiangsu province and it served as the capital of the Republic of China, 
securing an important hub of education, economics, culture and politics in China. The central 
government in the Republic of China released “The City Plan of Nanking” in 1929 which is 
the first modern urban planning in China. This planning proposed Yihe Area to be 
transformed from nature park to a residential area that served senior bureaucrats and foreign 
ambassadors. In 1984, Yihe Area was listed as one of 12 heritage conservation areas in 
Nanjing. Due to the accelerated urban sprawl, the Yihe conservation area has been a central 
part of Nanjing, showing in Fig. 3. 
 

 

Figure 3:  The boundaries of Nanjing in different periods. (Source: Author.) 
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     Yihe heritage conservation area is the most well-preserved residential area with luxury 
houses of the Republic of China. This area not only reflects the fusion of Chinese and 
Western cultures during that special period by buildings and streetscapes, but also contains 
profound and significant historic values as it served for the senior officials of the Republic 
of China.  
     Yihe Mansions, called the 12th block of the Yihe conservation area, is located in the 
eastern portion of this heritage conservation area and is adjacent to a commercial and office 
cluster. The local government holds the majority of land ownership of this block [31]. In 
Yihe Mansions, the buildings were allowed to adopt different approaches for their protection 
and development according to conditions and significances of each building. Thus, Yihe 
Mansions as a pilot project was redeveloped in 2014 and then it was awarded the Honourable 
Mention of UNESCO Asia-Pacific Cultural Heritage Conservation. 

3.2  Urban regeneration project: Government-led redevelopment and protection project 

After the establishment of the People’s Republic of China, the residents were workers and 
officials instead of senior bureaucrats and foreign ambassadors. Due to the lack of routine 
maintenance, most buildings in Yihe Mansions failed to meet the demands of modern 
lifestyle and urban development. In order to improve the run-down housing and release the 
land values, the municipal government forced residents’ relocation and then appointed  
the Nanjing Urban Planning Bureau to implement the regeneration project of Yihe Mansions 
block in 2013 (see Fig. 4). Particularly, it proposed the refurbishment of historical elements 
including the landscapes and constructions for conservation of the historic environment of 
“Republic of China”; the adaptive reuse of 26 important houses transformed from the 
residential to a themes hotel; the appropriate construction of new buildings in harmony with 
the local historical environment to meet the needs of a theme hotel; and the optimisation of 
the local infrastructure and functions to improve the quality of this block [31]. From the 
above, the regeneration project of Yihe Mansions adopts 7 of 10 heritage protection 
principles and 9 of 14 placemaking principles (see Fig. 5). Additionally, this regeneration 
project was invested by the municipal government, designed by the local planning 
department and then has been managed by a state-owned enterprise. 
 

  

Figure 4:  The master plan of Yihe Mansions. (Source: Nanjing Urban Planning Bureau.) 
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Figure 5:  The principles matrix of Yihe Mansions Block. (Source: Author.) 

4  DISCUSSION OF THE APPLIED MODEL 
This study evaluates this adaptive model applied to the regeneration project of Yihe Mansions 
in terms of physical conditions and individual perception by archival research, observation 
and questionnaire, to discuss the balance between development, protection and contemporary 
lifestyle. The reason is that the values and qualification of heritage conservation area not only 
reflect in the visible environment such as streetscape and buildings but also reflect in the 
invisible attributes such as identity. 

4.1  Physical conditions 

In terms of urban morphology, it is instructive to note that the urban pattern of the Yihe 
heritage conservation area has been largely retained after the completion of the regeneration 
project of Yihe Mansions area, even though some fragmented buildings had been integrated 
to optimise the buildings’ space (see Fig. 6). According to the field observation, the harmony 
of both the Yihe Mansions and its surroundings reflecting in the landscape and buildings 
creates the unique ambience of the Republic of China. Meanwhile, the high-quality 
environment of this area provides a place to support social activities and daily exercise of the 
community. Specifically, many old peoples take care of their grandchildren to play with  
the other children at two sites in the Yihe Mansions, which are unselfconsciously shaped as 
two public spaces by the community’s activities. The elderly who do not need to take care of 
their grandchildren always either chat with others at these two sites or stroll through this  
area (see Fig. 7).  
     In terms of building typology, most historical buildings have been conserved and 
improved while new buildings have been in accord with the style of existing historical 
buildings. The existing historical buildings have been adaptively reused to transform their 
function from the residential to the commercial but have conserved the typology of the luxury 
houses as they are fundamental components and characteristics of the theme hotel. Moreover, 
the hotel provides six important celebrity homes for exhibition, showing the life of historic 
figures who had lived here. It not only provides public facilities for the neighbourhoods but 
also narrates the local culture and history. Therefore, in terms of physical conditions, this 
project not only improves the quality of environment. It also protects the historical buildings 
by infilling new functions, whilst bringing the economic returns to the government and offers 
new infrastructure to meet the needs of the contemporary life of the community. 
 

262  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 

Figure 6:  Figure ground of Yihe Heritage Conservation Area before and after the 
redevelopment. (Source: Author.) 

 

 

Figure 7:  Pedestrian movement and activities in Yihe Mansions. (Source: Author.) 
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4.2  End-users’ perception 

End-users, the community and tourists, can directly evaluate the development and protection 
of Yihe Mansions through their immediate experience. There are 32 respondents 
participating in this study through the questionnaire. After the data collection, frequency 
analysis and average index [32] were applied to discuss the balance between the development 
and protection of Yihe Mansions. 40.63% of the respondents were the local living in the Yihe 
Conservation area, and 46.15% of them lived in this area over ten years. It means that the 
redeveloped area still supports a stable and mature community. The first question on  
the questionnaire is to immediately evaluate the development of the protection of this 
redeveloped area. The results show that 96.88% and 93.75% of respondents respectively 
thought to be positive in the protection and the development of Yihe Mansions. Respondents 
ranked that historical, cultural and aesthetic values were the top three significances of this 
area based on their experience and feeling, respectively occupying 93.75% 81.26% and 
71.88% (see Fig. 8). This means that despite the function replacement and the resident 
relocation of this area, most respondents including the local community, believed that the 
main heritage values of the area have been conserved after the redevelopment.  
The respondents had been asked to evaluate the specific factors of the top three values of this 
area according to the individuals’ ranking. Among the 32 valid questionnaires, the specific 
factors of historical values, cultural values and aesthetic values were evaluated by 30, 24 and 
23 respondents respectively.  
 

 

Figure 8:  Evaluation of Protection and Development (up) and Ranking of Heritage. 
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     However, the final average index is calculated based on 32 respondents, resulting in the 
fact that many respondents gave positive comments on some specific factors, even with a low 
score. As illustrated in Table 1, most respondents agreed that this area as a human settlement 
demonstrated a representative pattern of urban development. They also believed that the 
associations of this area impacted an important period. Except for the disagreement on  
the intangible cultural heritage and cultural diversity of this area, respondents gave positive 
comments on the remaining factors. This is consistent with the fact that the main significance 
of this block is the residential area of senior officials who had been in a same social class 
with different political attitudes, thus there were not a compact community and cultural 
diversity formed in the Republic of China. Each respondent evaluated the heritage 
qualification including the authenticity and the integrity of this area currently. A commonly 
held view is that the authenticity and the integrity of this area have been positively inherited 
(See Table 2). In addition, it is obvious that the regeneration project of this block has 
improved the quality of buildings and environment and transformed the functions of this area, 
resulting in a number of economic returns to the government. As discussed previously, most 
end-users think that this area is an authentic heritage area with its fundamental values and 
integrity rather than a single commercial area. To sum up, this regeneration project is a 
government-led placemaking project, which not only improves the quality of the 
environment and revitalises its functions in terms of physical conditions, but also inherits 
main values and qualification of the heritage area creating a unique sense of place that  
end-users can perceive and reimage. 

Table 1:    Evaluation of specific factors of the top three values of Yihe Mansions by end-
users. (Source: Author.) 

Valuing Term Criteria 
Frequency Average 

index 
Level of 

agreement SA 
(5) 

A 
(4) 

N 
(3) 

D 
(2) 

SD 
(1) 

Don’t 
Know (0) 

Historical 
Values 
(30 of 32) 

Human 
Settlement 
in Nature  

11 15 2 1 0 1 3.84375 Agree 

Urban 
Pattern  16 9 2 2 0 1 3.9375 Agree 

Associations 14 14 1 0 0 1 4.03125 Agree 

Evolution of 
Groups  10 11 5 0 0 4 3.40625 Neutral 

Cultural 
Values and 
Identity  
(24 of 32) 

Intangible 
Cultural 
Heritage 

2 8 8 3 3 0 2.34375 Disagree 

Cultural 
Diversity  4 5 8 2 4 1 2.25 Disagree 

Identity  8 9 4 1 2 0 2.875 Neutral 

Political 
Ideology  5 11 4 0 1 3 2.5625 Neutral 

Aesthetic 
Values 
(23 of 32) 

Preference 12 8 3 0 0 0 3.15625 Neutral 

Elements 10 10 1 1 0 1 2.96875 Neutral 

Style  14 6 1 0 0 2 3.03125 Neutral 
SA: Strongly agree; A: Agree; N: Neutral; D: Disagree; SD: Strongly Disagree; Don’t Know: I don’t know. 
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Table 2:    Evaluation of authenticity and integrity of Yihe Mansions by end-users. (Source: 
Author.) 

Valuing 
Term Criteria 

Frequency 
Average 

index 
Level of 

agreement SA 
(5) 

A 
(4) 

N 
(3) 

D 
(2) 

SD 
(1) 

Don’t 
know 

(0) 

Authenticity 
(32 of 32) 

Credible 
Information 20 6 4 1 0 1 4.3125 Agree 

Authentic 
Values 6 11 7 4 2 2 3.28125 Neutral 

Integrity 
(32 of 32) 

Space 13 10 5 2 1 1 3.90625 Agree 

Time/Process 7 11 4 4 4 2 3.21875 Neutral 
SA: Strongly agree; A: Agree; N: Neutral; D: Disagree; SD: Strongly disagree; Don’t know: I don’t know. 

4.3  Dialogues between the government and the community 

In this case, the government acts as decision makers as well as project managers for the whole 
project. During the implementation of the regeneration project, the government released the 
zoning map to plan this area for residential, but this area eventually has been developed into 
a theme hotel due to the costly investment and the further management. Meanwhile, the 
government paid attention to the public agitation and found the lack of public facilities, thus 
proposing to reuse six celebrities’ houses for the exhibition, supporting the local history  
and culture.  
     After project completion, the state-owned real estate company operates and manages this 
block on behalf of the government. A five-star hotel always has a strict security and visitor 
system, but one of the entrances to the hotel is adjacent to its neighbourhoods and open to 
the community all year round. There is a semi-public space like a small square next to this 
entrance, thus many old peoples with their grandchildren make their outdoor and  
social activities at this square, enhancing the neighbourliness even friendship in the 
community. And some elderly always stroll through the hotel as this area is a walkable,  
pedestrian-friendly, and car-free area with a high-quality landscape. The questionnaire results 
show that the locals occupy nearly half of all respondents and 53.85% of the local respondents 
visit this area for their chatting or strolling every day. Another observation worthy of note is 
that the locals obey some hotel’s rules. For example, the outdoor tables and chairs are 
dedicated to hotel residents. 
     In short, there are positive dialogues between the government and the local community 
during the regeneration project. Particularly, the government proposed to provide the public 
facilities and improve the environment at the implementation phase, for saving the interests 
of the community and alleviate the resistance from them. After the project completion, the 
government adopts an open and friendly management model to the public, providing an area 
to meet the needs of the contemporary lifestyle and to support social activities of the 
community, ultimately forming a sense of belonging. 

5  CONCLUSION 
On the basis of the conflicts between China’s rapid urbanisation and heritage protection in 
the metropolitan heritage areas, this study attempts to potentially and adaptively apply 
placemaking to the regeneration project of Chinese metropolitan heritage areas, balancing 
between the development and protection. Due to the land ownership in China, government 
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support is inevitable even if placemaking advocates the community-led project. Yihe 
Mansions as an example, illustrates a government-led placemaking project which not only 
improves the physical conditions and revitalises the economy and functions of this area. And 
this conserves the important environment of the Republic of China and inherits the heritage 
values and qualification, ultimately attracting the public to understand the history and culture 
of this heritage area. The dialogue between the government and the community is an effective 
approach to bring the community voices to the fore and to guarantee the benefits of both 
stakeholders, with strong heritage values that uses placemaking concept to balance the 
development and protection to some extent, ultimately realising dynamic and  
sustainable development. 
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HISTORICAL HERITAGE AS A TOURIST RESOURCE:  
THE CASE OF THE PROVINCE OF CÁDIZ, SPAIN 

DIEGO MANUEL CALDERÓN PUERTA & MANUEL ARCILA GARRIDO 
University of Cádiz, Spain 

ABSTRACT 
This article has the purpose of analyzing the tourist situation of the historical heritage in the 
municipalities of the province of Cádiz, considering the need for this type of offer and the obligation to 
make changes in the management and planning of these resources. The objective of this study is  
to analyze the tourist use of heritage, its perception by society and the proposal for improvements. All 
the results presented are the product of a more extensive preliminary research on tourism in the province 
carried out at the University of Cádiz (Spain). The tourist functionality of historical assets has been 
studied through the use of different tools that combine the quantitative with the qualitative. At the 
provincial level, a total of 1,049 assets have been documented, representing an average of 23.84 assets 
per municipality. With the results obtained, a SWOT has been designed to facilitate the elaboration of 
proposals and conclusions, whose purpose is to redefine the planning and management of the goods, 
guaranteeing their sustainability and contribution to the diversification of the tourist offer. 
Keywords:  historical heritage, cultural tourism, tourism potential, historical heritage management. 

1  INTRODUCTION 
Historical heritage assets have played a prominent role in the tourism sector since the 
beginning of this economic sector. In this sense and by way of example, we can highlight  
the Grand Tour at the end of the 16th century or the proposals of Tomas Cook already  
in the 19th century, in which thanks to technical advances, new places are visited (Egypt, 
Greece, etc.). 
     The generalized development of these goods as a tourist resource takes place from the 
1960s. This process was favored by the need to diversify the tourist offer. In this way  
the heritage was integrated into the tourism sector, providing a new functionality that 
contributes to its enhancement and facilitates regional economic development. On the other 
hand, from the institutional point of view, international organizations such as UNWTO, 
UNESCO or ICOMOS among others published declarations that sought to consolidate 
cultural tourism as a new tourist modality [1]. 
     The purpose of this text is the analysis of the management of the historical heritage in the 
province of Cádiz from the tourist point of view, as well as the study of its potential and 
perception, so as to facilitate the collection of data that reflect its strengths, weaknesses  
and The proposal for improvements. The general hypothesis that arises is the need to  
make improvements in management, as a way of obtaining a more effective planning of  
these resources. 
     From the methodological point of view, quantitative and qualitative techniques have been 
used that offer an integral vision on the tourist use of the historical heritage. In the first place, 
there has been a brief exposition on the tourist management of the patrimony, later to carry 
out an analysis on the tourist functionality using web information. Secondly, a potential 
model has been used that allows us to know the possibilities of tourism development in the 
region and its spatial distribution. Third, a survey has been carried out at the provincial level 
on the degree of knowledge and perception of these resources. In the final considerations, a 
simple SWOT analysis has been used to improve the management and planning of historical 
heritage as tourist attractions. 
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2  TOURISM HERITAGE MANAGEMENT 
The integration of historical heritage within the tourism sector has enabled the conservation 
and diversification of uses of goods, while expanding the tourism offer, new tourist profiles 
appear and in general, has led to increased interest in culture as tourist experience [2]. 
     The tourist use of heritage requires proper planning and management that guarantees its 
sustainability. This follows from the statements of ICOMOS (1999) [3], UNESCO (2015) 
[4] and the Council of Europe (2018) [5]. 
     We understand tourism management of cultural resources to be “the application of 
specific knowledge for the conversion of cultural heritage assets into tourist resources” [6]. 
This knowledge comes from different disciplines such as economics, history etc. requiring 
actions that encourage the participation of public and private agents as well as citizens. The 
planning and management so that it has an integral character, not only must be included in 
the tourism plans, but also, must be contemplated in the territorial planning. Thus. for 
Troitiño it is necessary “a dynamic and inclusive vision that takes into account the social, 
cultural, economic, environmental and functional dimensions” [7]. In a synthesized way, 
cultural management requires: 

 Planning: they are the set of actions necessary for the establishment of objectives
and the design of lines of action. In recent times, many initiatives have insisted
that tourism planning is conditioned by the sustainability of this economic sector.
In this sense and by way of example, we can refer to the Horizon 2020 Spanish
Tourism Plan in which one “of its objectives was to improve the sustainability of
the Spanish tourism model, ensuring the quality of the natural environment and
applying the concept of sustainability to all tourist decisions” [8].

 Evaluation: it is the study of the potential of the area in which the tourist activity
will be developed. In this sense, the cultural heritage, tourist equipment,
accessibility, infrastructure, skilled labor, etc. must also be taken into account.

 Conservation and proposal of uses: Preserving the historical heritage and its
enhancement is the main function of its tourism management, as can be seen from
the declarations of ICOMOS in 1999 and UNESCO in 2005. Thus, the use
proposals must be tourist but also cultural (school programs, events, etc.), so that
the goods fulfill an economic and cultural function UNWTO 1993 [9].

     From this brief analysis we can conclude that tourism management of cultural heritage 
represents an opportunity to improve their social perception and also guarantee their 
participation in the economy by generating resources that allow their conservation. 

3  HISTORICAL HERITAGE IN THE PROVINCE OF CÁDIZ 
To carry out this analysis, a systematic search has been carried out through tourism web pages 
at the municipal and provincial levels, a qualitative and quantitative analysis reflected in a 
potential study and, finally, user surveys. 

3.1  Basic characteristics and tourist use 

A total of 1,049 goods [10] have been registered for the 44 municipalities, which means an 
average of 23.84 goods per municipality. The municipalities with the highest concentration 
are Jerez de la Frontera, Cádiz and Puerto de Santa María. On the contrary, those with less 
assets are Torre Alhaquime, Paterna de Rivera and Prado del Rey. 
     The predominant typology is the religious one (churches, hermitages, convents etc.) with 
something more than 40%, although the patrimony of civil and military type is also abundant. 
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     On the other hand, regarding the level of legal protection, according to Law 16/1985 of 
the Spanish Historical Heritage [11], the following are distinguished: 

 Spanish historical heritage: It is the minimum level of protection and integrates all 
assets of the state (Art. 1). 

 General Inventory of Real Estate: formed by goods that “have a remarkable 
historical, archaeological, scientific, artistic, technical or cultural value, and that 
have not been declared of cultural interest” (Art. 26). In the province of Cádiz, a 
total of 409 registered goods have been registered [12]. 

 Good of cultural interest: by their relevance they are declared by law or royal 
decree being inventoried in the general register of goods of cultural interest. From 
the consultation of this database, we have obtained 328 goods included [13]. 

     The distribution by municipalities of the goods present in the general register of goods of 
cultural interest has been mapped in Fig. 1. 
 

 

Figure 1:  Distribution of gods of cultural interest. (Source: author´s own research.) 

     The second of the parameters analyzed is the consideration of heritage assets as tourist 
resources. According to the UNWTO, tourism resources are “All those goods and services 
that, through the activity of man and the means he has, make tourism activity possible and 
satisfy the activities of the demand, and states that, a tourist resource constitutes the existence 
of a potential set (known or unknown) of material or intangible assets available to man and 
that can be used through a process of transformation that makes tourism activity possible and 
meets the needs of demand” [14]. In similar terms, organizations such as Sectur (2005) and 
SEGITTUR (2012) [15] have been pronounced. Therefore, we have considered as tourist 
resources all heritage assets that currently have some type of tourist activity. After a 
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systematic search through the tourism web pages at local, provincial and regional level, a 
total of 356 assets are recorded (Fig. 2), which represents 33.93% of the total assets 
documented in the province. 
 

 

Figure 2:  Historical goods with tourist use. (Source: author´s own research.) 

     This tourism promotion is carried out through three strategies: 

 Individualized promotion: they represent a total of 118 goods. 
 Free visit: those goods that due to their characteristics do not require opening hours 

(doors, urban walls, etc.) are included. We have accounted for 193 goods being 
54.21% of the total. 

 Routes and itineraries: we include in this category the goods that in addition to 
having an individualized promotion are part of some cultural route or itinerary. 
They form a total of 23.31% of the goods analyzed. 

     Another aspect that we have taken into account in this study is the entrance fee. Of those 
of whom we have data, 71% are free. Prices range between 10 euros from the Alcazar of 
Jerez and the Euro from the convent of the conceptionist nuns (Vejer de la Frontera), so the 
average cost ranges from 2 euros. 
     On the other hand, only 31% have morning and afternoon hours while 23% have exclusive 
morning hours. Likewise, only 46% do not have visiting hours. 
     The last of the aspects taken into consideration is the use of internet for the dissemination 
and information of these resources in tourists. Thus, of the 356 goods that have tourist use 
only 9% have their own website. On the other hand, only 19% of the municipalities have 
exclusive tourism websites, with 68% of the goods being integrated into municipal websites 
of a generalist nature. 
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3.2  Tourism potential 

Since the expansion of the 1960s, it has been necessary to carry out studies that allow us to 
know the tourism potential of an area, in order to promote tourism and know the strategies 
and measures necessary to consolidate and develop this economic sector. In this sense, a 
theoretical framework has been developed (Mieczkowski, 1967, Warzynska, 1974, Leno, 
1992, Cerezo and Galacho, 2011) that has incorporated methodological proposals, which 
have become more complex as these studies were developed [16]. 
     We can understand tourism potential as an exhaustive analysis of all those elements that 
influence tourism activity (climate, landscape, relief, communications, infrastructure, 
policies, material and intangible heritage, supply, demand, etc.). Analyzed together, they 
allow data to be obtained and conclusions about the tourist capacity of an area or region. 
     The concept of potentiality must be open and dynamic, since it must be able to propose a 
methodology that allows calculating the variables that affect the trends of a sector in  
constant transformation. 
     In this case study, we have applied the potential calculation model proposed by Cerezo 
Medina and Galacho in 2011 [17]. The reason for this choice is to obtain data that allow its 
introduction into a geographic information system (GIS) to obtain its spatial expression by 
municipalities. In this way, it is possible to detect those municipalities in which the 
relationship between tourist infrastructure and historical heritage is highest. 
     The calculated potential index is summarized in the following eqn: 

 IPTi = 0.50 * Fri + 0.30 * Fai + 0.20 * Fei. 

     Being Fri tourist resources, Fai accessibility and Fei tourist facilities of the municipalities 
The data have been obtained from the Andalusian Institute of Statistics [18]. From the 
application of the described methodology, the results presented in Fig. 3 have been obtained. 
 

 

Figure 3:  Tourist potential of the province of Cádiz. (Source: author´s own research.) 
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     From the map analysis it is clear that the municipalities with a low potentiality index are 
those that are located in inland and mountainous areas, which in many cases do not have a 
developed tourist structure (hotel supply and restoration) or are far from the communication 
routes (airport or train stations) and cities. On the other hand, municipalities with low and 
medium potentiality obtain better results due to their historical heritage but also, due to their 
proximity to coastal or tourist-developed areas. 
     Finally, the highest potential is obtained by the most populated municipalities in the 
province and which are also consolidated as a tourist destination. 

3.3  Analysis on perception 

In this section, some of the results of the surveys carried out in May 2019 are presented. 135 
tourist surveys were carried out in some tourist offices in the main cities of the province. 
62.96% are women and 37.04% are men. The ages of the respondents ranged from 21 to 79 
years. As regards the place of residence of the people participating in the study, the majority 
reside in the province of Cádiz, 29.62% come from other places in Spain and 12.15% from 
other European countries (mainly the United Kingdom and France). 
     Due to the limitations of the article, we will only develop the most interesting results, 
developing the data obtained in a next work. 
     The most significant fact is that 68.88% of respondents have chosen the province of Cádiz 
because of its climate and natural resources. Despite this first statement, 77.03% of the 
respondents had visited at least one historical real estate. 
     It is interesting to note that only 41.48% admitted having paid to visit some of the 
historical assets. On the other hand, we must emphasize that 26.66% responded affirmatively 
to the fact that the opening hours of some resources are insufficient. 
     Regarding the question about whether visitors would pay to visit historical assets, 60.74% 
answered affirmatively. However, more than half recognized that they would pay entry based 
on their typology or historical period. 
     Finally, there is an important perception between the cultural heritage-tourism 
relationship. Thus, for 82.86% of respondents, the main function of historical assets is  
tourist use. 

4  SWOT AND PROPOSALS 
With the preparation of this SWOT analysis it is intended to capture the conclusions obtained 
in this study and as a consequence of them, offer some proposals that can improve the 
planning and management of historical heritage as tourism resources. 
     The main strengths that are detected are: 

 High historical heritage number in the province. 
 Typological and thematic diversity of resources. 
 Existence of municipalities without assets valued. 
 The province has 1,106 million inhabitants who are potential visitors. 
 77.03% of respondents have visited historical assets. 
 57.77% of visitors are willing to pay admission. 
 62% of the goods are free. 
 Potential analysis reflects that many municipalities have high capacities to develop 

cultural tourism activities. 
 Existence of an important tourist infrastructure, especially in coastal areas  

or nearby. 
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     Weaknesses: 

 Existence of many heritage assets without any tourist use. 
 Opening hours are not adapted to visits. 
 The information in many cases is insufficient and difficult to access. 
 Rural and inland areas have little tourist infrastructure. 
 Lack of state investment due to public deficit compliance policies. 
 The largest volume of visits is concentrated in the large municipalities and  

the coast. 

     Opportunities: 

 At a distance of two isochronous hours by private vehicle are the provinces of 
Malaga and Seville with more than 3,581 million inhabitants. 

 The tourism sector is expanding as it shows that in 2018 more than 2,152,469 
visitors will spend the night in the Andalusian community [19]. 

 Existence of national and municipal tourism plans that have historical heritage as 
an economic resource. 

 Greater awareness of the historical heritage as a tourist resource and therefore, 
greater facilities to diversify the profile of the tourist. 

     Threats: 

 Loss of assets. 
 Specialization in sun and beach tourism. 
 Lack of widespread financing. 

     Based on the SWOT analysis, a series of proposals will be made that seek to improve the 
historical heritage’s tourism management so as to guarantee its survival and promote local 
and sustainable development. For all the above it is proposed: 

 Creation of a provincial-scale network that integrates all historical heritage as 
tourist resources, so that the attention of cultural tourists is captured. 

 The network must have a unique website with homogeneous, public and  
updated information. 

 Decrease dependence on public financing with greater participation of the  
private sector. 

 The enhancement or expansion of funds for the tourist use of historical heritage, 
must have plans that guarantee its sustainability. 

 Increase the participation of municipalities in regional and provincial tourism 
plans, improving collaboration between different administrations. 

5  CONCLUSIONS 
With this study some conclusions have been generated about the tourism model that currently 
represents historical heritage. In the short term, the management of these goods should be 
transformed so that they are better integrated into the tourist circuits (extension of schedules, 
integration into tourist routes and itineraries, improvement of their presence in the network, 
etc.). These changes would allow, in the medium or long term, to expand their influence on 
sustainable local development associated with other services (shops, hotels, etc.). 
     Citizen collaboration in this aspect is important since citizens must be made aware of  
the value of heritage as a way of preserving culture and as a tourist resource. Tourism 
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planning of many of the goods must be improved as seen in the analyzes offered. The  
tourist potential of the region does not translate in many cases into proper use as it is intuited 
from the results of monuments without tourist functionality or with little activity (reduced 
hours, lack of presence on the web etc.). On the other hand, it is evident that for the tourist 
promotion of heritage the expansion of the hotel offer is necessary, as well as the 
improvement of communications. 
     It is necessary the existence of coordinated measures that involve administration, private 
sector and citizens, in order to facilitate the enhancement of the historical heritage and the 
diversification of the tourist offer. The results obtained would reaffirm these conclusions. 
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EDUCATION FOR SAVING MATERIAL CULTURE:  
CHALLENGE OF PROMOTING HERITAGE  

EDUCATION IN A DEVELOPING ECONOMY 

OLABISI OLUMIDE 
Department of Architecture, University of Lagos, Nigeria 

ABSTRACT 
The concept of acknowledging and appreciating the value in items that reflect the past and the journey 
towards the present times are taken as a thing of pride and almost a national and natural philosophy in 
many parts of the western world. However the situation in developing countries such as Nigeria is so 
different that the conversations on methods and technology required to preserve heritage are far in 
advance of the basic issues here which border on the place of heritage in the scheme of things as 
promoted by governments and adopted by the people. This paper aims to discuss the issues that affect 
the promotion of the study of heritage issues from the perspective of university students. Methodology 
included focused interviews and questionnaires with the results suggesting a sustainable approach to an 
economically beneficial development of heritage consciousness. 
Keywords:  heritage conservation, place of heritage, university students, value, technology. 

1  INTRODUCTION 
The concept of conservation of the built heritage is a common and generally accepted practice 
in many western countries and parts of Asia. Their people and governments view the old 
architecture with a sense of pride and an acknowledgement of their ongoing collective 
journey. The situation in Nigeria which though it has made great strides in accepting western 
culture, language and orientation to some degree, is very different from that model. The very 
notions of preservation and conservation are not a common thought or even a conscious 
activity where old buildings are concerned. This was identified as an issue by students of 
architecture during several classes of a taught graduate course. It is important to study the 
reasons for this situation because the viability of our built heritage is at risk if future 
practitioners will have to operate in an environment that has contrasting values to heritage 
conservation and may not see the value in preserving it for posterity. 

2  HERITAGE CONSERVATION IN NIGERIA 
The ICOMOS 1964 Venice Charter explains that the concept of a historic monument also 
refers to the setting in which the architectural piece lies as well as the specific piece. There 
are several government agencies vested with responsibility to preserve this heritage, the 
major ones are listed in Table 1. 
     In Nigeria there exists a situation where emphasis and acknowledgement appears to be 
placed on cultural heritage alone to the detriment of built heritage. Daily media reports 
highlight activities related to cultural aspects. Thus dancing, singing and other forms of 
intangible heritage are celebrated through festivals and at social gatherings. The National 
Commission for Museums and Monuments is responsible for creating and maintaining lists 
of monuments nationwide. Zubairu et al. [1] notes that most of the listed buildings are of 
historical significance but buildings of architectural significance are conspicuously absent. 
The current list reflects even buildings which have been demolished. Further, Zubairu et al. 
[1] notes that the NCMM does not have a distinct classification system for listed buildings  
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Table 1:  Agencies with responsibility for heritage preservation. 

National Commission for Museums and Monuments Federal 
Lagos State Records and Archives Bureau State
Ministry of Information and Culture Federal, States 
Ministry of Tourism Federal, States 
Lagos State Council for Arts and Culture State
Centre for Black and African Arts and Civilization NGO
Nigerian Television Authority Federal 
National Library of Nigeria Federal 

 
or structures. This would therefore pose a challenge for study and research purposes as would 
suggestions from the public for new listings. 
     In addition the educational background on which the study of architecture at university is 
built does not require history as a prerequisite, resulting in only a small element of the study 
of local history within the curriculum. 

2.1  Government involvement 

There is an immense lack of concern from regulatory authorities that do not prioritise heritage 
preservation. Two examples are the 2017 demolition of the 110-year old timber framed 
residence of the last deputy District Officer at Oke-Oyinbo, Epe as shown in Fig. 1 to make 
way for the Lagos State Government’s extension to its Jubilee Chalets resort. The timber 
building was demolished even though it was not within the immediate project site. The  
 

 

Figure 1:    Epe Deputy District Officers’ lodge, demolished by government in January 
2017. (Source: University of Lagos architecture students.) 
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Welfare building built in 1924 within the railway compound, Lagos was demolished to pave 
way for an infrastructure upgrade. It is apparent that the concept of building preservation 
appears alien in Nigeria. This study attempts to answer the following pertinent questions: 
What is the place of heritage in Nigeria today and why is Nigeria’s built heritage not being 
saved? How can built heritage conservation be made a sustainable everyday concept? 

3  TECHNOLOGY AND TRAINING FOR HERITAGE EDUCATION 
It is a necessity to employ the most appropriate means to propagate the concept of heritage 
conservation. Education is necessary to create awareness but how best should this be carried 
out is still subject to divergent views. Eppich and Almagro Vidal [2] in their study of the 
output of training courses on technology for heritage conservation with a non-homogenous 
group of participants over a 10-year period justify their method stating that “technology and 
the knowledge of its correct use are extremely unevenly distributed across the world”.  
     I disagree with the use of technology in this instance. Before the use of technological 
means to train for conservation, there must first be the appreciation of and desire for material 
culture to mean something important and relevant to the people. The composition of Eppich 
and Almagro Vidal’s groups included Nigeria and other countries where the combination of 
rapid urbanization and government orientation towards development is not pro-conservation. 
I posit that mere application of technological methods can neither solve foundational issues 
borne out of a particular mindset nor catalyse the adoption of cultural orientation from other 
countries. Helmy [3] takes a different view and situates training for heritage within a 
structured academic process which, though aimed towards the study of architecture is based 
within an urban studies discipline framework. Using a mix of activities, skills and 
experiential methods to engender participation of faculty and students in heritage 
preservation projects which the researcher states “tends to promote inter-cultural dialogues 
through heritage appreciation”. The practice in my teaching aligns with Helmy [3] in terms 
of learning through practical exercises in adaptive reuse, field trips to survey iconic buildings 
together with critique of existing legislation also develops interest in the students but other 
lecturers are not involved.  
     In contrast to this is the position promoted by Chiu et al. [4] where peer-learning and self-
learning activities contributed to the development of interest and knowledge in cultural 
heritage conservation amongst students with no prior knowledge of the subject or need for it 
academically/in their courses of study. Immersion (albeit using 2D and 3D technology) 
therefore seems to be a common strategy that gives sustainable results. The capacity of the 
field trip component to develop knowledge of and sensitivity to cultural heritage was the 
outcome of research by Ocal [5] who recorded a significant difference of 4.2 in knowledge 
from post-field trip test scores compared to pre-field scores amongst teacher candidates. A 
strategy adopted by Mortara et al. [6] critiques the use of applications to learn heritage due 
to their inability to motivate users into an active state of learning to create their own 
knowledge. However the use of technology in the form of serious interactive audio–visual 
games is supported, as these games engage the user for long periods which will enhance 
learning.  

4  RESEARCH METHODOLOGY 
Various methods were employed to gather data on reasons for the state of heritage 
conservation. Focused interviews were conducted with an initial set of graduate students of 
architecture who were taking a course on building restoration at the time. The students 
generated opinions and split into groups to develop these arguments. An online survey was  
 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  283

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 
(a) 
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Figure 2:    Ilukwe House, Railway Compound. (a) Approach; and (b) Schematic 
restoration. (Source: University of Lagos architecture students.) 
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conducted with another set of respondents seven years later, who were either current or past 
students of the same building restoration course. The paperless online survey was selected 
for reasons of convenience and simplicity for the students so that it could be answered at their 
convenience. It was distributed using a social media sharing platform. The disadvantage of 
this was that it was difficult to ensure timely and full participation unlike if a paper survey 
had been manually distributed. This was a major upset and leads to questions on alternative 
methods to prevent this situation in the futures. 

5  RESULTS AND FINDINGS 
The initial set of 48 graduate students generated six factors which in their opinion affect 
heritage conservation in Nigeria today (Fig. 3). 
     Equal importance of 17% was attributed to local inheritance practices and polygamy; 
isolation of the extended family and the nouveau-riche culture of separation from ones 
cultural background; and the absence of internal cultural tourism. Our value system and its 
relationship with the necessity for restoration is of slightly more importance to 19% of the 
class, while 16% felt that the availability of buildings and the cost-benefit of restoration were 
of prime importance leaving 14% of the students ascribing lack of communication of the 
importance of heritage issues to their generation as the crucial factor. To fully understand the 
import of these self-determined factors, understanding of the particular cultural 
circumstances is essential. As regards local inheritance traditions, many cultures and ethnic 
groups maintain customs that relegate women of their rights and privileges (Fasoranti and 
Aruna [7]). The Igbo tribes of South-Eastern Nigeria in particular perpetrate inheritance 
norms where the property of a dead man is inherited by his siblings (Fasoranti and Aruna [7]) 
with the wife and children often disregarded or ejected from the premises. Women as a whole 
 

 

Figure 3:  Factors affecting built heritage conservation in Nigeria. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  285

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



do not generally have the same rights of property acquisition as men in a society of male 
domination, as customary practices appear to take precedence over what is equitable. 
Polygamy is practised as polygyny – one man and many wives – and the distrust which is 
usually bred in the fathers’ lifetime between resulting siblings who are often a generation 
apart precludes unity on decisions of what to do with property left behind. This is further 
compounded by a society where the culture of Wills and estate planning is not widely adopted 
– mere mention of such is taken by many (even educated) people as taboo and an urgent 
desire for death of the individual. Heritage conservation is not taken as important to the 
generation of students for whom only all that is shiny, steel and new is valued. The reasons 
for according value to conservation is not communicated to them in a manner that resonates 
with them. 
     The survey was responded to by 51 out of 182 students or 28.02%. Responses indicated 
that modern architecture 98% was studied more than any other subject area in history  
(Fig. 4). 
     Directly related to the type of history studied and therefore the influencer of their 
subsequent design orientation is the comment by 54% of students that features with 
contemporary features will attract a higher score than ones with features from traditional 
architecture. While acknowledging the importance of culture to the study of architecture, the 
results indicate differing opinions on factors that affect heritage preservation from the earlier 
group. 
     Major contributors with the capacity to influence the direction of heritage preservation are 
ranked in Fig. 5. Results show that if it views conservation as important, the government 
intervention alone could change orientation and practice in a sustainable manner (Fig. 6). 
 

 

Figure 4:  Architectural history areas studied by respondents. 
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Figure 5:  Comparative chart of factors which affect adoption of heritage conservation. 

 

Figure 6:   Who is to blame for the heritage conservation situation in Nigeria? Involved 
parties are ranked according to their level of influence on the current attitude and 
practice of heritage conservation. 
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     The ranks ascribed to the government and its agencies should be expected. In an 
environment where there are divergent responses to situations, the results are likely to be 
negative. In recent times iconic buildings have been lost (or will be) due to a combination of 
non-compensation and lack of maintenance for listed buildings as in the case of the Olaiya 
house, ignorance about the significance of the building which affected the Epe Deputy 
District Officers’ residence, unclear bureaucracy that permitted the decrepit state of the 
Ilukwe house, to name a few. 

6  RECOMMENDATIONS 
One objective of the study was to find out how heritage conservation can be made a 
sustainable concept, adoptable by all citizens who would see economic value and fulfilment 
in the process. The following are some recommendations to advance the historic building 
conservation and preservation around the country, using the energy of an informed youth and 
support from government in all its forms. 

1. Introduction of local history of people and places into educational curricula is essential. 
Many students are unaware that peoples of Nigeria had thriving kingdoms, economic 
and trade ties with many other nations. The study of history helps engender self-pride 
and appreciation for things made through artistry. Addressing the cultural peculiarities 
that debar conservation is best done through awareness campaigns that are sensitive to 
these cultures.  

2. Engaging communities and presenting the economic benefits derivable from built 
heritage conservation will also make a difference. People want to be recognised as 
having ownership of their culture. Direct acquisition by government fiat without 
dialogue with the traditional owners or custodians will not make for a sustainable 
relationship.  

3. Over the years, the most engaging feedback has been the result of field trips where 
experiential learning made a great impression. To create and sustain interest, projects 
that could be “live” are assigned as design briefs. Field trips encourage understanding 
of materials and appreciation of craftsmanship. Adaptive reuse briefs encourage the 
fusion of contemporary with iconic and are warmly welcomed by young minds that 
often feel retaining an old building on a site instantly limits design creativity due to the 
difference in style.  

     All participants must be fully involved to bring about the desired result of sustained 
heritage conservation awareness and practice in Nigeria. 
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ABSTRACT 
In our southern European environment, planning continues to be addressed with 19th-century zoning 
instruments and defined policies. The growing reaction to the impositions of this territorial policy in 
local areas proposes a strong bottom-up, non-urbanism of the strategic and the punctual, whose results 
are beginning to be insufficient due to their limited continuity and difficult coordination. The work in 
network and with articulated and inter-connectable projects, is revealed, however, as a tool of utility 
not yet sufficiently tested. To overcome the barrier between what we define as “planning” or 
macroterritorial policy and “ordination” at a micro level, tools such as Landscape Action Plans (LAP) 
are proposed. The LAP is structured as a document that, starting from the micro analysis of all facets 
of the landscape (not only of how it is perceived, but also of its identity generating dimension, and even 
of its socio-economic aspects), and listening to the demands of the citizens through social dialogue 
processes, raise a solution to shared problems in local or municipal areas. This solution must be defined 
not only formally, but applying the determinations emanated from the regional policy of Territorial 
Planning designed for larger areas. In the last six years, the design of LAP by our Constructed Heritage 
Research Group (GPAC) has yielded very interesting results in terms of coordinating municipal and 
regional policies, such as the Landscape Action Plans of Trapagaran (2016) and Ortuella (2018), among 
others. The planning of small, embraced landscapes, endowed with strong character, through Landscape 
Action Plans (LAP), could be an option to channel this desire for local planning into a network, which 
compensates or inspires a broader and more democratic territorial policy. 
Keywords:  landscape management tools, territorial policy, action plans, local planning network. 

1  INTRODUCTION 
The landscape concept is defined in the European Convention of 2000 as “any part of the 
territory as perceived by the population, whose character is the result of the action and 
interaction of natural and/or human factors” [1]. This definition exceeds the territory (object 
of planning) and landscape (object of protection) dichotomy. 
     Territorial planning involves the evaluation of decisions referring to a specific physical 
space before an action is initiated [2, p. 2]. For this reason, we usually refer to planning as a 
supramunicipal policy oriented towards the design of a territorial model for the future. 
     In territorial planning, the urban planner played the role of designer in interventions 
referring to urban morphology. This has been from the socially sustainable conservationism 
of the Garden City [3] to the extensive and dependent city of the Broadacre automobile, 
designed by Wright. 
     In the 1960s there was a reaction against planning [4]. Urbanism is relegated to proposals 
focused on the morphological [5, p. 312]. Geo-ecology [6, pp. 43–46] proposes the 
conception of the territory as a result of the dynamic human being vs. nature, against the 
traditional concept of geographical region. 
     In recent times, a specific landscape policy has been developed [7]. Often, however, these 
policies favour the protection of natural beauty against the urbanizing threat [8], taking up 
again what has been defended by North American conservationists since the mid-19th 
century [9, p. 560]. 
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     In this evolution, we have tried to relegate architects to a secondary and merely formal 
role in landscape design. In this sense, the architecture of the landscape is confused with the 
mere treatment of open spaces, with urban landscaping or with the design of gardens in the 
surroundings of cities. 
     However, the definition of the concept of landscape of the European Convention 
overcomes the separation between natural and urbanized landscape. If, up to now, urban 
planners were primarily concerned with formal design in the urban sphere, what task 
corresponds to them in landscape management, understood in a broader sense? 
     The integral management of the landscapes goes from identification to reflection on the 
impact of the proposals, going through the assessment, documentation and intervention. That 
is why it cannot be in the hands of a single discipline. But for the coordination of the teams 
in charge of each link of the process, the training in architecture is, in our opinion, adequate 
due to its transversal nature. This is so, as long as the scale at which this work develops 
involves the intervention in the management plans, not the mere definition of generic 
planning policies. 
     According to the European Charter of the Territory Planning of 1983, territorial planning 
constitutes “the spatial expression of the economic, social, cultural and ecological policy of 
the whole society” [10, p. 30]. Therefore, it involves the material concretion of the planning 
in the inhabited space (landscape) and of an encompassable scale. It would be a task carried 
out by governments agile in the management and close to the citizens, such as the municipal 
ones. 
     The planning of the territory, however, would imply the establishment of comprehensive 
policies for its integral management. It would be designed by public administrations, 
national, regional or local. 
     Planning aims to design processes; the ordering results in the realization of actions. 
     Planning and management are not neither opposed processes, nor independent. Their 
desirable integration constitutes, in fact, “the main means to achieve a balanced growth of 
the territory, through the adoption of corrective intervention policies” [11, p. 86]. 
     Urban planners can participate in planning teams that advise on the design of 
comprehensive territorial policies, although they do not have specific training to develop 
them on their own. But they must also lead the work groups in charge of the management of 
the landscapes and the design of the action plans that manage the materialization, at 
municipal level, of said policies. And this is a field in which, for lack of sufficient training or 
professional intrusion, they are doing away with their responsibilities.  

2  METHODOLOGY: CHARACTER, “SPECIAL ATTENTION LANDSCAPES”  
(SAL) AND LANDSCAPE ACTION PLANS 

As an object of planning and its policies, we define “territory” as the area over which a public 
administration exercises its governance. In a broader sense, it has come to be considered 
synonymous with “landscape” [12]. 
     The objectives of any territorial policy must be essentially two: to avoid the degradation 
of vulnerable spaces and to foresee a sustainable development of the entire territory in the 
medium term. 
     In our opinion, the most suitable normative instrument of territorial planning to avoid the 
degradation of a territory is the Landscape Catalogues. 
     These can be defined as “documents of a descriptive and prospective nature, covering the 
entire landscape” [13, p. 3] of each demarcation of the territory (defined by political criteria) 
governed by a public administration. The Landscape Catalogues would be designed, 
therefore, with the double objective of analyzing and protecting the landscapes of a territory. 
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     The analysis of all the landscapes contained in a territory is done through the classification 
of the entire field in Landscape Units (LUs). The potential of LUs, is to become “a basic 
territorial piece on which to base landscape policy” [14, p. 430]. The identification of these 
LUs would be the “result of the delimitation on a map of a portion of the territory with a 
similar morphology and soil cover and, therefore, the result of a combination of merely 
structural elements and the particular relationships (social, economic, cultural), which have 
been established between a territory and its inhabitants, and which form part of the identity 
of the people who live in it” [14, p. 432]. 
     In addition to containing the results of these corological–typological analyses, the 
Catalogues are also instruments that must define some landscapes that stand out for their 
differentiated character. 
     We can interpret the term “character” assuming the meaning of “signal or mark that is 
printed” [15], and proceed to order taxonomically all areas of the territory according to the 
“footprint” that society leaves on nature [16, pp. 104–106]. 
     But we prefer to remain with the definition of the dictionary that defines “character” as “a 
set of qualities or circumstances of a thing, a person or a community, which distinguishes 
them from the others by their way of being or acting” [15] This definition is more in line with 
the “character” name that the Countryside Commission used to distinguish the different 
character areas and proceed with their differentiation [17]. 
     From this point of view, our interest would not be so much to classify all areas of the 
territory, but to try to manage symbolic landscapes by their nature and strategically 
representative to build a country. We could call them “Special Attention Landscapes” (SAL), 
also “Areas of Special Scenic Interest” [15, p. 3], although they are not delimited areas, but 
open systems of interrelated elements. 
     The identification of these SALs should be a priority and should be undertaken for the 
entire territory governed by the public administration concerned. 
     These SALs must be defined in a different way to how the LUs are defined: not because 
of their homogeneity, but because of their systemic relations. 
     The scale of the SALs, normally not greater than the scale an administrative area 
equivalent to a municipality or commonwealth would encompass, brings them closer to the 
traditional area of management of the urban architect. 
     If the Government that designs the planning placed special emphasis on defining the 
relevant Strategic Action Plans (PAEs) in the territory’s policy, the determinations that affect 
these PAEs could materialize in specific plans, which could be defined as Action Plans on 
the Landscape (LAP). 
     These “Landscape Action Plans are the management tools that, based on the Landscape 
Catalogues and Landscape Determinations, specify the actions to be carried out within the 
framework of actions for the protection, management and planning of the landscape” and 
“they are configured as intervention instruments for landscape management and planning” 
[15, p. 4]. 
     The LAP is, therefore, a means for landscape management, executing the dictates of the 
planning policy, through concrete actions that can be carried out at the local/district level. 
     In this sense, the LAP must be a document based on the micro analysis of all the facets of 
the landscape. It must not only analyze how it is perceived, but also its identity-generating 
dimension, and even its socio-economic aspects. The LAP must propose a solution to 
everyday problems on the scale of the SAL. This solution must be defined not only formally, 
but applying in its scope the determinations emanated from the Catalogues and, therefore, 
the territorial policy designed for larger areas. 
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Figure 1:    An example of application of the LAP tool for the management of landscapes of 
a Commonwealth: the landscape scope exceeds the administrative scope of the 
municipalities involved (Viana, Los Arcos, Estella, Villatuerta). 

     This would be a desirable and effective way to bridge the barrier between what we have 
defined as “planning” or macro territorial policy and “ordination” at a micro level. 
     The ultimate purpose of the LAP should be incorporated into the General Urban Planning 
Plans of the municipality. The joint design of actions for a specific area, with a defined 
character, and in accordance with a territorial policy of a much larger scope, would require 
binding normative support. This tool should be managed by municipalities with resolution 
capacity, at street level. It would also have to be designed by experts in urban planning 
(understood in a broad sense, not only as urban design). 
     Then, why is not among the attributions of the urban architect the technical coordination 
of the interdisciplinary teams responsible for drafting these plans? And, given that the LAPs 
are executive instruments for modelling landscapes, are they not they also tools to define 
alternative and complementary policies for territorial planning? 

3  OBTAINED RESULTS: NEW APPROACHES TO URBANISM 
We detect in our environment a growing reaction to the impositions of territorial policy in 
local areas. Interventionist approaches based on zoning and land use are becoming obsolete, 
as opposed to a strong non-urbanism of the strategic and the punctual. The bottom-up 
development, in its day called endogenous or local [18], gains strength compared to the 
traditional model from above. 
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Figure 2:    Scheme of territorial planning and landscape planning tools in the regulations of 
the Autonomous Community of the Basque Country. 

     New approaches to urbanism (understood as the arrangement of not only urban 
landscapes) are based on social capital [19]. This is channelled through strategies of 
cooperation and citizen participation, in order to achieve innovation and competitiveness, 
which arise from a reinforcement of the social cohesion of the citizens involved [11, p. 81]. 
     Its coincidence in time with a generalized detachment of the citizens with respect to the 
traditional politics has set off with force the conscience of a neighbourhood empowerment. 
In alternative circles, usually of an urban nature, one is suspicious of the arrangement of the 
landscape, associating it to an imposition from the established power. 
     Faced with these dynamics, the planning continues to be approached with 19th-century 
zoning instruments, mainly concerned with the use of land and its real estate use (densities, 
alignments, typologies). That is why some authors argue that “when the artificial separation 
of functions (residential, industrial, commercial and leisure) of the modern city proves to be 
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obstructive, rather than permissive, when the government abandons its poorest citizens, the 
latter (the poorest citizens) has no choice but to reinvent itself by transgressing the 
regulations” [20]. 
     The management of this transgression requires, in order to avoid frustrations, the 
reduction of its actions to “micro urban practices that redirect the use of the spaces of the city 
in order to reverse the dynamics of certain urban environments” [21]. 
     These actions or happenings, uncontrollably visible and fresh, have been elevated to the 
category of urbanism because of their ability to attract the timely collaboration of large 
groups of citizens. Today, there is talk of a tactical urbanism, defined as “a deliberate 
approach in making a city, an offer of local ideas for local planning challenges with short-
term commitments and realistic expectations, proposing low-risk interventions with the 
possibility of high rewards” [22]. 
     However, if we do a necessary exercise of retrospection, the pretensions that this type of 
approach constitutes a solution to the disconnection of landscape management policies from 
the citizen’s reality are not met. 
     In the first place, because in its nature of spontaneous actions and assembly decisions 
implicit is an ephemeral, improvised character. These actions hardly leave their mark on 
planning policies, guided by real estate interests. Having no vocation for permanence, or 
reversion of more general processes, these actions do not constitute any threat to the 
landscape dynamics dictated by large interests. 
     Secondly, because its alternative nature deactivates the democratic representation of all 
the citizens involved in the landscapes on which it intervenes. In fact, the great powers can 
see in these punctual interventions a tolerable and underground way of escape through which 
to channel social discontent, while the great lines of action marked by socio-economic agents 
with non-transparent interests are consumed. 
     Third, because in its nature of popular reaction against the dictates of the established 
power implicit is a character that denies the plan or the project. The direct and unprocessed 
realization of assembly participation is sought more. The result is materialized in hasty 
interventions, not always technically well resolved, that make it speak, rather than a tactical 
urbanism, a precarious urbanism [23]. 
     However, we must not de-authorize the processes through which this transforming 
potential of our landscapes is channelled. Although they do not want to be subject to norms 
and to pretend to be options of raging topicality, their methodology responds to the actions 
already systematized in the “non-plan” trial [4]. Although they do not intend to be integrated 
into a systemic organization of the landscape, their aims have to do with the social structure 
and urban identity that arises in “death and life of the big cities” [24]. Although they do not 
recognize a willingness to build a global philosophy for landscape planning, their reflections 
take root in those that already arose fifty years ago around the public sphere of decision as 
an alternative to established power [25], [26]. 
     For all these reasons, perhaps the time has come to reflect on how this citizen energy is 
channelled. We must question whether it has to crystallize into a spontaneous intervention or 
coordinated actions, which take the form of a plan arising from the expectations and basic 
social desires; not from the administrative policies, but agreed with them. 
     Designing a structured plan of local scale coherent with others that are developed for a 
larger scope makes possible “the simultaneous and coordinated application in a network of a 
local development model to the whole of a region [and] allows obtaining synergies and 
economies of scale that increase its effectiveness, promoting a much larger number of local 
initiatives than if each local territory operated separately, which, in a general way, can be 
called a regional model of local development in a network” [11, p. 81]. 
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     This concerted strategy that synchronizes specific tactical interventions does not 
presuppose a design that is imposed. Rather it is an informed mediation work, inspired by the 
Advocacy Planning [27]. It consists in the fact that the ordination technician offers to advise 
a social group aware of the preservation and dynamization of their landscape, putting their 
knowledge at their disposal. Its mission is to channel the demands, contributions, needs and 
proposals that arise from the public sphere. In front of it, that of the “agency planner”, 
whether public or private, responds more to pre-established real estate or political interests. 
     In this role as interpreter and coordinator of the initiatives and demands arising from 
citizenship, without adulterating them in biased interpretations, the transversal training of 
architects can help. The urban architect presents an adequate technical profile, if one 
possesses the necessary social sensitivity and the specific tools. In fact, in our opinion, part 
of the future of architecture is in the change of focus on what its own object should be. It is 
no longer about focusing on the building or urban design. We must also dedicate ourselves 
to managing the landscape, as a galaxy of unfinished space constructions. 
     The presence of this mediator can solve the first of the previously identified problems for 
the usual actions of tactical urbanism: the one of its improvised, ephemeral and deletable 
character. But this technical elaboration always entails a certain systematization, 
classification and critical evaluation of the actions. 
     A perfectly adequate tool for this work of systematization of citizen initiatives and 
inclusion of local policies is, as we have indicated, that of the Landscape Action Plans 
(LAPs). If we are able to design the structure of these Plans in such a way that their results 
in different contexts at the municipal or joint-community level are convergent, we will 
promote the desirable network coordination of the management models. Therefore, we will 
enter the path of effective and lasting landscape management, managed in a bottom up way. 
     In fact, if we want to counteract the territorial policies of the big economic lobbies, “we 
have no choice but to go up in scale, recover politics, not only so that this new punk, 
emerging, participatory and transforming urbanism is an activity of the future, but not to 
commit the mistakes of the past, to make feasible what we have been preaching for half a 
century” [23]. 

4  CONCLUSIONS 
The architecture has been too much time absorbed in the generation of machines to live or 
work, which were implanted indiscriminately in different contexts. From the pilotis with 
which Le Corbusier separated its houses from the earth to the Andante City of Cook, passing 
through the cold corporate headquarters erected in the International Style of Mies, 
architecture, with some exceptions, has ignored the landscape. The architect has become 
obsessed with creating object-buildings; sometimes mimicked with the surrounding nature, 
under the influence of Wrightian organicism; too many times at the service of speculative 
economic interests. 
     Faced with the alienating landscape built in large real estate operations, politics has 
reacted late and with outdated methods. Protectionist proposals based on the freezing of areas 
of “natural or cultural interest” have been launched. The “intermediate territories” have been 
ordered by means of zoning, building densities and land uses [28, p. 200]. 
     Faced with this situation, citizens begin to react spontaneously as far as they can. Thus, 
they try to manage the interstices and small areas that real estate speculation has left 
abandoned for not very profitable. 
     The results of these micro-initiatives are beginning to be insufficient, due to their difficult 
continuity over time and the weakness of their coordination. In response, networking and 
articulated and interconnected projects are revealed as a useful tool not yet sufficiently tested. 
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     In this context, the planning of small, encompassable landscapes, endowed with strong 
character, through Landscape Action Plans (LAPs), could be an option to channel this desire 
for local networked planning. A coordination of these local dynamics would consequently 
lead to a more democratic territorial policy. 
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ABSTRACT 
We took the example of the Tainan Confucian Temple to explore preventive preservation of Taiwanese 
cultural assets within a hot and humid climate. We mainly used microclimate monitoring data and 
computational fluid dynamics simulation to analyze the overall environment and identify problem 
areas, which were shown by the results to be the Ritual Implement Storeroom and Musical Instrument 
Storeroom. The latter had the highest humidity due to a mango tree located at the rear with a canopy 
stretching 4–6 m across the roof, which blocked the sunlight during the day and prevented any reduction 
in humidity. This storeroom includes the original calligraphic wall panels and central beam of the 
Minglun Hall; therefore we propose measures to improve the current environment without modifying 
the building materials or structures. First, we suggest either changing the display items or shifting the 
exhibition area, and transplanting or pruning the mango tree. Second, dehumidification or ventilation 
equipment should be placed not only in the Musical Instrument Storeroom, but also in the Chung Sheng 
Shrine and Ta Cheng Palace at night during the hot season, and in the Ritual Appliance Storeroom in 
the day during the cold season, to improve environmental problems. 
Keywords: historic building, preventive conservation, CFD, natural ventilation, micro climate. 

1  INTRODUCTION 
Climate change has become a critical issue worldwide. In 1992, the “United Nations 
Framework Convention on Climate Change” began to pay attention to this issue. In 2015, the 
Paris Agreement further stated goals backed by law that require mitigating or coping with 
climate change. Climate change will enlarge existing risks and produce new risks to nature 
and humans. In response to abnormal climate conditions, countries have turned their attention 
to preventive preservation of cultural heritage and initiated a series of plans and actions. The 
Noah’s Ark Project, 2004–2007, of the Sixth Framework Program supported by the European 
Union, the Smart Monitoring of Historic Structures (2008–2010) of the Seventh Framework 
Program project, and the Climate for Culture (2009–2014) project all have the goal of 
preventing future climate and environmental change from affecting cultural heritage on both 
a macroscale and microscale. Similarly, the Tokyo National Research Institute for Cultural 
Properties has conducted numerous studies with the purpose of planning preventive 
preservation efforts, especially regarding outdoor cultural properties. They have adopted 
methods such as long-term monitoring or surveying, modelling experiments, and 
computational fluid dynamics (CFD) simulation analysis to analyze the relationship between 
preservation objects and the environment and to propose control strategies and improvement 
methods. Their research results have mainly yielded repair strategies. 
     Taiwan has a hot and humid climate, which is not ideal for preserving traditional 
buildings. As the climate changes, preservation tasks continue to become increasingly 
difficult, especially for historical buildings because they have been exposed to the external 
environment for long periods of time. If Taiwan does not act quickly, preservation and repair 
work will be even more costly than it is now. Compared with other countries that have taken 
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efficacious actions in recent years, Taiwan has only just begun to act in this area. Preventive 
preservation in Taiwan requires further research and implementation. Therefore, this study 
selected a critical cultural heritage of Taiwan, collected basic environmental data in its 
vicinity, and applied these data to verify the CFD model. The model was then used to simulate 
the current environment, highlight problem areas, and provide improvement suggestions that 
do not involve changing the building material or structure. 

2  STUDY AREA 
The Tainan Confucius Temple (TCT) is the first Confucian temple in Taiwan. Located in 
Tainan City in southern Taiwan, the TCT was constructed in 1665. At that time, it was the 
only school that Taiwanese children could attend, and thus it is also referred to as the first 
school in Taiwan. In 1684, the TCT was expanded to its current scale. Because the TCT is a 
critical cultural asset of Taiwan, the government has declared it a national heritage site. 
Because of its high cultural value, this study used it as an example on which to base a 
discussion concerning the preventive preservation of a cultural asset located in an urban 
environment among a dense cluster of contemporary buildings. The simulation area 
encompassed a circle with a radius of 500 m with the temple at the center, covering the TCT 
buildings, surrounding buildings, a plantation, and a water pool. 
     The primary spaces of the major construction of the TCT all have openings that face the 
courtyard. The openings are the primary vertical plane and are made of wood. The other three 
walls are all made of brick. Ta Cheng Hall, the East and West Wings, and Chongsheng Shrine 
have their doors and windows open all day long. The Ritual Implements Storeroom, Musical 
Instrument Storeroom, and Yi Cheng School have their doors and windows closed at 17:30 
each day. The Ritual Implements Storeroom and Musical Instrument Storeroom have small 
windows, and during the day, a double-panel door is kept open. Because of concern that the 
displays would be damaged by sunlight, the northern windows of the Musical Instrument 
Storeroom are kept closed all day. The inner side of the wall exhibits peeling paint. The floor 
is wet, generating efflorescence. In addition, the northwest side of the external wall of the 
Musical Instrument Storeroom leaks, and moss grows on the moist wall. A mango tree was 
planted here, covering a quarter of the roof of the Musical Instrument Storeroom. Regarding 
the external side of the northern wall, large areas of paint have peeled off, and moss and fungi 
prosper. Ta Cheng Hall has an elevated roof, and its doors and windows were open all day 
long. Yi Cheng School has two double-panel doors and one single-panel door open during 
the day. Chongsheng Shrine is an open space, so it is easily influenced by the external 
climate. Its floor is severely weathered and peeled. 

3  MATERIALS AND METHODS 

3.1  CFD model 

Because the TCT is located amidst urban architecture, the CFD model we constructed 
focused on block and scale. The depiction of the TCT itself included a detailed model of its 
indoor and outdoor spaces. Because the slope of the roof would affect the simulation results, 
it was portrayed in detail. The existing plantation was surveyed, and the survey documented 
the breed and height of the trees as well as the width of the crowns. The survey results were 
used in the CFD model to reconstruct the plantation and to simulate the influence of the 
plantation on the surrounding environment. 
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3.2  CFD simulation 

CFD has been developed into a powerful assessment tool that is especially useful for assisting 
with the design of architecture and cities [1]. CFD provides the designer with precise 
parameters with which to plan urban or residential areas to improve the windy and thermal 
environment in the city, around buildings, or indoors. The implementation of CFD also 
reduces the effect of new designed projects on the surrounding environment and decreases 
future energy use. General research using CFD has studied ventilation in a building or a city, 
pedestrian wind fields, contaminant diffusion, the urban heat island effect, and wind energy 
[2]–[5]. 
     This study used WindPerfect DX developed by E-Sim (Japan) for simulation. The 
governing equations were solved using LES. The simulation model was 1,000 km in diameter 
with the Confucius Temple at the center. The entire simulation area was 2,000 m × 2,000 m 
× 450 m in dimensions with the Confucius Temple as the focused area, whose coverage was 
350 m × 350 m. Because the street width was 3–6 m and the height of buildings in the 
Confucius Temple was 4–9 m, the grid dimensions of the focused area was 1.2 m × 1.2 m × 
1.2 m. The grid density decreased gradually from the focused area outward. The total number 
of grids was 9,580,889. According to the latest Wind Resistance Design Specifications and 
Commentary of Buildings published by the Construction and Planning Agency, Ministry of 
the Interior [6], this area is categorized as Locality A. The surface roughness is α = 0.32. 
Using this value, the vertical distribution of the average velocity at the section can be 
calculated using eqn (1) 

 , (1) 

where 
 V: wind speed (m/s) at height Z; 
 𝑍 : wind velocity at reference height (m/s); 
 Z: a certain height (m); 
 𝑉 : height of the meteorological station (m); 
 α: exponent value. 

3.3  CFD validation 

The on-site data collected on the hottest day during the hot season in 2017 (13 September) 
were used to verify the CFD model. The maximum error of wind velocity, temperature, and 
humidity was no more than 1 m/s, 0.2°C, and 6%, respectively. The aforementioned small 
gap between simulation values and observed values demonstrated that the CFD model had 
explanatory power. 

4  RESULTS AND DISCUSSION 
This study used the observed data to verify the CFD model, confirming that it was able to 
represent the on-site situation. Subsequently, the climate data from the past five years were 
used to simulate the thermal field, humidity field, and wind field of the TCT in the hot season 
and cold season as well as during the day and night, and the environmental problems affecting 
indoor and outdoor areas of the TCT were examined. 
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4.1  Daytime in the hot season 

During this period, the wind mainly comes from the west. The simulation results revealed 
that the wind field in the courtyard between the TCT and the semi-circular pond was optimal. 
Minglun Hall and Wen Chang Pavilion were densely surrounded by trees approximately  
6–7 m tall and with crowns 4–5 m wide. Although the crowns were trimmed, because the 
trees were planted densely together, this region exhibited a large area of wind shadow  
(Fig. 1). In the courtyard, the wind velocity at the east and west sides of the Ta Cheng Hall 
increased (Fig. 2), which subsequently influenced the wind velocity inside the East and West 
Wings, creating an average wind velocity of 0.2–0.5 m/s indoors. The indoor wind field of 
the East Wing was better than that of the West Wing. The Ritual Implements Storeroom and 
the Musical Instrument Storeroom had small windows, and thus the indoor wind velocity was 
lower, approximately 0.1 m/s or slower. 
 

 

Figure 1:  Wind field simulation of the outdoor space and the vicinity. 

 

Figure 2:  Indoor wind field simulation. 
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     The Musical Instrument Storeroom, as well as both ends of the front corridor of the 
Storehouse of Books and Records and Yi Cheng School, exhibited high humidity compared 
with other spaces (Fig. 3). The average relative humidity of the front corridor ends of Yi 
Cheng School and the Storehouse of Books and Records was 82.7% and 85.5–86.3%, 
respectively. The average humidity of the Musical Instrument Storeroom was approximately 
84.3–86.7%. These are problematic areas with poor ventilation. Because their relative 
humidity was over 70%, the humidity problem had to be addressed. We advise that the side 
doors at the end of the front corridor of the Storehouse of Books and Records and Yi Cheng 
School be opened regularly to facilitate ventilation, thereby reducing humidity. As for the 
Musical Instrument Storeroom, indoor ventilation facilities or dehumidifiers could be 
installed to actively dehumidify the space during the day in the hot season. 
 

 

Figure 3:  Indoor humidity field simulation. 

4.2  The night time in hot season 

During this period, the wind was mainly from the south. The outdoor relative humidity was 
over 80%, and the average temperature was approximately 28.9–29.2°C. The indoor 
simulation demonstrated that the indoor average temperature was approximately 29–30°C, 
and the indoor humidity of all regions was higher than 83% (Fig. 4). The humidity of the 
Musical Instrument Storeroom was the highest; its average relative humidity was 92.2–99%. 
We advise that a dehumidifier or ventilation equipment be installed in this place to mitigate 
the humidity problem at this time period during this season. 

4.3  The daytime in cool season 

The wind during this period mainly came from the north–northeast direction. The wind 
follows the street to the vicinity of the TCT, and the wind velocity increased. The wind 
velocity in the courtyard between the temple and the semi-circular pond was approximately 
0.6–1.0 m/s. However, within the TCT fence, the courtyard surrounded by Ta Cheng Hall 
and Ta Cheng Gate was influenced by buildings and a dense plantation, and many wind 
shadows were formed. The wind velocity there was between 0.2 and 0.5 m/s, which is not 
conducive to ventilation. 
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Figure 4:  Indoor humidity field simulation. 

 

Figure 5:    Ritual Implements Storeroom humidity distribution (marked by the red dashed 
line circle). 

     The indoor space simulation results indicated that except for spaces such as the Storehouse 
of Books and Records, which was closed all day long, at this time period during this season, 
the Ritual Implements Storeroom has the highest relative humidity (Fig. 5). Although the 
wind velocity at the east and west sides of Ta Cheng Hall increased, it only increased the 
indoor wind velocity of the East and West Wings to 0.3–0.5 m/s. The indoor wind velocity 
of the Ritual Implements Storeroom remained approximately 0.02–0.1 m/s. Because the 
indoor area has almost no wind, the Ritual Implements Storeroom should be dehumidified 
during that season or have increased ventilation to reduce humidity. 
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4.4  The night time in cool season 

The major wind direction was north–northeast. During the night time, the windows of the 
Ritual Implements Storeroom, Musical Instrument Storeroom, and Yi Cheng School were all 
shut, and only the windows at Ta Cheng Hall and the East and West Wing were open. Indoor 
spatial simulation results revealed that the humidity of the Musical Instrument Storeroom in 
the night time during the cool season was higher than that of other spaces, averaging 88–95% 
(Fig. 6). Additionally, its indoor temperature was approximately 20–23°C, which facilitates 
the formation of dew. We suggest that this place conduct night time dehumidification or open 
the doors and windows to maintain ventilation to reduce humidity. 
 

 

Figure 6:    Indoor humidity field simulation (Musical Instrument Storeroom is marked with 
the red dashed line circle). 

5  CONCLUSION 
Preventive preservation jobs often use microclimate research to discover environmental 
problems, thereby enabling the preventive preservation of objects from damage or 
deterioration. Therefore, this study used on-site data and simulation to discover 
environmental problems. Simulation results indicated that the Ritual Implements Storeroom 
and the Musical Instrument Storeroom were the areas with major problems and required 
indoor ventilation and dehumidifiers. Specifically, the indoor space of the Musical 
Instrument Storeroom has the highest average relative humidity. Also, the mango tree with a 
crown 4–6 m wide shaded the roof during the day, blocking the sun and hindering the 
reduction of humidity in the room. Because the exhibits of that area are the original sculptured 
internal wall and the middle beam of Minglun Hall, we suggest altering the exhibit content 
or transplanting or trimming the mango tree. In addition, during the evening of the hot season, 
the relative humidity of Ta Cheng Hall and Chongsheng Shrine were over 80%, for which 
we suggest proactive dehumidification. The ends of the front corridor of Yi Cheng School 
and the Storehouse of Books and Records had relative humidity over 80% during the day in 
the hot season, and we suggest that side doors be opened during that time to increase 
ventilation and reduce humidity. 
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ABSTRACT 
Urban regeneration and housing refurbishment policies have prioritised integral interventions in the last 
few decades by considering together energetic efficiency, accessibility and safety issues. However, the 
increasing complexity of this approach can lead to the weakening of other important aims such as 
heritage protection or addressing social vulnerability. Accordingly, the objective of the paper is to 
analyse the evolution of current refurbishment strategies and their effects on socio-economic inequality 
and built-heritage conservation in order to identify deficiencies and stablish criteria to address them 
and improve existing public refurbishment programmes. For that purpose, variables related to each 
issue (refurbishment public aid, heritage preservation and socio-economic vulnerability) have been 
defined and analysed using GIS, overlapping data related to different variables and studying the 
relations between them at different scales (urban, census section and building). The city of Donostia 
(Gipuzkoa, Spain) has been used as a case study, where areas have been clustered according to the 
connection between the three aspects so that specific strategies can be developed and implemented for 
each case. 
Keywords:  refurbishment policies, energy efficiency, heritage, socio-economical vulnerability 

1  INTRODUCTION 
Intervention at building scale through the rehabilitation of existing residential blocks has 
special relevance to the urban regeneration strategy. This has undergone a major 
transformation in the last decade and have taken on new challenges [1]: they have gone from 
being mere conservation interventions, to more complex approaches where the objective is 
to improve the building and adapt it to the current demands of habitability, safety, 
accessibility and/or energy efficiency. 
     This evolution of rehabilitation strategies has been mainly due to the high energy saving 
potential of the existing housing stock and the consequent possible reduction in CO2 
emissions from the construction sector [2]–[3]. This fact has been taken on board in the 
European Union (EU) and has been incorporated into the lines of public policy through 
several directives that oblige the member states to act in this sense [4]–[7].  
     As a result, policies to promote rehabilitation in Spain, as defined in regional or state 
housing plans, have prioritized so-called comprehensive actions, in which energy efficiency 
improvement is introduced as an essential requirement for access to subsidy programmes. 
These promotion measures have managed to increase to a certain extent the actions on the 
building envelope and, evidently, improve the efficiency of the buildings undergone such 
intervention [8]. However, this progress has been at the expense of other essential objectives 
such as the conservation of heritage or the mitigation of the social imbalance of cities. 
     With regard to heritage conservation, the difficulties arise because of conflicting interests 
involved in the intervention. Improving the energy efficiency of buildings is generally based 
on reducing the demand for heating and this is achieved largely by acting on the building 
envelope (adding the corresponding layer of thermal insulation or replacing carpentry or glass 
with more efficient ones). This can be done through two main types of intervention:  
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 Adding thermal insulation inside the façades: From the technical point of view, it is 
not the best solution and generates greater difficulties in management and 
inconvenience in the implementation, since it must be executed from inside. 

 Adding a layer of thermal insulation on the outside of the façade: Technically, it is 
the most suitable solution (it avoids thermal bridges and guarantees action on the 
entire envelope) but involves greater difficulty in maintaining the character and  
the heritage value of the building. 

     It is very common that buildings considered of heritage value have the envelope protected 
by law and, therefore, it is not possible to act on it. Current legislation includes this 
circumstance and exempts from the requirement of energy intervention any building that has 
some degree of protection, regardless of its protection category. Because of this condition, 
two controversial situations arise [9]:  

 Non-listed building, but with a certain representative value, that is refurbished 
energetically losing heritage value. 

 Listed building in which energy refurbishment requires technically more 
complicated and less efficient solutions, so energetical refurbishment is not  
finally performed. 

     The latter is excluded from public aid, as comprehensive refurbishment is not carried out. 
So, the key is in how best to balance energy-efficiency measures with the values attached to 
heritage buildings [10] and in determining intermediate requirement levels in order  
to incorporate these heritage buildings into policies to promote rehabilitation [11].  
     On the other hand, the strategies of public intervention in the consolidated city, in addition 
to pursuing the objective of being more environmentally sustainable, must seek the 
improvement of social integration through strategies that promote social equity through  
the prioritization of aid to the neediest areas or persons. However, the buildings that require 
more attention are generally inhabited by a population of scarce resources and with high rates 
of unemployment and social exclusion. These buildings are also concentrated in specific 
areas of the city, constituting neighborhoods or areas of urban vulnerability [12], where 
public administration should concentrate its efforts in the area of rehabilitation.  
     However, one of the problems that hinder comprehensive rehabilitation of buildings is 
that the intervention budget increases considerably and even though public aid tends to be 
greater, the cost to families increases. This circumstance makes it impossible for the most 
underprivileged population groups to pay their proportional share and makes it very difficult, 
even sometimes impossible, to renovate the building [13]. 
     Given the need of governments and public administrations to achieve concrete and 
ambitious objectives in terms of energy saving, the rehabilitation policy tends to be 
achievable; the one that can be materialized prevails over the case really most in need. This 
means that there is a tendency for comprehensive refurbishment to take place outside the 
most vulnerable neighbourhoods, even in cases where it is promoted with public money. 
     This change in the dynamics of public rehabilitation policy is relatively recent and not 
sufficiently studied. The objective of the work presented in this paper is to analyse the 
evolution of current refurbishment strategies and its effects on socio-economic inequality and 
built heritage conservation in order to identify deficiencies and stablish criteria to address 
them and improve existing public refurbishment programmes. 

310  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



     The first phase of a work in progress is presented, where after establishing the theoretical 
base a method and a spatial tool have been generated to carry out the analysis on a city scale, 
applying it to a specific case study. 

2  METHODOLOGY 
The research is based on an analysis of the theoretical and normative context of the three 
areas considered: refurbishment interventions and public aid received for this purpose, the 
value and conservation of built heritage and socio-economic vulnerability. Once the research 
processes have been established for each of them, a monographic Geographic Information 
System (GIS) has been generated through the free QGIS application where the  
information is superimposed and interrelations between the factors analysed in each field  
are studied. 
     In this first phase, work is carried out on the entire city, with data disaggregated at building 
scale, using cadastral information as a base (code, use, year of construction, number of 
dwellings per building and number of floors). The specific information of the three areas 
analysed has been introduced in their respective layers containing the following information:  

 Rehabilitation interventions in residential buildings: classified by year of processing 
of the file in the local administration and the type of rehabilitation carried out.  

 Public aid granted for rehabilitation: classified by the administration granting the 
aid, the year the aid was granted, the economic amount and the type of action 
subsidised (actions on the envelope, improvement of accessibility conditions, 
intervention in installations, rehabilitation of structural elements, etc.).  

 Heritage protection level: identification of buildings officially catalogued and 
protected by municipal, regional or national legislation, determining the elements 
subject to such protection and the level established for it.  

 Socio-economic vulnerability: although data at portal level are available to the local 
administration, they have not been accessible at this stage due to issues linked to the 
Data Protection Act. Therefore, the analysis has been carried out at census section 
level, and later transferred to building scale. For this calculation the following 
indicators have been used: rate of ageing of the population, level of feminisation of 
over-ageing, presence of immigrant population, population older than 10 years 
without training and first level training and average income level of families. 

     All the data have been entered into the GIS in order to verified whether the initial 
hypotheses of the research are corroborated or not. For that purpose, on the one hand, the 
study of the distribution dynamics of each of the areas has been carried out separately and, 
on the other, the link between these dynamics has been analysed. 

3  DATA AND STUDY CONTEXT 
The proposed methodology has been applied in city of Donostia, one of the three capitals of 
the Basque Country. It has 186,665 inhabitants, so it is a medium-sized city that allows the 
urban analysis to be carried out globally. 
     Moreover, the time and the spatial scope of the study have been limited taking into account 
the context and the information available for the case study. On the one hand, data from 2010 
onwards have been used, since the Municipal Ordinance of Energy Efficiency and 
Environmental Quality of Donostia is from the year 2009 and comprehensive refurbishments 
have been developed after that. On the other hand, the analysis has focused on the urban area, 
because that is where residential areas are mainly located (Fig. 1). 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  311

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 

Figure 1:  Construction data of buildings in the city of Donostia. 

     In this regard, a data collection and management have been carried out in order to assess 
the three variables. For that purpose, data from different sources have been used: 

 Refurbishments: 
o Interventions carried out within the framework of Municipal Ordinance  

of Energy Efficiency and Environmental Quality of the City Council of 
Donostia (2009) classified according to the type of element rehabilitated. 

o Public aid granted for refurbishment classified according to the type of 
refurbishment promoted: single interventions (RENOVE COM and 
RENOVE PART, 2011–2014), energy efficiency interventions  
(PAREER-CRECE, 2015 and REVIVE, 2012) and comprehensive 
interventions (RENOVE EE, 2013–2018) 

 Heritage protection level listed in the Special Plan for the Protection of Urban and 
Built Heritage of the City Council of Donostia (2014) classified according to the 
level of protection, being “a” the highest level (protection of the whole building) 
and “d” the lowest (protection of an element) 

 Socio-economic vulnerability: data at census section level from Eustat (Basque 
Statistics Institute) and INE (National Statistical Institute), developed by GISLAN 
and classified in 5 levels: very high, high, medium, low and no vulnerable. 

4  RESULTS 
The proposed methodology has enabled one to study the three variables on their own 
(location of refurbished buildings and money they have received from public aid, location of 
type of protection of heritage buildings and distribution of social vulnerability in the city) but 
also to define the relations between them (refurbishment public aids vs. heritage preservation 
or socio-economic vulnerability). 
     At a first glance, the spatial distribution of refurbishments developed within the Municipal 
Ordinance of Energy Efficiency and Environmental Quality of the City Council of Donostia 
(2009) is quite uniform. Moreover, most of the interventions focus on vertical or horizontal 
building envelopes, façades or roofs, but only few take action on both of them.  
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Interventions that have been subsidised are slightly more concentrated in the Gros district 
and the Old Part of the city. Nevertheless, the distribution of money can be different. The 
Old Part and Altza are the districts that received the highest amounts of public money per 
household. This is because they were declared Integral Rehabilitation Areas (IRA). 
     In general, 31.62% of dwellings have received some public aid for refurbishment purposes 
in Donostia (Fig. 2). It should be noted that 28.73% of the houses in Donostia were built after 
1980. The number of households receiving some rehabilitation assistance has grown over the 
years. However, aid for energy efficiency improvements (PAREER CRECE and RENOVE 
EE) refers only to the 1.68% of households that have received some aid. Anyhow, the 
amounts received per dwelling have been considerably higher than in other programs  
(2966 €/dwelling vs. 231 €/dwelling).  
 

 

Figure 2:    Refurbishment public aids in Donostia (the program REVIVE does not appear 
in the graph because no aid has been granted in Donostia within this program). 

4.1  Refurbishment public aids vs. heritage preservation  

Firstly, it should be noted that only few refurbishments are still integral. In Donostia, for 
example (Table 1), 73 dwellings distributed in 4 buildings have received some public aid 
related to integral refurbishments (RENOVE EE). Interventions related to energy efficiency 
that have been subsidised (PAREER CRECE and RENOVE EE) are also few in number, 631 
dwellings distributed in 29 buildings. In this context, there is only one protected heritage 
building (protection level d) in these two groups. Although these programmes are related to 
aids involving more money, they reach few citizens and a certain incompatibility with 
protected buildings is identified. In the other analysed public aids (RENOVE programme for 
communities and individuals), money was distributed among buildings of different heritage 
protection level, although the lower the protection level the lower the number of subsidised 
buildings. Accordingly, protected buildings have received only 3.48% of the money granted 
by the energy efficiency programmes, while in the case of the other programmes the 
percentage is 14.24. It should be also considered that the number of buildings with no heritage 
protection is high. Moreover, the majority of buildings that do not need any rehabilitation are 
located in the group of unprotected buildings, as heritage buildings tend to be historical in 
general. This is why there is a clear need for context-sensitive analysis. 
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Table 1:  Aid granted for rehabilitation according to the level of heritage protection. 

 Protection level 

a b c d - total 

PAREER 
CRECE 

€ 0 0 0 65093 1608670 1673763 
% 0 0 0 3.89 96.11 100 
dwelling (nº) 0 0 0 12 546 558 
building (nº) 0 0 0 1 24 25 

RENOVE 
EE 

€ 0 0 0 0 197720 197720 
% 0 0 0 0 100 100 
dwelling (nº) 0 0 0 0 73 73 
building (nº) 0 0 0 0 4 4 

RENOVE 
COM 

€ 1000 14000 92231 609555 4290940 5007726 
% 0.02 0.28 1.83 12.08 85.04 100 
dwelling (nº) 6 127 524 3048 13860 17565 
building (nº) 1 6 39 246 788 1080 

RENOVE 
PART 

€ 132 1318 43161 438732 2935190 3418533 
% 0.00 0.04 1.25 12.73 85.13 100 
dwelling (nº) 6 45 289 2392 16185 18917 
building (nº) 1 2 20 191 873 1087 

 

 

Figure 3:  Percentage of aid granted according to the heritage protection level. 

     In this regard, the percentage of subsidised dwellings has been determined taking into 
consideration the number of dwellings of each heritage protection level and the average 
money that has been received for refurbishment purposes in order to compare previous data 
relatively and in context. Accordingly, the main differences between the type of programme 
(integral refurbishment programmes or energy efficiency purpose programs and other 
refurbishment programmes) are easily distinguished (Fig. 3). 
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     The percentage of dwellings benefiting from the first type of aid is less than 1%, even in 
buildings without heritage protection. Meanwhile, the received quantity is higher for 
protected buildings (there is only one in Donostia). For the second type of aid, however, the 
percentage of benefited dwellings located in protected buildings is higher than the ones 
located in buildings without any protection in some of the protection levels (protection levels 
b and d), but the quantity of money rises when the protection level decreases  
or disappears (Fig. 4). 
 

 

Figure 4:  Average aid granted per building according heritage protection level. 

 

Figure 5:  Distribution of protected buildings rehabilitated with or without public aid. 
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     Finally, the relation between the heritage protection level of a building and the distribution 
of refurbishment public aid has been analysed in Fig. 5. The prevailing colour is red, which 
represents the protected buildings that have not received public aids for refurbishment 
purposes. Although there are several protected buildings that have received aids, mostly in 
the Old Part of the city because it was declared as Integral Rehabilitation Area (IRA), there 
is no concentration or clustering of them.  

4.2  Refurbishment public aids vs. socio-economic vulnerability 

Firstly, the areas with different levels of socio-economic vulnerability have been defined 
taking into consideration the presented variables and, then, their relation to different 
refurbishment public aid programmes has been studied. At a first glance, distribution of 
public aids is quite homogeneous in all vulnerable areas, although it necessary to say that 
public money has generally been earmarked for non-vulnerable areas (Fig. 6). At a second 
glance, however, there are considerable differences between the two type of refurbishment 
programmes in number of subsidised dwellings and the quantity of money distributed.  
 

 

Figure 6:  Distribution of interventions in socio-economic vulnerable areas. 

     Comprehensive or energy purpose refurbishment programmes (REVIVE, RENOVE EE 
and PAREER) have reached few vulnerable areas. Only 16% of the houses subsidised by the 
PAREER programme are located in areas with very high level of vulnerability, 19% if all 
vulnerable areas are considered. Meanwhile, RENOVE EE has been fully distributed among 
non-vulnerable areas. In this regard, medium and high level of vulnerability areas have not 
received any public aid (Fig. 7). Meanwhile, small refurbishment programmes (RENOVE 
programme for communities and individuals) have been distributed more equitably between 
the different vulnerability levels: 7%, 6%, 6% and 10% in low, medium, high and very high 
vulnerability areas (Table 2). However, most of the subsidised dwellings (71) are located 
again in non-vulnerable areas.  
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Figure 7:    Percentage of aid granted for rehabilitation according to the level of socio-
economical vulnerability. 

Table 2:    Aid granted for rehabilitation according to the level of  
socio-economic vulnerability. 

 
Socio-economic vulnerability level 

very 
high

high medium low - total 

PAREER 
CRECE 

€ 262543 0 0 47807 1333420 1643770 

% 15.97 0 0 2.91 81.12 100 

dwelling (nº) 81 0 0 10 467 558 

building (nº) 2 0 0 1 22 25 

RENOVE 
EE 

€ 0 0 0 0 197720 197720 

% 0 0 0 0 100 100 

dwelling (nº) 0 0 0 0 73 73 

building (nº) 0 0 0 0 4 4 

RENOVE 
COM 

€ 302470 331553 239241 344930 3794360 5012554 

% 6.03 6.61 4.77 6.88 75.70 100 

dwelling (nº) 1489 690 735 903 13784 17601 

building (nº) 54 45 49 59 879 1086 

RENOVE 
PART 

€ 502997 171287 241057 285697 2224910 3425948 

% 14.68 5.00 7.04 8.34 64.94 100 

dwelling (nº) 1895 708 879 922 14531 18935 

building (nº) 61 47 57 59 867 1091 
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     As in the previous case, the percentage of subsidised dwellings has been determined 
taking into consideration the number of dwellings at each vulnerability level and the average 
money that have received in each level in order to compare previous data relatively and in 
context. Accordingly, the highest percentage of subsidised dwellings corresponds to very 
high vulnerability areas (Fig. 7). For comprehensive and energy purpose refurbishment 
programmes 1.32% of dwellings have some aid, more than in non-vulnerable areas. It should 
be noted that this percentage (55.2%) is noticeably higher in the small refurbishment 
programmes. The dynamics vary if the amount of the aid (€ per dwelling) is considered. On 
the one hand, low level vulnerability areas are the ones that show the highest values in integral 
refurbishment programmes (4781 €/dwelling instead of the average 2918 €/dwelling, Fig. 8). 
On the other hand, although differences are smaller in the second type of programmes, all 
vulnerability levels present values that are higher than the one that corresponds to  
non-vulnerable areas. 
 

 

Figure 8:  Average aid granted per building according to vulnerability level of the area. 

5  CONCLUSIONS 
The results obtained show the clear disassociation between the three areas studied and the 
possibility of deepening the distributive dynamics of the public rehabilitation policy in order 
to achieve a balance between the energy, socio-economic and heritage protection objectives 
dependent on it. 
     For that purpose, research developed by GIS tools is the key. It is based on automatization 
of data processing. However, previous steps are necessary, such as data collection or 
compatibility between data, which can be sometimes laborious. In this case, data related to 
heritage protection variable or vulnerability variable were suitable for their use in GIS and 
only small changes have to be made. In contrast, information related to refurbishment 
programmes had to be entered manually after making data from different sources 
comparable. The initial step of the proposed methodology, hence, refers to the selection of 
the different data sources and the compatibility for the analysis in question.  
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     Notwithstanding the difficulties, QGIS has been useful for management of data and the 
analysis of relations between variables in the case of the city of Donostia. Accordingly, 
energy efficiency refurbishments over the last eight years have been studied considering 
allocation and distribution of public aids. In this regard, distribution of aid is quite uniform 
at city scale and differences between districts or between the city centre and peripheries are 
not detected. 
     Nevertheless, the study of the quantity of money of aid given shows that areas declared 
as IRA have received more money. The two IRAs are characterised by very high  
socio-economic vulnerability level, so one of the initial hypotheses has not been confirmed 
in this first phase of the research: areas with high vulnerability level have received a high 
percentage of aid. Work of greater depth and at neighbourhood level is needed to really 
appreciate how these performances have been distributed and draw reliable conclusions 
regarding the connection between aid and socio-economic vulnerability. 
     Regarding the relations between the refurbishment purpose public aid and heritage 
protection level of the building, the second hypothesis is partially confirmed. For the case of 
the small refurbishment programmes, although subsidised dwelling percentages in heritage 
protection levels b and d are higher than the ones without any protection, the average quantity 
of money received for protected buildings (any protection level) is lower than for buildings 
without any protection. In this regard, in-depth investigation on the issue is necessary in order 
to identify the relations between the different protection levels and the refurbishment aid, or 
variations that can occur at district level. 
     Finally, in addition to further developing the proposed method, applying it to other cities 
will broaden the analysis and will determine which are the local dynamics and which are the 
general ones. 

ACKNOWLEDGEMENT 
This research work is part of the Project “Controversias de la política de rehabilitación 
integral con la conservación del patrimonio y la vulnerabilidad social-económica”, which is 
being developed thanks to a call for research and dissemination activities at the Higher 
Technical School of Architecture of San Sebastian (2018). 

REFERENCES 
[1] Del Val, J.R., Rehabilitación urbana en España (1989–2010). Barreras actuales y 

sugerencias para su eliminación. Informes de la Construcción, 63, pp. 5–20, 2011. 
[2] Đukanović, L., Radivojević, A. & Rajčić, A., Potentials and limitations for energy 

refurbishment of multi-family residential buildings built in Belgrade before the World 
War One. Energy and Buildings, 115, pp. 112–120, 2016. 

[3] Nejat, P., Jomehzadeh, F., Taheri, M.M., Gohari, M. & Majid, M.Z.A., A global review 
of energy consumption, CO2 emissions and policy in the residential sector (with an 
overview of the top ten CO2 emitting countries). Renewable and Sustainable Energy 
Reviews, 43, pp. 843–862, 2015. 

[4] Directive 2002/91/EC, European Parliament and of the Council of 16 December 2002 
on the energy performance of buildings, 2002. 

[5] Directive 2010/31/EU, European Parliament and of the Council of 19 May 2010 on 
the energy performance of buildings, 2010. 

[6] Directive 2012/27/EU, European Parliament and of the Council of 25 October 2012 on 
energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing 
Directives 2004/8/EC and 2006/32/EC, 2012.  

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  319

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



[7] Directive (EU) 2018/844, European Parliament and of the Council of 30 May 2018 
amending Directive 2010/31/EU on the energy performance of buildings and Directive 
2012/27/EU on energy efficiency, 2018.  

[8] Cuchí A. & Sweatman P., A National Perspective on Spain’s Building Sector. A 
Roadmap for a New Housing Sector, GBCe and Fundación CONAMA, 2011. 

[9] Santamaria, E.J.U., Igiñiz, L.E. & Superior, D.D.A.E.T., La intervención energética 
en el patrimonio edificado: un problema no resuelto. PH: Boletín del Instituto Andaluz 
del Patrimonio Histórico, 23(88), pp. 260–262, 2015. 

[10] Smith, O., Balancing heritage and environmental policies for sustainable 
refurbishment of historic buildings: The case of New Court, Trinity College, 
Cambridge. The Historic Environment: Policy & Practice, 5(2), pp. 116–131, 2014. 

[11] Uranga Santamaría, E.J., La Intervención Energética en el Patrimonio Edificado 
Residencial, Análisis del Barrio de Gros de Donostia: San Sebastián, 2017. 

[12] Cassiers, T. & Kesteloot, C., Socio-spatial inequalities and social cohesion in 
European cities. Urban Studies, 49(9), pp. 1909–1924, 2012. 

[13] Grijalba, O., La regeneración urbana en la CAPV. Divergencias entre el discurso y la 
realidad. Doctoral dissertation, Universidad del País Vasco-Euskal Herriko 
Unibertsitatea, 2017. 

320  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press
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CULTURAL TOURISM IN HERITAGE SITES 
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ABSTRACT 
The accelerating competition among cities brought on by globalization has resulted in a significant 
concern to harness cultural assets heritage recovery as a form of placemaking to establish relative 
competitive advantage and consequently attract more visitors and cultural tourism. It is evident that the 
physical heritage assets and cultural expressions play a substantial part in establishing a sense of place. 
Other factors related to the needs of tourists and visitors affect the degree of attractiveness and foster 
greater attachment to the place. In that sense, developing such heritage sites requires a comprehensive 
approach that considers various aspects in both tangible “physical” and intangible “unphysical” factors 
related to those spaces in which it creates authenticity and sense of place. This research attempts to 
explore the notion of placemaking as an approach for developing and conserving heritage sites, hence, 
promoting successful cultural tourism that balances the development between people and place. The 
research will consider using a qualitative approach, supported by statistical analysis through conducting 
a structured questionnaire for experts in the field in order to verify and weighing the importance of 
proposed qualities that contribute to building the suggested model. The research will result in 
demonstrating the proposed model of placemaking that is specialized for heritage sites, which it aims 
to achieve prosperous cultural tourism. 
Keywords:  heritage sites, context conservation, urban historic landscape, placemaking, cultural 
tourism, tangible, intangible, placemaking model. 

1  INTRODUCTION 
The significance of heritage and cultural sites has been enlightened by the public than times 
before, especially through the transformation of notions in planning policies which many 
countries are going through [1]. Therefore, understanding urban heritage conservation and 
development approaches are essential, by considering the embedded dimensions forming 
heritage whether its tangible or intangible which it holds values, emotions and stories [2], 
[3]. This was acknowledged and considered by recent approaches concerning heritage 
development where they called “historic urban landscape” which is an approach that reflects 
a holistic image into urban conservation including the entire urban context [4]. This research 
aims to investigate the subject deeply and try to configure an adapted approach that considers 
the three main factors which are people, place, and tourism, where this approach aims to 
achieve successful cultural tourism in order to benefit the country which is the main goal 
after all. Placemaking is an approach which focuses on the relationship between man and the 
place as the recent approaches of heritage recommends. Not only this but also it focuses on 
the values concerned about places to strength the soulful aspect and authenticity [5]. 
     Since this subject is explicitly always aligned with heritage and cultural tourism, one must 
consider this while development to make it successful, humane, and pleasant for people to 
experience and avoid damages that could occur to heritage [6]. This research will investigate 
the notion of placemaking in theory and practice, its development through years. In addition 
to its application on real projects, where later the research will try to identify the relationship 
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between the primary factors and adapted to the model by developing a tailored approach 
resulting from this research. 

2  CHANGING PARADIGMS FOR INTERVENING IN  
URBAN HERITAGE PLACES 

Today, urban heritage sites need attention and development as any other urban areas. It is 
essential to have an identified vision with a clear purpose and direction that forms a 
comprehensive place-making. According to division, there is a low chance for urban places 
to succeed without a comprehensive development that allows it to grow and sustain [7]. 
Where such places especially sensitive areas such as heritage and cultural places, require a 
clear vision to deal with it to maintain protection and preservation of existed assets and 
qualities and identify maximum and future potentials. Therefore, understanding a holistic 
framework and process that integrates all aspects that contribute to shaping the place is highly 
demanded to ensure its success. The placemaking approach was initiated by several pioneers 
such as Jacob and William Whyte, where they promoted humans as the center of 
development. This made this theory unique as it combines the essential factors which current 
urban life needs. Developing cultural and heritage places and promoting tourism need high 
consideration of factors that could keep those place thriving and lively, therefore 
placemaking where ideal to be considered. However, the approach remained generic through 
its development for years in both theory and practice. The research contributes new 
perspective on dealing with urban heritage sites by building on the placemaking approach 
which counts for the connection between people and the place. The goal is to allow for 
enhanced experiences with tangible and intangible forms of heritage and support relations 
with physical, social, and economic settings of the place.  

3  THE KEY ATTRIBUTES OF PLACEMAKING FOR  
TOURISM IN HERITAGE SITES 

If urban heritage sites are to attract people for different purposes, their public realm should 
be planned and designed in a manner that fosters its sense of place and identity. 
Consequently, turning into a place where people like to stay, work, and visit. The public 
realm including the quality of streets, plazas, open spaces…, etc. Is playing a significant role 
in the determination of the competitiveness of the place among others. Heritage sites are not 
only acknowledged by the quality of its composite physical elements, but also by other 
attributes related to human values, social activities, intangible factors, and people 
satisfaction. Thus, the determination of various attributes that make the place and identify its 
quality is essential to determine the correct interventions and actions that lead to the 
prosperous future of heritage sites. 

3.1  Access and linkage attribute 

Access and linkage attribute is concerned about the movement network from and into the 
places which study the overview layout and intersection of public streets, roads, and paths. 
Where it examines the interrelation system of streets that integrates pedestrian and bike lanes, 
public transport, and other vehicle facilities. It aims to provide reachable destinations for 
people to access places and activities easily. Additionally, to provide spaces for services such 
as infrastructure utilities and parking spaces. Ensuring the movement network functionality 
by designing to be legible, convenient, and safe and services for users can achieve excellent 
walking and movement activity. 
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     Its importance lies in providing equitable access to places, facilities, and public transport, 
also, its effect on people’s mobility and safety. This results from well-studied connections to 
places and linkages to different modes of transportation. Streets play an essential role in 
developing the public realm, where it considers part of public spaces that support social 
interaction and places for cultural expression [8]. The following are the main aspects that 
concern access and linkage domain. 
 

 Continuity  Readable  Walkable
 Proximity  Convenient
 Connected  Accessible

3.2  Comfort and image attribute 

The comfort and image attribute is concerned with the aspects that contribute to the visual 
preferences and human needs and satisfaction. It plays a vital role in connecting the man with 
the place and its liveability. These aspects are translated through both tangible and intangible 
characteristics that interrelate with each other. According to Svirplys [9], the image of the 
place is formed from a set of attributes that feature in and out. The image is defined as an 
impression of a specific place translated through a mix of induvial, socio-cultural, and 
physical aspects of a place, which gives it spatial and non-spatial form, for example, sense of 
place. On the other hand, comfort which is emanated from the physical setting of the place. 
In which it refers to the human experience and feeling within a place where it reflects an 
engaging, informative and formative journey. These aspects could be listed as follows: 
 

 Safe  Clean  Sittable
 Visually pleasant  Historic  Local identity 
 The sense of place  Satisfactory  Enjoyable
 Thermal comfort 

3.3  Uses and activity attribute [10], [11] 

 Active  Fun  Vital
 Unique  Useful  Indigenous
 Celebratory  Sustainable  Experienced 

3.4  Sociability attribute [11] 

 Divers  Stewardship  Cooperative 
 Pride  Interactive  Welcoming
 Celebratory  Sustainable  Experienced 

3.5  Context and conservation attribute 

By adapting the place making model for urban heritage sites, there must be aspects that are 
concerned with such sensitive urban sites. Therefore, the researcher suggested this domain 
added to the framework of placemaking in which is concerned with the urban context and 
conservation. Urban heritage sites have a valuable urban context different than any others 
where it holds plenty of stories, history, and meanings. The urban context consists of the 
cultural, social-economic moreover, visual, and physical setting. A successful relationship 
between those components with contexts could result not only in well-functioned places but 
also in a more significant visual appearance. This would contribute to forming more of a 
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meaningful experience, hence, achieving a sense of place. According to Planning Policy 
Division, it is described by understanding place [7]. It is essential to understand the site and 
its context to form any proposal [13]: 
 

 Contextually integrated  Preserved  Maintained
 Protected  Valuable  Aesthetically appealing  

3.6  Site interpretation 

There are some unique features considered to be important in heritage and cultural contexts 
since they hold various stories and valuable history for a place to tell. Through design and 
flourishment, we communicate heritage. As described by scholars in the literature that 
through proper interpretation, the history of a place and its people can come along also to 
engage residents and tourists alike. Interpretative tools must be clear, specific, and well-
studied to achieve the right message for people. The aim is to increase people’s interest in 
the place and ignite their imagination to encourage them to interact with the places. Hence, a 
good reputation can be achieved. Creativity in promoting, storytelling and activities of the 
place is essential rather than traditional ones [12]. 
 

 Site interpretation  Human-oriented  Authentic
 Soulful  Memorable  Informative

 

     According to previous definitions, it is clear that each aspect can be measured through 
multiple indicators, where, in many cases, the indicators have an impact on many aspects 
from different domains. This shows the need for a comprehensive framework model that can 
demonstrate the relationships between the various qualities and their indicators.  

4  PLACEMAKING PROPOSED MODEL FOR HERITAGE SITES 
This research aims to build an integral placemaking model for heritage sites in which it 
encompasses holistic aspects that is concerned with these sensitive places, essential urban 
design components, and creative aspects which support cultural tourism. In that sense, 
proposed indicators have also been taken into consideration to assess the achievement level 
within the design process and outcomes. Additionally, the proposed model also aims to be 
used by practitioners in the field. Decision-makers is a bulleted list. 

4.1  Objectives of the model 

The proposed placemaking model in heritage sites aims to create a practical tool to be used 
by professionals, in different levels:  

 To provide the right guidance for urban planners and urban designers, while the design 
process by considering the critical aspects. 

 To define a holistic criterion for evaluating proposed projects. 
 To provide clear guidance for decision-makers to take actions according to priority and 

importance. 

4.2  Methodology and process of building the model 

Building an adapted model for that specific type of places requires a full understanding of 
placemaking approach to identify the intersection among them in which it contributes to the 
original vision. Therefore, the researchers have developed a generic taxonomy of 
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placemaking approaches to configure that initial base of forming the model referring to its 
aim and objectives. A hybrid approach of strategic and creative placemaking was considered 
while developing the new model, where strategy is concerned with developing an entire area 
focusing on the economic growth aspect and people satisfaction while creative is an activity-
based approach which involved with cultural and social vibrancy among a place. On the other 
hand, the generic placemaking for successful public realm model which is more related to 
the strategic approach but on a broader perspective and more of human-oriented. Together, 
one can establish a definite foundation that covers a holistic border of understanding 
placemaking. 
     Although the proposed classification has identified more than five strategies based on 
defined taxonomy, there is a count of alternative approaches to generate an adaptive 
placemaking model strategy. This integration could lead to an effective practical approach to 
developing a customized one which can perform adequately in a place. Considering the 
characteristic of each relevant approach; a potential hybrid strategy has been defined. Where 
embedded factors like activities, arts, and creativity can be integrated with other approaches. 
This base helped the researchers to identify and select the foundation of structuring the model 
to bridge between theory and practice. The researchers adapted the recent developed generic 
placemaking model for the prosperous public realm. It is concerned of humanized places 
considering tangible and intangible aspects within the place as well as it holds holistic 
characteristics for developing an urban area oriented for people, which is a crucial factor the 
researchers aimed to consider in building the adapted model of placemaking in heritage sites 
in order to ensure a quality developed places not only cultural (Fig. 1). 
 

 

Figure 1:  The generic placemaking model developed by PPS [14]. 
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     The placemaking model, introduced by Project for Public Spaces Inc. [14], encompasses 
generic key attributes that should be fulfilled to achieve a prosperous urban place regardless 
of the variation that could occur from a place to another. In that sense, one should understand 
the type of urban area that wanted to be developed in order to identify the aspects that fit well 
in every particular area. In this research, the four significant domains, including their aspects, 
will be adapted and explored, representing the aim of achieving successful heritage site 
development for cultural tourism. Consequently, this requires another layer of modifications 
by adding particular domains and aspects that are concerned with heritage sites, which are 
the subject of this research, along with the aspects that support creativity and cultural tourism 
activities, which refers to thoughtful approaches mentioned earlier. Along with that, the 
attempt model will also propose additional indicators which impacts the achievement of those 
aspects in several dimensions. 

4.3  Model adaptation 

Following the modifications, we found that some of the listed aspects are irrelevant. 
Concerning heritage and cultural sites require specific qualities that contribute to preserve, 
protect, and conserve heritage assets value by all means physically and unphysically. 
Therefore, the researchers added two main domains (attributes) to the original one extracted 
from the study of heritage conservation modern approaches and cultural tourism, where they 
are significant factors contribute to assessing the developments in the assigned context. These 
domains are named as context and conservation which is concerned with the physical setting 
of the heritage that consists of preserved, protected, valuable, aesthetics and urban context 
integration. While the other is named site interpretation as it refers to the full range of 
potential activities intended to raise public awareness and strengthen understanding of the 
complexities of the heritage sites [15]. In addition to that, some aspects were replaced the 
avoided ones in comfort and image domain by adding, enjoyable, satisfactory, local identity, 
sense of place and thermal comfort. Also, in the activities domain, the aspect (experienced) 
has been added contributing to the significant activities within the context and the touristic 
movements. Fig. 2 showcases an initial phase of forming the model, where it shows the added 
two domains along with the original four domains as well as the added aspects under each 
domain (attribute). 
 

 

Figure 2:  The proposed model [16]. 
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4.4  Model structure 

Referring to the previous discussion, we can configure the new formulated model after 
adjusting the original one, where the new domains are revealed. Although the demonstrated 
diagram shows the attributes and their aspects clearly, there is a critical issue that should be 
addressed where the configuration of the wheel model does not represent the intersected 
relationships among the indicators and aspects of the Placemaking model. It is represented 
as layers and sectors which make it inflexible for analysis. However, defining the aspects and 
understating them deeply; it shows that measuring the success of those aspects can be 
indicated through several indicators that contribute to the main aspects [16]. By considering 
this, the researchers developed a new morphology for the model structure to demonstrate the 
maximum interaction among the proposed qualities by representing it into a matrix form to 
be able to intersect and highlight common features and relationships within different levels. 

4.4.1   Components hierarchy description 
The key attributes or domains refer to the border strategy dimension of the project 
development that should be addressed. Each one consists of several aspects or principles 
which they encompass both tangible and intangible qualities concerned to make the place 
livable, soulful, and authentic. While this tends to look theoretical, bridging it to practice 
requires measured indicators to assess aspects’ achievability within a place. Consequently, 
including this level is beneficial to the model’s credibility in order to indicate the success 
level when implementing aspects. These components contribute to building the desired 
model proposed by the researchers (Fig. 3). 

 

Figure 3:    The proposed placemaking model structural diagram that illustrates the 
intersection between aspects and indicators [16]. 
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Table 1:   The adapted model formulated into the new model structure (matrix). (Source: 
Authors.) 

 
 
     The proposed model tried to compensate for the shortages in which the previous attempts 
did not and exhibit the relationship between the new and original aspects as well as indicators. 
The new model is developed as a classified matrix (Fig. 3). The matrix format does help to 
represent the intersections and relationships among the horizontal and vertical axis. This will 
give an in-depth analysis of the aspects and their indicators in order to use them during the 
design and planning process. In the new structure; the key domains will be the horizontal 
header axis of the table representing the higher umbrella, while the aspects are subdivisions 
of them referring to the strong relationship between them; considering the highlighted new 
added domains/aspects later to differentiate between them (Table 1). On the other side, the 
vertical axis represents the indicators or measurements required to assess the aspects through 
them. Additionally, it does reveal the newly added indicators by the researchers. To end with 
the body part, which represents the interactive space (the intersection or impact of aspects 
with several indicators) which represented in the intersected circles within the middle space. 

4.4.2  Implementing the new structure on the developed proposal  
The adaptation of the original model on the new structure has remarkably revealed the 
interaction between indicators and aspects where it was not clear before (Table 1). The 
highlighted red aspects refer to the replaced aspects, as described earlier. Upon that, the 
researchers implemented the new proposal on the new structure representing the new aspects 
and domains, which are highlighted by light yellow, also, to new indicators represented in 
light green. 
     While the middle body of the matrix exhibits the impact between each aspect and a related 
indicator based on the in-depth understanding of the aspects and key attributes were discussed 
earlier; the research could predict the interrelationship among various measurements and 
aspects, therefore, it is filled accordingly. In that sense, it is essential to verify the new 
qualities and its validity and impact concerning urban heritage sites and cultural tourism. To 
validate the model credibility and practicality along with its aim and objectives; another 
critical step is to identify the importance of each aspect under each domain to configure the 
essential qualities that should be implemented in heritage and cultural place primarily than 
any other.  
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5  MODEL VERIFICATION AND WEIGHING 
The verification of the adapted model is required to ensure applicability and credibility. This 
action to be also followed by weighing the importance of aspects between one and another. 
A designed questionnaire, as a practical tool, was chosen to be addressed for experts in 
relevant fields, including urban planners, city planners, urban designers, architects, 
transportation and planning, heritage specialist, and tourism officials. The questionnaire 
aimed to investigate the practical aspects, which contribute to making the public realm of a 
heritage site where interactions, meaning, experience, and relations are placed on 
strengthening the connection between people and urban heritage places they share.  

5.1  Questionnaire objectives and process 

The questionnaire aimed to test and develop the proposed model defining the effective 
aspects and prioritizing the importance among them. In order to verify the added aspects 
concerned with heritage contexts, moreover, to identify the importance level of each aspect 
from an expertise point of view. The questionnaire was designed as in scaling importance 
style for each aspect on a scale from 1 to 5 scale bar where five represents the highest and 
one the lowest, respectively (Fig. 4(a)). It consisted of six main categories according to the 
key domains of the designed model. The participants also had the option to suggest another 
aspects where they think it is essential to be considered in developing the heritage sites. 

5.2  Discussion and findings 

The questionnaire has received feedback from 40 participants from various specialties in the 
field. The concluded results show the majority is leaning toward the importance rate 4 and 5, 
while the minor aspects have a scale with low rate importance 1 to 2, leaving scale 3 is the 
middle score where it was selected in a reasonable average. Since that, the average mean 
results for each aspect under each category will be calculated to come up with the average 
rate, representing the differences rates among them. This process will help to classify the 
 

(a)

(b)

Figure 4:    (a) The weighing method (high, medium, and low) classification; and (b) The 
updated scale bar for evaluating the average results for aspects [16]. 
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importance rate for each domain group or exclude some when it is needed. Since all resulted 
average are scored 3 out of 5, which means there was none such aspect was out of importance 
by participant’s feedback leaving 3 is the minimum for each aspect, as such prioritizing these 
aspects we need to create a new range of scale 3–5 to assess the importance of each aspect 
related to all of the other aspects (Fig. 4(b)). 
     The following part will demonstrate the questionnaire findings categorized according to 
six sections which represent the key domains (attributes) of the model. 

5.2.1  Access and linkage attribute 
The resulted scores for access and linkage domain shows that for the site to be connected and 
walkable has scored as the highest priority to be implemented in heritage sites development. 
However, the accessible aspect has been scored by 4.45, which signifies its high importance 
as well. While the differences are quite remarkable in between medium to low priority where 
the medium scored for the aspects (readable, convenient and continuity) are scored between 
the range 4.18 to 4.225 which are all quite close to each other compared to the aspect 
(proximity) which scored 3.6; considered to be the lowest priority (Fig. 5(a)). While the other 
bar chart diagram represents the average results compared between the aspects shaded per 
importance; reflecting the key legend, which was described earlier (Fig. 5(b)). 
 

(a) 

(b) 

Figure 5:    (a) Access and linkage domain; and (b) Average values of access and linkage 
domain [16]. 
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5.2.2  Comfort and image attribute 
For the domain comfort and image, the results are quite different from the previous domain. 
The majority of aspects have ranged as medium importance from 4.33 to 4.17 which are 
proximate to each other, while the aspect (safe) is signified as the highest importance among 
them all, it has scored (4.8); this indicates the importance to achieve safety and security for 
visitors and tourist at the first place while developing heritage sites and bringing people to 
the place. On the other side, the aspects which contribute to achieving visitors’ comfort 
(sittable and thermal comfort) have scored as the lowest among them was 3.6–3.7. This 
indicates that these dimensions come right after achieving the essential aspects that represent 
the heritage sites as it should be like achieving clean, historical, local identity, enjoyment, 
visually attractive elements, and sense of place (Fig. 6(a)). On the other hand, the bar chart 
does represent the average rate results for the aspects concerning each other (Fig. 6(b)). 

5.2.3  Uses and activity attribute 
Uses and activities domain in general exhibits the lowest resulted priority, among others. 
Where the received scores have varied between only medium to low, referring to the key 
introduced scale. While it represents that (sustainable and experienced) aspects were the 
 

(a) 

(b)

Figure 6:    (a) Comfort and image domain; and (b) Average values of comfort and image 
domain [16]. 
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highest medium scored. The aspect unique tends to be medium importance as well as it 
isscored 3.97 whereas the lowest category (useful, indigenous, celebratory and vital) are 
prioritized from high to low, respectively (Fig. 7(a)), while the bar chart demonstrates the 
average rate amongst them (Fig. 7(b)). 

5.2.4  Sociability attribute 
We can identify the most significant aspect among this domain, which is (welcoming); this 
indicates that people first judge the place entering planning strategy and design and how 
welcoming it is, which contributes to the level of their satisfaction of visiting the heritage 
site. To be followed with other supportive aspects that achieve sociability and cooperation 
between people in the place. Where this also reflects in the scored results as (interactive, 
pride and diverse) have medium-scale ranged from 4.25 to 4.0 where they are closely rated; 
this signifies the relationship between the intangible aspects that is concerned with human 
emotions, feelings, and perceptions of the place which are almost equivalent in priority. 
 

 

(a)

 
(b)

Figure 7:  (a) Uses and activities; and (b) Average values of uses and activities domain [16]. 
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     However, results show that participants have the lowest priority goes to stewardship and 
cooperative; this may indicate that these aspects can be achieved directly by managing others 
(Fig. 8(a)), while Fig. 8(b) reveals the common findings of the related aspects of the 
sociability domains.  

5.2.5  Context and conservation attribute 
The results of the context and conservation domain prove its significance and priority among 
other domains where it is remarkably seen that the range of results from high to medium only, 
and none of them is considered a low priority. The maintenance aspect has significantly rated 
as the highest, which was scored by 4.7; this indicates that maintenance in heritage sites is 
essential to be achieved in consideration of preserving and protecting the heritage assets. 
Other aspects have been scored as medium importance as they are scaled from 4.4 for 
valuable aspect, 4.35 aesthetics and finally 4.225 for urban context integration (Fig. 9(a)). 
The results show the high importance of all aspects relevant to this domain from the highest 
to lowest (Fig. 9(b)). Identifying the values of heritage assets, both tangible and intangible 
dimensions, are essential dimensions to indicate success in placemaking heritage, strengthen 
that by also paying attention to aesthetics factors that contribute to achieving excellent 
reputation, attractiveness, and satisfaction. One other, integrating urban context around 
 

(a) 

(b)

Figure 8:  (a) Sociability domain [15]; and (b) Average values of sociability domain [16]. 
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(a) 

(b)

Figure 9:    (a) Context and conservation findings [15]; and (b) Average values of context 
and conservation domain [16]. 

heritage in the development considering adjacent urban areas, can contribute to success for 
the area [9]. Furthermore, it reduces the pressure on heritage assets, especially within touristic 
seasons and increasing the capacity of visiting as well as, it contributes to preserving and 
elaborate local identity and belonging by developing neighboring areas as a valuable one. 

5.2.6  Site interpretation attribute 
The resulted scores for site interpretation domain are smoothly rose up from 3.8 to 4.52. The 
highest score was for the aspect (informative), while the lowest was for (soulful) aspect. This 
indicates that participants promote cultural awareness and knowledge for the first level in 
order to achieve a good reputation, identity, and engaging storytelling within the provided 
activities. Besides, fulfilling a memorable experience that is humanized and authentic 
contribute to enrich the interpretation of the place and accomplish soulfulness accordingly 
(Fig. 10(a)). The bar chart shows the average rate results amongst all aspects (Fig. 10(b)). 
     The outcome results show the significance and importance of integrated domains and 
aspects incorporated in forming the model of heritage placemaking regardless of the inner 
prioritization among one another. Therefore, the added components were automatically  
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(a) 

(b)

Figure 10:    (a) Site interpretation domain findings; and (b) Average values of site 
interpretation domain [16]. 

verified to be part of the model. While there is a variation of importance levels were evident 
in some domains. Therefore, these results contribute to modify the proposed model as per 
importance level in order to benefit the end-user to adapt the model while in the design 
process, assessing an introduced one or helps to make decisions by stakeholders.  

6  THE DEVELOPED PLACEMAKING MODEL FOR SENSITIVE HERITAGE SITES 
The proposed placemaking model for heritage sites has been built in light of the traditional 
placemaking model; six major pillars are required to deliver an integral placemaking on 
heritage sites and attract cultural tourism. Within those pillars, a set of qualities that 
contribute to achieving them, where they verified and weighted by the importance which 
represented along with its relevant indicator. This was followed by implementing those 
findings on the final matrix to be linked with this representation and arranged according to 
priority among aspects of each domain separately (Fig. 11). 
     A developed matrix as final representation was extracted from the previous findings and 
results. As shown, the main domain has been color-coded while each domain’s aspects have 
been arranged according to resulted priorities, where the intersections between aspects and 
indicators have been updated accordingly. The outcome model represents results adaptation 
on its final representation where it is classified between one to another (Table 2). 
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Figure 11:  The updated model [16]. 

Table 2:  Proposed matrix integral placemaking model for heritage sites. (Source: Authors.) 
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     The outcome of this research demonstrated above contributes to various benefits for the 
research community, planners and urban designers. The model can be used variously, firstly, 
to be used in the initial planning process as a design criteria tool in developing the design in 
relevance to the attributes/aspects priority. Secondly, the developed model benefits the 
decision-makers and stakeholder who are in charge to develop heritage sites and promote 
tourism to take the right decision by referring to it; in which the model can help to assess the 
crucial aspects which need a priority in investments and taking actions. Finally, the model 
can also be used as an assessment tool in the case of evaluating proposed projects in order to 
identify the strengths and shortage aspects that occur in the proposed design. 

7  CONCLUSION 
The key findings of this research outlined the placemaking approaches and how the 
researchers developed the taxonomy of the main aspects contribute in heritage sites 
placemaking process. The conducted questionnaire, through the model building process, has 
strengthened the model credibility, contributed to generating the outcome, which is the 
subject of this research. The discussion has been elaborated to a certain extent to include the 
potential, benefits, usage opportunity associated with the developed placemaking model of 
heritage and cultural sites. Finally, it is concluded by potential reflection on the design 
process workflow to illustrate the researchers’ aim in bridging the theory and practice through 
the developed matrix. 
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ABSTRACT 
The definition of compatible conservation interventions on the archaeological built asset requires a 
comprehensive knowledge of physical, chemical and mechanical properties of the ancient masonry 
structures and their components. However, information on the mechanical properties of units, mortars 
and masonry assemblages are still lacking especially with reference to one of the most popular 
UNESCO World Heritage Sites in Italy, the Pompeii archaeological site. Thus, the paper focuses on 
the mechanical characterization of original rock specimens collected within the new archaeological 
excavation work area in Regio V of the Pompeii site. Ultrasonic pulse velocity tests (UPV) and Schmidt 
hammer rebound test were carried out on ten units of three different rock types: three travertine, five 
lava and two foam lava (i.e. “calcare del Sarno”, “lava” and “cruma”). Then, UPV were carried out on 
51 cubic specimens obtained from the cut of the units, both at ordinary moisture content and after 
drying. Finally, uniaxial compression tests were carried out on 32 cubic specimens. In the following, 
the results of non-destructive tests are discussed and compared with those provided by destructive tests 
in terms of compressive strength. 
Keywords:  rock units, masonry structures, Pompeii archaeological site, mechanical properties, non-
destructive tests, destructive tests. 

1  INTRODUCTION 
In order to protect both the tangible and the intangible asset in the Pompeii archaeological 
site, restoration interventions of masonry structures must comply with the principles of 
compatibility, reversibility, distinguishability and minimum intervention. To this aim, an 
interdisciplinary approach to the knowledge of the archaeological built asset is needed for 
the investigation of physical, chemical and mechanical properties of ancient masonry 
structures and their components (mortars and units) [1]. In particular, information on the 
mechanical properties of mortars and units is required both for the structural assessment of 
the ancient structures and for the choice of suitable materials and techniques for restoration 
interventions [2], [3]. However, from the structural point of view, data related to building 
materials in the Pompeii archaeological site are still limited [4]. 
     Concerning the investigation of the mechanical properties of rock units, it can be carried 
out both in laboratory and in situ by means of destructive tests (DTs) and non-destructive 
tests (NDTs). However, DTs are not allowed in the archaeological field for conservation 
reasons and available data provided by NDTs, are still limited. Indeed, NDTs on the 
archaeological structures are sustainable in terms of: (i) conservation of the built asset;  
(ii) moderate cost; and (iii) relatively short implementation [5]. NDTs provide an indirect 
estimation of the material strength based on empirical correlations. However, such 
correlations depend on the rock type and the test conditions and they should be calibrated on 
the outcomes of destructive tests [5], [6]. Among NDTs, the most common methods for the 
characterization of building materials from existing structures are the ultrasonic pulse 
velocity test (UPV), and the Schmidt hammer rebound test (SHR) [5]–[9]. In UPV the 
velocity of propagation of longitudinal stress wave pulses through the specimen is evaluated. 
The pulse is generated by an electro-acoustical transducer and received by a second 
transducer. The propagation time of the pulse is electronically recorded and the path length 
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is measured, thus, the pulse velocity V is calculated. UPV can be used to assess the uniformity 
of the specimen and the presence of defects or anomalies, other than to estimate the strength 
and the elastic properties of the tested material [10]–[13]. SHR measures the rebound of a 
spring-loaded piston that strikes a hammer in contact with the surface of the specimen. The 
test equipment records the rebound distance in terms of a rebound number, Hr, which depends 
on the hardness of the tested material. From the rebound number it is possible to obtain a 
rapid classification of the tested material and an indirect estimation of its strength by means 
of conversion charts [14]–[17]. Both UPV and SHR were firstly developed for the assessment 
of concrete structures [10], [11], [15], [16], [18], then they were calibrated and standardized 
for rock specimens [12], [13], [17]. Other methods were developed based on a combined use 
of UPV and SHR, with the aim of obtaining a more reliable estimation of the material strength 
[15], [18]. Technical literature presents many empirical correlation of UPV and SHR results 
with mechanical and physical properties of rock specimens (i.e. compressive strength (UCS), 
Young’s modulus (E), dynamic modulus of elasticity (Ed) dynamic Poisson’s ratio (νd) 
density (ρ)) [5]–[9]. However, specific experimentation on the traditional rock types used in 
the ancient building techniques in the Pompeii site, are still needed.  
     To fill such gap, in this paper mechanical properties of rock units from ancient masonry 
structures in Pompeii archaeological site are investigated by means of both NDTs (UPV and 
SHR) and uniaxial compression test. Ten rock units of three different rock types were 
collected within the new archaeological excavation work area in Regio V: three travertine 
units, five lava units and two foam lava units (i.e. “calcare del Sarno”, “lava” and “cruma”). 
UPV and SHR were carried out on the units, and then UPV were carried out on 51 cubic 
specimens obtained from the units at ordinary moisture content and after drying. Finally, 
uniaxial compression tests were carried out on 32 cubic specimens. In the following, the 
experimental outcomes of NDTs on the units and on the cubic specimens are presented and 
compared with the results of DTs in terms of compressive strength.  

2  ROCK UNITS FROM POMPEII SITE 
From May 2018, new archaeological excavation work was initiated in the Regio V of 
Pompeii archaeological site (Fig. 1). 
 

 

Figure 1:    Location of Pompeii near the city of Naples and Vesuvius and plan of Pompeii 
archaeological site with the indication of the Regio V borders (red line) and the 
new archaeological excavation work area in the Regio V (red area). 
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     Ten rock units of three different rock types were collected within the work area: three 
travertine units, five lava units and two foam lava units. 
     Travertine is a carbonate rock generated from the precipitation of calcium carbonate in 
the Sarno river, traditionally named in the site “calcare del Sarno”. Travertine units were 
whitish coloured and presented a cavernous fabric with many cavities left from the 
dissolution of plant materials and microorganisms [19]. It was one of the oldest building 
material used in the ancient Pompeii city, since the 6th–5th century BC. Easy to cut, it was 
widely used for the realization of masonry structures in the form of: rubbles for the opus 
incertum, small blocks for the opus vittatum mixtum, large blocks for the opus africanum and 
for the realization of window frames and door jambs [20]–[22]. Lava is an effusive rock 
derived from the volcanic bedrock of the ancient Pompeii city. Two main types of lava were 
used in the ancient masonry structures within the site: leucite phonolitic tephrite and trachyte 
[19]. Both types present a porphyritic structure with significant phenocrysts. The collected 
lava units were dark grey coloured, scoriaceous, glass-rich, with two type of phenocrysts: 
mostly black and of elongated shape phenocrysts (augite) and white and of rounded shape 
phenocrysts (leucite). Hard and compact, lava was mainly used in the ancient Pompeii in the 
form of rubbles for the opus incertum, sometimes with higher concentration in the lower part 
of the walls where a greater strength was needed, or in the spaces marked by higher moisture 
conditions, for its compactness. It was also used for the realization of doorsteps and 
flagstones [20]–[22]. Foam lava, traditionally named in the site “cruma”, is a subtype of 
tephrite [19]. It presented high porous texture, with more or less large rounded vesicles and 
dark red to grey colour. Lightweight and easy to cut, it was commonly used in the form of 
small-size units for the realization of masonry structures (rubbles for the opus incertum, small 
blocks for the opus vittatum mixtum and opus reticulatum) [20]–[22]. 
     The collected units were named by an alphanumeric code made by the initials of the 
traditional name of the rock type (CS, L, CR) and a serial number: CS1, CS2, CS3, L1, L2, 
L3, L4, L5, CR1 and CR2. Standard cubic specimens 70 mm × 70 mm × 70 mm were realized 
from the units, according to [23]. Fifty-one specimens were obtained: four specimens from 
CS1; five specimens from CS2; four specimens from CS3; two specimens from L1; two 
specimens from L2; five specimens from L3; four specimens from L4; one specimen from 
L5; four specimens from CR1; 20 specimens from CR2. Each cubic specimen was named by 
adding a further serial number to the name of the unit of origin (i.e. CS1.1, CS1.2, CS1.3, 
and CS1.4). 

3  ULTRASONIC PULSE VELOCITY TEST AND SCHMIDT HAMMER TEST 
UPV were carried out by means of the “MAE I-SONIC” apparatus. It allowed obtaining the 
propagation time and the transmission velocity of longitudinal compression wave pulses 
through the specimen and visualizing the acquired data on a graphic display. Transducers of 
natural resonance frequency of 53 kHz were used. Compression wave velocities, V, were 
obtained in direct transmission. Coupling material was used between the specimen and each 
transducer in order to guarantee an adequate acoustical coupling. UPV were carried out on 
the units at ordinary moisture content first, thus, after the cut of the units, UPV were carried 
out on the cubic specimens at ordinary moisture content and after drying. Concerning UPV 
on the units, compression wave velocities were evaluated as the average of three 
measurements obtained along a single direction. The transducers were fit to the irregular 
shape of each unit in order to ensure their alignment for the direct transmission and avoid 
local defects or fractures. For each unit the distance between the transducers was recorded 
for the computation of the compression wave velocity. Note that it was not possible to collect 
data for two units, L2 and L4, probably due to the presence of cracks or voids inside the 
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tested materials. Concerning UPV on the cubic specimens both at ordinary moisture content 
and after drying, compression wave velocities were evaluated in two orthogonal directions, 
each of them calculated as the average of three measurements. UPV on the cubic specimens 
were carried out at ordinary moisture content first, then UPV were repeated on the specimens 
after drying at a temperature of 70±5°C to constant mass according to [13]. Table 1 reports 
the number of cubic specimens obtained from each unit, ns, and the average density of the 
cubic specimens obtained from each unit at ordinary moisture content, ρ, and the bulk density, 
ρd. The density at ordinary moisture content and the bulk density were calculated for each 
cubic specimen as the ratio between its mass, at ordinary moisture content and at after drying 
respectively, and its volume. 

Table 1:   Average density at ordinary moisture content and average bulk density of the cubic 
specimens obtained from each unit. 

Unit (-) ns (-) ρ (kg/m3) CoV ρd (kg/m3) CoV 

L1 2 2,305 2% 2,286 3%
L2 2 2,161 2% 2,146 2%
L3 5 2,347 1% 2,345 1%
L4 4 2,252 2% 2,247 2%
L5 1 2,096 – 2,061 –

CS1 4 1,237 4% 1,128 4%
CS2 5 1,395 2% 1,387 2%
CS3 4 1,667 7% 1,556 10%
CR1 4 982 8% 965 9%
CR2 20 963 7% 933 8%

 
     Schmidt hammer tests, SHR, were carried out on the units by means of a low impact 
energy hammer, L-type [14]. For the execution of SHR, each unit was stuck in a clamp and 
the hammer was positioned horizontally. The rebound distance of the piston was visualized 
on a linear scale on the instrument and recorded to the nearest whole number. According to 
[17], ten values of the rebound number were recorded for each unit in different locations on 
the specimen surface, separated by at least the diameter of the piston. Thus, readings differing 
more than seven units from the average of the ten recorded values were rejected and Hr was 
evaluated as the average of the remaining values. Note that data were not recorded for units 
CS1 and L4, as local rupture occurred on the specimens’ surface during the rebound testing, 
so the tests were rejected. 
     Figs 2 and 3 summarize the experimental outcomes of NDTs on the units and on the cubic 
specimens, respectively. In particular, Fig. 2 reports the compression wave velocity V and 
the rebound number Hr for each unit. From UPV on the units, it resulted that the maximum 
velocity values were recorded on travertine units, with an average velocity V = 2,350 m/s. As 
far as lava units were concerned, it resulted in an average velocity V = 1,616 m/s while the 
foam lava had an average velocity V = 1,320 m/s. From the SHR tests on the units, lava units 
resulted as those with the maximum rebound number Hr = 29 while foam lava units and 
travertine units had Hr = 15 and Hr = 17, respectively. Fig. 3 reports the average velocities 
(from test in two orthogonal directions) obtained by UPV on the cubic specimens. In 
particular, the results at ordinary moisture content and after drying are reported in Fig. 3(a) 
and (b), respectively. For both the UPV on the cubic specimens, the trend of velocities is 
similar to that of UPV on the units.  
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Travertine units, CS Lava units, L Foam lava units, CR 

  

 
(a) (b)

Figure 2:    NDTs results for the rock units. (a) Ultrasonic pulse velocity tests (UPV); and  
(b) Schmidt hammer tests (SHR). 

Travertine cubic specimens, 
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Lava cubic specimens, L 
Foam lava cubic specimens, 
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(a) (b)

Figure 3:    Ultrasonic pulse velocity tests (UPV) results for the cubic specimens obtained 
from each unit. (a) Ordinary moisture content; and (b) Dried condition. 
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4  COMPRESSION TESTS  
Uniaxial compression tests were carried out on the cubic specimens according to [23]. For 
the correlation of the uniaxial compression strength with the ultrasonic pulse velocity, UPV 
were repeated on the cubic specimens before the execution of DTs along the direction of the 
compression load, z, and Vz was evaluated as the average of three records. Uniaxial 
compression tests were carried out under displacement control at a constant velocity  
0.01 mm/s. During the tests, the vertical shortening was measured by means of linear variable 
displacement transducers (LVDTs) (Fig. 4). 
 

 

(a) (b)

Figure 4:  (a) Reference system for cubic specimens; and (b) Compression test set up. 

     The test program involved 32 specimens: 11 travertine specimens, eight lava specimens 
and 13 foam lava specimens. The uniaxial compression tests results showed a great variability 
of behaviour for each of the three rock types, due to the great heterogeneity proper to the 
materials and due to the mechanical and physical decay of each unit. Lava specimens showed 
the maximum compressive strength, with an average value σz = 38.43 MPa (CoV = 40%) and 
foam lava showed the minimum strength, with an average value σz = 3.90 MPa (CoV = 35%). 
Finally travertine showed relatively low values of strength and a more significant variability, 
with an average value σz = 5.88 MPa (CoV = 75%). In particular, Concerning the travertine, 
specimens obtained from unit CS3 (CS3.1, CS3.2, CS3.3) they showed the highest values 
(respectively, σz = 7.32, 10.24 and 16.70 MPa). The experimental axial stress–axial strain 
relationships for each rock type are reported in Fig. 5. After the achievement of the maximum 
compressive stress, each curve showed a decreasing “softening” branch. The failure of each 
specimen was conventionally assumed at 80% of the maximum stress as shown in Fig. 5. 
     Fig. 6 reports the correlations between the DTs and NDTs outcomes. In particular,  
Fig. 6(a) reports the correlation between the uniaxial compressive strength along direction z 
of each tested cubic specimens, σz, and the parameter Vzꞏρ, where Vz is the ultrasonic pulse 
velocity evaluated along the direction of the compression load and ρ is the density of the 
specimen evaluated before the execution of the DTs. The figure shows a good correlation,  
R2 = 0.7493. Fig. 6(b) reports the correlation between the uniaxial compressive strength 
evaluated along the direction z of each tested cubic specimens, σz, and the rebound number 
evaluated on the corresponding unit, Hr. A good matching between analytical formulation 
and experimental results were found also in this case, R2 = 0.8038. 
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σmax = 16.70 MPa σmin = 1.73 MPa 
σ = 5.88 MPa 
(CoV = 75%) 

σmax = 62.77 MPa σmin = 15.76 MPa 
σ = 38.43 MPa 
(CoV = 40%) 

(a) (b)
 

σmax = 5.56 MPa σmin = 1.80 MPa 
σ = 3.90 MPa 
(CoV = 35%) 

(c) 

Figure 5:    Axial stress–axial strain relationship. (a) Travertine cubic specimen; (b) Lava 
cubic specimen; and (c) Foam lava cubic specimen. 

5  CONCLUSIONS 
The mechanical properties of original rock units from the archaeological Pompeii site were 
investigated by means of the UPV and the SHR. UPV and SHR were carried out on ten units 
of three different rock types (travertine, lava and foam lava). Then, 51 cubic specimens were 
obtained from the units and UPV were carried out on them both at ordinary moisture content 
and after drying. Finally, uniaxial compression tests were carried out on 32 cubic specimens 
and the results were compared with the experimental outcomes of NDTs. The tests showed 
that: 
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(a) (b)

Figure 6:    Correlations between the DTs and NDTs outcomes. (a) Correlation between the 
uniaxial compressive strength evaluated along the direction z, σz, and the 
parameter Vzꞏρ, where Vz is the ultrasonic pulse velocity evaluated along the 
direction z and ρ is the density of the specimen evaluated before the execution 
of the DTs; and (b) Correlation between the uniaxial compressive strength 
evaluated along the direction z, σz, and the Schmidt hammer rebound on the units, 
Hr. 

 The rock types showed a great variability in terms of compressive strength due to 
the great heterogeneity of the material and to the mechanical and physical decay; 

 The maximum compressive strength was obtained on lava cubic specimens; 
 Travertine showed an average compressive strength σz = 5.88 MPa (CoV = 75%), 

average rebound number Hr = 17, and an average ultrasonic pulse velocity along the 
direction of the compression load Vz = 2,315 m/s (CoV = 19%); 

 Lava units showed an average compressive strength σz = 38.43 MPa (CoV = 40%), 
average rebound number Hr = 29, and an average ultrasonic pulse velocity along the 
direction of the compression load Vz = 1,987 m/s (CoV = 26%); 

 Foam lava units showed an average compressive strength σz = 3.90 MPa (CoV = 
35%), average rebound number Hr = 15, and an average ultrasonic pulse velocity 
along the direction of the compression load Vz = 1,531 m/s (CoV = 13%); 

 Analytical expressions were found to correlate the uniaxial compressive strength 
with the parameter Vzꞏρ and the uniaxial compressive strength with the rebound 
number Hr; a good matching between analytical formulation and experimental 
results were found: R2 = 0.7493 for the correlation between σz and Vzꞏρ, R2 = 0.8038 
for the correlation between σz and Hr.  

     The tests results could represent a sound tool to provide preliminary information on the 
mechanical properties of traditional rock types commonly found in archaeological sites of 
the Roman age. 

y = 3E-12x2 - 1E-05x + 13.507
R² = 0.7493

0

10

20

30

40

50

60

70

80

0.E+00 1.E+06 2.E+06 3.E+06 4.E+06 5.E+06 6.E+06 7.E+06 8.E+06

CS1 CS2 CS3 L1 L2 L3 CR1 CR2

σz (MPa) 

Vz∙ρ (m/s ∙ kg/m3)

y = 1.9454x - 25.254
R² = 0.8038

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30 35 40

CS2 CS3 L1 L2 L3 CR1 CR2

σz (MPa) 

Hr (-)

348  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



ACKNOWLEDGEMENTS 
The authors are grateful for the support and the supervision on the research project provided 
by the director of Parco Archeologico di Pompei (PAP), Professor Massimo Osanna; the 
Project Manager of the work in Regio V, Architect Annamaria Mauro; the Managers of the 
Laboratorio di Ricerche Applicate of PAP, Architect Bruno De Nigris and Dr Alberta 
Martellone; the Director of the work in Regio V, Architect Gianluca Vitagliano and Engineer 
Vincenzo Calvanese, member of the Technical Secretariat of the Great Pompeii Project. 

REFERENCES 
[1] ICOMOS, Recommendations for the analysis, conservation and structural restoration 

of architectural heritage. International Scientific Committee for Analysis and 
Restoration of Structures of Architectural Heritage, Paris, 2001. 

[2] Min. BB.AA.CC., Linee Guida per la valutazione e riduzione del rischio sismico del 
patrimonio culturale con riferimento alle norme tecniche per le costruzioni (D.M. 14 
gennaio 2008), Supplemento ordinario alla G.U. n. 54 del 26 febbraio 2011. (In 
Italian.) 

[3] De Nigris, B. & Previti, M., L’affidabilità strutturale degli interventi di messa in 
sicurezza del patrimonio archeologico. IF CRASC’17, IV Convegno di Ingegneria 
Forense, VII Convegno su CRolli, Affidabilità Strutturale, Consolidamento, eds N. 
Augenti & L. Jurina, Milan, 14–16 September, 2017. 

[4] Autiero, F., De Martino, G., Di Ludovico, M. & Prota, A., Mechanical behavior of 
ancient mortar specimens from Pompeii site. COMPDYN 2019, 7th ECCOMAS 
Thematic Conference on Computational Methods in Structural Dynamics and 
Earthquake Engineering, eds M. Papadrakakis & M. Fragiadakis, Crete, 24–26 June, 
2019. 

[5] Vasanelli, E., Calia, A., Colangiuli, D., Miceli, F. & Aiello, M.A., Assessing the 
reliability of non-destructive and moderately invasive techniques for the evaluation of 
uniaxial compression strength of stone masonry units. Construction and Building 
Materials, 124, pp. 575–581, 2016. DOI: 10.1016/j.conbuildmat.2016.07.130. 

[6] Christaras, B., Non-destructive methods for investigation of some mechanical 
properties of natural stones in the protection of monuments. Bulletin of the 
International Association of Engineering Geology, 54, p. 59, 1996.  
DOI: 10.1007/BF02600697. 

[7] Yasar, E. & Erdogan, Y., Correlating sound velocity with density, compression 
strength and Young modulus of carbonate rocks. International Journal of Rock 
Mechanics and Mining Sciences, 41(5), pp. 871–875, 2004. 

[8] Vasconcelos, G., Lourenco, P.B., Alves, C.A.S. & Pamplona, J., Ultrasonic evaluation 
of the physical and mechanical properties of granites. Ultrasonics, 48, pp. 453–466, 
2008. DOI: 10.1016/j.ultras.2008.03.008. 

[9] Moradian, Z.A. & Behnia M., Predicting the uniaxial compression strength and static 
Young’s modulus of intact sedimentary rocks using the ultrasonic test. Int. J. 
Geomech., 9(1), pp. 14–19, 2009. 
https://ascelibrary.org/doi/abs/10.1061/(ASCE)1532-3641(2009)9:1(14). 

[10] ASTM C597-02, Standard test method for pulse velocity through concrete, ASTM 
International, West Conshohocken, PA, 2002. 

[11] UNI EN 12504-4, Testing concrete: Determination of pulse velocity, 2005. 
[12] ASTM D2845-08, Standard test method for laboratory determination of pulse 

velocities and ultrasonic elastic constants of rock, ASTM International, West 
Conshohocken, PA, 2017. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  349

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



[13] UNI EN 14579, Natural stone test methods: Determination of sound speed 
propagation, 2005. 

[14] RILEM Recommendation MS.D.2, Determination of masonry rebound hardness. 
Materials and Structures, 31, pp. 363–377, 1998. 

[15] UNI EN 12504-2, Testing concrete in structures: Determination of rebound number, 
2012. 

[16] ASTM C805/C805M – 13a, Standard test method for rebound number of hardened 
concrete, ASTM International, West Conshohocken, PA, 2013. 

[17] ASTM D5873-14, Standard test method for determination of rock hardness by rebound 
hammer method, ASTM International, West Conshohocken, PA, 2014. 

[18] ACI Committee 228.1R-95, In-place methods to estimate concrete strength, 2003. 
[19] Piovesan, R. et al., Stones of the facade of the Sarno Baths, Pompeii: A mindful 

construction choice. Journal of Cultural Heritage, 2019.  
DOI: 10.1016/j.culher.2019.04.010. 

[20] Cinque, A. & Irollo, G., Il “Vulcano di Pompei”: nuovi dati geomorfologici e 
stratigrafici. Il Quaternario, Italian Journal of Quaternary Sciences, 17(1), pp. 101–
116, 2004. 

[21] Santoro, S. (ed.), Pompei. Insula del centenario (IX, 8). Vol. 1: Indagini diagnostiche 
geofisiche e analisi archeometriche, Studi e Scavi. Nuova serie, Ante Quem: Bologna, 
2007. 

[22] Kastenmeier, P., Di Maio, G., Balassone, G., Boni, M., Joachimski, M. & Mondillo, 
N., The source of stone building materials from the Pompeii archaeological area and 
its surroundings. Periodico di Mineralogia, Special Issue, pp. 39–58, 2010. 

[23] UNI EN 1926, Natural stone test methods: Determination of compression strength, 
2000. 

350  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



IMAGE RECOGNITION SYSTEM FOR USE IN  
RESTORING GRANITE ITEMS IN  

TAIWANESE HERITAGE BUILDINGS 
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ABSTRACT 
According to the principle of prioritizing the preservation of the value of cultural heritage assets stated 
in the Cultural Heritage Preservation Act of Taiwan, monuments should be restored to their original 
appearance. In the restoration of monuments made of granite – one of the most commonly used material 
in Taiwan’s heritage buildings – the same or similar type of granite is chosen and then processed using 
a technique that is similar to the original but distinguishable from the original work as a principle. 
However, comparing granite materials has a major constraint – samples often cannot be directly 
obtained unless the granite item shows severe damage or breakup, leading to difficulties in conducting 
a composition analysis. By integrating traditional and scientific methods, this study developed a non-
destructive image identification system for analysing granite items. 
Keywords:  cultural heritage, granite, non-destructive analysing, image recognition system. 

1  INTRODUCTION 
A difficulty often faced when restoring Taiwan’s cultural heritage buildings is that the 
appearance of the restored historical site is completely different from its former, vintage 
appearance or that the restored items are incompatible with the older structure. This is more 
evident with granite because it is a highly durable material compared to other materials. 
Hence, restoring granite items usually involves partial repair or replacement rather than 
complete overhaul. Dozens of construction granites are commercially available. Using 
improper materials during restoration would result in evident apparent differences between 
the new and old parts of restored projects, evoking a sense of patchwork or poor construction 
quality and, more seriously, distorting the cultural significance of the heritage site. 
     In Taiwan, restoring cultural heritage buildings are often carried out by craftsmen, who 
generally identify the granite type through unaided eyes and select a similar type from 
market. Although these craftsmen are generally considered as experienced, their selections 
often resulted in some incompatible extents between the original materials and replacement 
ones. In order to be more precise in matching the appearance of the original and replacement 
materials, this study aims to develop a non-destructive method to estimate the mineral 
proportions in granites so that suitable materials can be selected for restoring historical sites, 
from which sampling the existing materials for analyzing their properties is usually 
prohibited. 
     Eleven commercially available granite samples were used for our method development. 
First, the samples were analyzed for bulk and mineral compositions using destructive 
methods. The data were used to calculate precise mineral proportions and the results were 
considered as “true values” to evaluate the accuracy of the results from the non-destructive 
method that was mainly based on image analyses. The developed non-destructive method 
was applied to estimate the mineral proportions of the granites in Nankunshen Temple, a 
national monument of Taiwan and then compared to the commercially available ones. 
Although the photo process was influenced by onsite environmental and image quality 
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factors, we were able to find matches. Therefore, the system effectively solves the problem 
of sample incompatibility in restoring cultural heritage buildings. 

2  CURRENT SITUATION OF GRANITE USE 
Rock materials were intensively used in Taiwanese cultural heritage. To examine the 
proportion of granite in these rock materials, we carried out a survey on the amount of rock 
materials in eight architectural cultural heritage, including temples (Lukang Longshan 
Temple, Nankunshen Daitian Temple, Tainan State Temple of the Martial God, Fengshan 
Longshan Temple), gateways (Keelung Ershawan Battery), castles (Hsinchu 
ChuqianchengYingxi Gate), tombs (Chiayi Wang De-lu’s tomb), and stone arch (Kinmen 
Chastity Arch for Qiu Liang-gong’s Mother). 
     As shown in Table 1, granite is the major rock materials used in traditional cultural 
heritage architecture in Taiwan. It was applied in structures of temples and residences, and 
also as a major constituent of castle walls, tombs, and stone arches. Granite has many variants 
and its characteristics vary greatly among the variants. Traditional lithographic craftsmen 
often referred granite to as “Quanzhou Bai”, a Chinese commercial jargon, and even confused 
with “ballast”. Merchandisers and architects responsible for historic site repairs normally use 
two to three trade codes to represent all granite variants used in cultural heritage construction, 
thereby causing flaws in maintenance and repair. Such defects necessitate developing a 
method for identifying granite variants used in cultural heritage structures. 

Table 1:  Statistics of stone quantity. 

 Diabase Granite Basalt Andesite Sandstone Total 
Lukang Longshan 
Temple 

6 260 76   342 

Nankunshen Daitian 
Temple 

24 1,844 150 11  2,029 

Tainan State Temple of 
the Martial God

 48    48 

Fengshan Longshan 
Temple 

2 85   2 89 

Keelung Ershawan 
Battery 

    1,123 1,123 

Hsinchu 
ChuqianchengYingxi 
Gate 

 1,549   34 1,583 

Chiayi Wang De-lu’s 
tomb 

26 42    68 

Kinmen Chastity Arch 
for Qiu Liang-gong’s 
Mother 

63 107    170 

Total 121 3,935 226 11 1,159 5,452 

3  ANALYSIS OF THE LITHOLOGICAL CHARACTERISTICS OF GRANITE 
According to the classification scheme of International Union of Geological Sciences 
(IUGS), the proportions of plagioclase, alkaline feldspar, and quartz are the main components 
used for determining granite variants [1]. The most accurate method for calculating the main 
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mineral proportions of rocks is based on mass balance between the compositions of bulk and 
mineral compositions [2]. For granitic rocks, the matrix equations are as follows: 

SiO2(whole-rock) = SiO2(quartz) × F(quartz) + SiO2(plagioclase) × F(plagioclase) + SiO2(alkaline feldspar) 
 × F(Alkaline feldspar) + SiO2(biotite) × F(biotite), (1) 

 TiO2(whole-rock) = TiO2(biotite) × F(biotite), (2) 

Al2O3(whole-rock) = Al2O3(plagioclase) × F(plagioclase) + Al2O3(alkaline feldspar) × F(alkaline feldspar)  
 + Al2O3(biotite) × F(biotite),  (3) 

 FeO(whole-rock) = FeO(biotite) × F(biotite), (4) 

 MgO(whole-rock) = MgO(biotite) × F(biotite), (5) 

 CaO(whole-rock) = CaO (plagioclase) × F(plagioclase) + CaO (alkaline feldspar) × F(alkaline feldspar)  
 + CaO(biotite) × F(biotite), (6) 

 Na2O(whole-rock) = Na2O(plagioclase) × F(plagioclase) + Na2O (alkaline feldspar) × F(alkaline feldspar)  
 + Na2O(biotite) × F(biotite),  (7) 

 K2O(whole-rock) = K2O(plagioclase) × F(plagioclase) + K2O (alkaline feldspar) × F(alkaline feldspar)  
 + K2O(biotite) × F(biotite).  (8) 

     In these equations, F indicates the proportion of the mineral in parentheses. They are 
unknown to be determined. The terms on the left side of the equations are the bulk 
compositions and those on the right side are the mineral compositions. The bulk and mineral 
compositions are balanced based on mineral proportions. Eight relationships are present with 
only four unknowns, resulting in a set of overdetermined matrix, for which the unknowns 
must be solved using least squares linear regression. 
     This study selected 11 commercially available granite samples for major oxide content 
and loss of ignition (mainly water content) analyses. Except for sample 654, the SiO2 content 
of all samples exceeded 60%, representing typical granitic compositions (Table 2). 
Plagioclase, alkaline feldspar, and biotite compositions were averages from analyses on four 
to six grains in each sample (Table 3). On each grain, two to five spot analyses were 
conducted. Subsequently, eqns (1)–(8) were used to calculate the proportions of quartz, 
plagioclase, alkaline feldspar, and biotite in the 11 samples (Table 4). 

Table 2:  Major whole-rock compositions of granite (%). 

Sample 
# 

SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 LOI Total 

602 71.9 0.17 15.2 1.41 0.05 0.33 1.96 3.59 4.23 0.08 0.27 99.2 
603 70.7 0.21 15.9 1.54 0.06 0.40 2.42 4.39 3.01 0.09 0.42 99.1 
614 67.8 0.43 16.3 2.80 0.06 0.94 3.24 3.49 3.52 0.14 0.42 99.2 
617 74.0 0.21 13.9 1.01 0.08 0.27 1.07 4.08 4.29 0.07 0.41 99.4 
623 69.0 0.31 15.9 2.12 0.09 0.68 2.35 4.00 4.13 0.12 0.45 99.2 
636 72.3 0.29 14.6 1.48 0.07 0.45 1.71 4.24 3.48 0.09 0.47 99.2 
654 59.0 0.83 16.5 6.94 0.11 3.33 5.97 3.02 2.92 0.22 0.25 99.1 
655 75.1 0.18 13.6 0.66 0.09 0.13 0.72 3.70 4.73 0.05 0.46 99.5 
664 69.0 0.48 16.3 2.48 0.05 0.80 2.48 3.66 4.88 0.12 0.55 100.8 
681 75.8 0.12 13.3 0.39 0.04 0.08 0.60 3.91 4.64 0.04 0.38 99.3 
687 69.8 0.47 14.8 2.17 0.08 0.57 1.70 4.00 4.76 0.13 0.70 99.2 
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Table 3:  The mineral proportions of the 11 samples (%). 

 602 603 614 617 623 636 654 655 664 681 687 
quartz 28.4 26.3 26.4 29.7 22.9 26.6 22.4 30.8 22.2 31.5 21.7 
plagioclase 41.2 50.4 44.9 32.3 46.0 46.2 48.7 37.0 40.6 37.6 42.2 
alkaline feldspar 25.0 17.7 17.6 34.9 24.0 22.0 0.6 29.5 30.4 29.2 27.4 
biotite 5.4 5.5 10.9 3.1 7.0 4.9 27.2 2.7 7.5 1.4 7.5 

Table 4:  The mineral proportions of the 11 samples by image analysis method (%). 

 quartz plagioclase alkaline feldspar biotite 
 Test1 Test2 software Test1 Test2 software Test1 Test2 software Test1 Test2 software 

602 30 27 32 17 36 29 46 30 30 7 5 9 
603 25 35 38 14 11 27 41 48 26 17 6 8 
614 51 40 30 36 12 28 0 34 32 10 13 11 
617 24 48 48 46 11 24 23 36 25 4 5 4 
623 30 32 33 20 5 27 40 53 32 10 11 8 
636 38 40 37 29 24 31 17 32 25 15 5 6 
654 47 13 28 21 2 21 0 55 36 29 30 14 
655 30 42 32 3 12 33 66 43 30 1 3 5 
664 29 30 23 19 22 23 37 41 44 12 9 4 
681 36 46 69 23 5 8 36 47 20 1 3 20 
687 21 36 34 11 24 28 52 34 35 13 8 2 

Note: “Test1” and “Test2” are the results of two manual operations; “Software” is the results of software-based. 

4  IMAGE ANALYSIS METHOD 
Color is often used to identify forms of matter. This can be applied in granite identification. 
Granite colors are mainly controlled by four major minerals, namely biotite (black), 
plagioclase (white), alkaline feldspar (light pink to bright red or brown), and quartz 
(transparent; the color in quartz can be a reflection of other minerals or related to impurities 
in it, resulting in a light to dark gray appearance). A small proportion of the black color 
identified may have resulted from the presence of iron-titanium oxides in addition to biotite. 
Overall, granite colors can be divided into gray-white to dark gray shades and pink to brown 
shades, which mainly reflect the color of alkaline feldspar. 
     The color identification method was used to calculate the mineral proportions. Regarding 
basic conditions for analysing rock images to determine the mineral compositions and 
relevant proportions, the minerals must exhibit recognizable colors and that the mineral 
particle size must be recognizable by software. Granite perfectly satisfies the conditions and 
is thus the most suitable material for image analysis for mineral proportion determination. 
 

 

Figure 1:  Plane image of the granite sample. 
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Figure 2:  Granite sample images of different color scales. 

     During the selection of four color scales, two manual operations and one software-based 
analysis were performed to compile color scales and subsequently determine mineral 
compositions and proportions; the results are shown in Table 4. 
     Comparing the results from image analyses (two manual operations and one software-
based analysis) to the “true values” showed the following consistency and inconsistency: 

1. The image analysis results of two manual operations exhibited significant 
differences, indicating inconsistency between individual color selections. The 
cumulative experience of researchers in manual color selection affects the 
identification accuracy. 

2. Regarding the proportions of the four minerals analysed, the image analysis of the 
black minerals approximated the true values the most. In particular, the result of T2 
was almost identical to the true value. This revealed that biotite was identified easily, 
thereby facilitating its marking and calculation during image processing. 

3. The results from image analyses have higher quartz and alkaline feldspar proportions 
and lower plagioclase proportion than those of the “true values”. This was possibly 
caused by the color scattering effect of minerals. Contrasting to the white color of 
plagioclase, the colors of quartz and alkaline feldspar were moderately darker and 
may have spread across surrounding plagioclase, causing a mis-judgment of 
plagioclase borders as quartz or alkaline feldspar. These were the primary sources 
of errors in the image analysis. This inconsistency can be reduced by lowering the 
tolerance of pink and grey color selection. When the tolerance of pink color selection 
was reduced from 35 to 25, the alkaline feldspar proportion decreased from 36 to 30 
for sample 602, providing a better fit to the “true value”. Despite of the deviation 
from the “true values” mineral proportions, the results from image analyses can still 
be applied to trace the quarry of granites in cultural heritage buildings as long as the 
same tolerance is applied to samples and the reference materials as shown in the 
following examples. 

     This study selected granite from six positions at Nankunshen Daitian Temple, a national 
heritage site in Taiwan, for image analysis. The analysis results were compared with the 
reference rocks in the lithology database established by the Bureau of Cultural Heritage, 
Ministry of Culture, in 2015 to trace the source quarries of the granite samples. The results 
revealed that the granite of four wall sites resembled the reference rock 0161 from Quanzhou, 
Fujian Province. Granite from two floor sites resembled the reference rock 0163 from 
Zhangpu, Fujian Province. These results suggest that granite materials used in the temple 
were not from same source as that recorded in the contract; instead, they were from Quanzhou 
and Zhangpu (Tables 5 and 6). 
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Table 5:  The results of granite image analysis at Nankunshen Daitian Temple. 

position plane image major mineral proportions 

quartz 51.5% 

plagioclase 31.1% 

alkaline feldspar 11.9% 

biotite 5.5% 

quartz 49.7% 

plagioclase 21.4% 

alkaline feldspar 18.7% 

biotite 5.3% 

 

 

quartz 44.6% 

plagioclase 38.0% 

alkaline feldspar 16.4% 

biotite 1.8% 

 

 

quartz 42.5% 

plagioclase 31.4% 

alkaline feldspar 25.9% 

biotite 2.0% 

quartz 28.0% 

Plagioclase 33.6% 

alkaline feldspar 19.0% 

biotite 14.9% 

quartz 25.5% 

plagioclase 42.7% 

alkaline feldspar 10.1% 

biotite 11.3% 
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Table 6:  The most similar samples in the lithology database. 

sample 0161 
major 

mineral 
proportions sample 0163 

major 
mineral 

proportions 

from Quanzhou 

quartz 42.5% 

from Zhangpu

quartz 35.5% 

plagioclase 37.1% plagioclase 44.9% 

alkaline 
feldspar 

17.3% 
alkaline 
feldspar 

10.9% 

biotite 3.14% biotite 8.27% 

5  CONCLUSION 
Image identification systems can be used to effectively identify granite variants based on 
surface images and prevent destructive sampling that is prohibited at cultural heritage sites. 
The importance of identifying granite variants at cultural heritage sites lies in unearthing 
history and increasing future research possibilities. Tracking the origins of granite using 
comparisons with existing databases can further verify historical materials and literature to 
gain insights into the construction history of such cultural heritage sites and enrich cultural 
knowledge. Moreover, the identification of granite variants can assist in the maintenance and 
repair of units by identifying the most suitable materials to improve the engineering quality 
of cultural heritage sites while retaining the original appearance, thereby preventing damage 
to such structures. 
     The subsequent application of image identification systems should be integrated with 
mobile devices such as mobile phones. Mobile devices can be used to take photographs and 
upload the images to a cloud database for algorithm analysis and image comparison. Then, 
the comparison results can be returned to the user. With such a convenient operation method, 
the system usability is likely to improve substantially. Moreover, the uploaded data can be 
used to establish big data, which further assists the system in correcting the identification-
related algorithmic mechanisms and increase the identification rate. Consequently, the 
effectiveness of the identification system can be continually enhanced, thereby expediting 
the practical implementation of the system in cultural heritage investigations. 
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ABSTRACT 
The modern consolidating agents, used in the care of cultural heritage for the past 20 years, include 
dispersion and colloid systems of not only organic consolidants, but also mineral systems with particle 
sizes in nano-dimensions. Among these materials, calcium hydroxide nanodispersion plays an 
important role. The compatibility of the consolidant with the lime-based original building material, 
deep penetration due to the particle size, and no mobilisation of soluble salts are advantages attributed 
to alcoholic lime nanodispersions. The assessment of the consolidating efficiency of the tested products 
are based on performance of both the destructive and the non-destructive laboratory tests. The 
penetration depth, thermal and moisture expansion, material strength, abrasion, modulus of elasticity, 
vapor permeability, microstructure (porosity, pore distribution and interconnection) and density can be 
listed as monitored criteria. For historical material is also important to monitor the change of color or 
texture on visible surface of the material. The paper presents a partial result of the NAKI II 
DG16P02M005 research project dealing with the verification of potential use of selected lime 
nanosuspensions (newly prepared calcium hydroxide nanosuspensions in alcohols and market available 
lime-nanodispersion CaLoSiL®) for the consolidation of historic lime based materials. The paper 
presents a comparative laboratory and experimental study on the effects of three different calcium 
hydroxide based agents on consolidating a porous limestone. 
Keywords:  stone, limestone, lime water, nanosuspension, CaLoSiL, consolidation, strengthening. 

1  INTRODUCTION 
The stone structures of the cultural heritage buildings show many different deterioration 
patters that are besides caused by their permanent exposure to the external environment, 
mainly the weather changes (temperature, sun exposure, wetness, etc.). The consolidation of 
those sanding, scaling and flaking materials is based on improvement of the mechanical 
properties, on strengthening of the subsurface and surface layers with the aim to return as 
close as possible to a state of its original properties. It mostly constitutes of restoration of the 
structure binder, filling the resulting cavities and cracks, increasing the adhesion of the 
surface layers to the substrate and removing the soils contained in the pores of the stone as 
much as possible [1]. 
     The use of nanomaterials with a particle size of up to 150–300 (500) nm in the stone 
monument care, whose properties can be described as an intersection between molecular and 
mass properties, is the subject of scientific research of last 10 years approximately, mainly 
due to their positive physical and mechanical characteristics such as formation of stone-like 
compounds (in case of limestone the calcium carbonate chemical and mineralogical 
composition), possible deep penetration and high reactivity in the treated material [2], [3]. 
The possibility of stone consolidation by means of calcium hydroxide nanodispersion 
dispersed in an alcoholic environment was, for example, discussed in 2006 at the University 
of Firenze di Firenze in Italy. Laboratory tests carried out on limestone samples (Gallina and 
Alberese) showed an increase in surface cohesion and an increase in the Ca/Si ratio (Gallina 
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1.3:3.3; Alberese 8.93:18.3) without altering the color. The rate of water absorption also 
decreased after the application of nanodispersion (e.g. 5% for Alberese limestone, 1.7% after 
application) [4]. 
     At present there are two commercially available nanosol products for conservation of 
calcium carbonate based materials, e.g. stone, as well as plaster and mortar. The commercial 
treatment products are CaLoSil (IBZ Salchemie, Germany) and Nanorestore (CSGI 
Consortium, University of Florence, Italy). There are many examples known for conservation 
by those named nanosuspensions of plaster and wall paintings [5], but only a few about 
consolidation of stone monuments [6], [7].  
     The paper presents partial results of the NAKI research project focused on possibilities of 
the stabilization, conservation and strengthening of historic stones by selected agents based 
on calcium hydroxide nanosuspensions (so called “nanolime”). It focuses on laboratory 
testing of newly developed nanosuspensions and their influence on material characteristics 
of limestone. 

2  MATERIALS AND METHODS 
Within the framework of the NAKI research project it´s being carried out an extensive 
research dealing with the solution of the use of nanomaterials for conservation of historical 
materials (plaster, mortar and stone). The research is done in cooperation of the Faculty of 
Civil Engineering, Czech Technical University in Prague, and the Centre of Polymer 
Systems, Tomas Bata University in Zlín [8]–[10].  

2.1  Stone 

The laboratory tests were carried out on limestone samples, which is a calcium based material 
with open porosity and good absorbability (Fig. 1). Limestones was less frequently used in 
the construction of buildings in Czech Republic in the past centuries, but was widely used in 
Italy or Greece for example. In Czech Republic the use of limestone was usually due to the 
local quarry and the buildings were in a relatively small scale. The major area with limestone 
quarries in Bohemia is located in the surrounding of the town of Beroun (Bohemian Karst), 
but also in the north-west Bohemia (Czech Cretaceous Basin) or in Moravia in the area of 
Moravian Karst.  
 

 

Figure 1:  Microscopic image of limestone, Beroun Quarry. (Source: Neubergerová, 2015.) 

     For the laboratory tests were used the limestone from the Beroun quarry. The samples 
itself were of circular cross-section with a diameter of 5 cm and only one face of the sample  
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Table 1:  Physical characteristics of limestone samples. 

Stone Physical characteristics 
Water absorption Porosity

% wt. % vol.
Limestone 1.31–2.25 7.24–9.28

 
was treated with a certain volume of the tested nanosuspensions. Before the experiment, the 
stone specimens were conditioned in the laboratory environment at 25°C and humidity  
of 38%. 
     Within the laboratory research we carried out the measurements of porosity in cooperation 
with the Institute of Rock Structure and Mechanics of the Academy of Sciences CR using 
the method of high-pressure mercury porosimetry on limestone samples. The measurement 
was performed on 5 mm sample fragments and performed on a set of Pascal 140 + 240 fir 
thermo Electon-poroset (Table 1). 
     The assessment of efficiency of application we based on simple methods such as 
evaluation of the visual appearance – assessment of colour changes, the depths of penetration, 
the behaviour of the nanosuspensions in the course of application as well as the comparison 
of the samples porosity before and after application. 

2.2  Nanosuspensions 

In the framework of the research project, the original lime nanosuspensions were developed 
in cooperation with CPS in Zlín. Based on results of the previous research were prepared and 
tested 3 different lime nanosuspensions [9]: 

 Ca4: Ca(OMe)2 dispersed in isopropyl alcohol was then added to distilled water; 
the reaction was stirred at room temperature for 3 hours; subsequently, the 
suspension was centrifuged and washed with distilled water and isopropyl alcohol; 
suspensions were prepared at a concentration of 5 g/l.  

 Ca4O: the calcium oxide charge was dispersed in ethanol and distilled water was 
added; the mixture was left on a magnetic stirrer for 24 hours; the resulting 
suspension was made up to 1 liter by adding the reaction mixture; the Ca(OH)2 

concentration is 5 g/l. 
 CaMg1: the amounts of Ca, Mg precursors and NaOH were dissolved in distilled 

water; subsequently, the NaOH solution was mixed with the precursor solution to 
form a white precipitate; the reaction was stirred at room temperature for 3 hours; 
the suspension was centrifuged and washed with distilled water and isopropyl 
alcohol; suspensions were prepared at a concentration of 5 g/l. 

     To determine the crystalline structure of the products was used the XRD powder analysis 
on a Rigaku MiniFlex 600 diffractometer and compared with the JCPDS card of Ca(OH)2 
(JCPDS 01-076-0571) (Fig. 2). 

2.3  Application procedure 

Based on the previous laboratory research the application of consolidation means was done 
by a total volume of 30 ml. (Note: This volume doesn´t correspond with a full volume needed 
for conservation of degraded historical material by calcium hydroxide nanosols, but is 
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Figure 2:    The XRD powder analysis of the products, Rigaku MiniFlex 600 diffractometer. 
(a) Ca4O; and (b) Ca4 (black); and CaMg1 (red). 

sufficient to carry out the laboratory tests.) The nanosuspensions were applied to only one 
surface of the stone samples. The samples were placed in a measured amount of the tested 
nanosuspensions and covered with a foil to prevent the alcohol from evaporating too quickly. 
The penetration rate was continuously monitored and measured (Fig. 3(a)). 
     Consolidated test samples were left for 28 days of maturity, with continuous control and 
recording of color changes. The test specimens were not moistened or otherwise regulated 
during maturation, only exposed to natural conditions. The calcium hydroxide should be 
present in the treated samples after the evaporation of alcohol and its conversion to calcium 
carbonate takes place the same way as for the conventional lime material, i.e. by reaction 
with atmospheric carbon dioxide. 
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(a) 

 
(b) 

Figure 3:    The limestone samples after application of nanosuspensions. (a) The penetration 
depth of nanosuspensions is clearly visible on the samples, it varies between  
7 mm to 15 mm; and (b) Visible accumulation of calcium hydroxide on the 
specimens surface. 

     One sample was left without the application of nanosuspensions to obtain a comparative 
characteristics for some measurements (e.g. cohesion of the surface layers or the 
porosimetry). 
     On the basis of mercury porosimetry results, the distribution and integral curves of the 
pore system of individual stone samples were constructed (Fig. 4), before and after the 
application of the consolidation agent. Samples for the determination of porosity after 
consolidation were taken from sites where the consolidation agent penetrated (about 10 mm 
from the edge of the element). 
     Table 2 shows the characteristic values of the limestone pore system before and after 
application of the consolidation agent, as determined by mercury porosimetry determined 
from the samples taken. Fig. 4 shows distribution and integral curves showing pore 
distribution from 0 to 10 nm radius up to 30,000 to 50,000 nm of selected samples. 
     In terms of efficiency and quality of consolidation of degraded stone surface, the cohesion 
of surface layers of material – i.e. before and after consolidation – is an important 
characteristic. Scanning electron microscopy indirectly provides information on the degree 
of deposition of consolidating substances (i.e. lime) in a porous degraded stone system. 
Verification of consolidation was done using scanning electron microscopy on SEM Nova 
NanoSEM (FEI) (5kV electron voltage, TLD detector).  
     Prior to the electron microscopy, the samples were embedded with an epoxy resin and 
then gilded. In the scanning electron microscopy of the individual test specimens we can 
trace the deposition rate of calcium carbonate in the porous sample system, created new 
bonds (bridges) between the individual grains of the filler, and assess the resulting 
consolidated material, i.e. crystalline state in particular.  
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(a) 

 
(b) 

Figure 4:    The pore system of limestone elements: treated with nanosuspension Ca4. (a) 
Distribution curves of pores; and (b) Integral curves of the pore system. 

Table 2:   Pore distribution in stone units: limestone specimen treated with nanosuspension 
Ca4. (Source: Witzany, 2018.) 

Material: 
limestone 

Total 
porosity 

(%) 

Pore radius (nm) 

0–10 10–25 25–150 150–600 
600–
2,000

2,000–
7,500

7,500–
30,000 

30,000–
50,000 

before 2.1 7.15 28.11 11.65 5.65 1.55 6.7 23.19 15.95 

after 1.4 7.35 28.94 12.69 5.42 1.42 6.7 22.83 14.65 
Note: Due to the small number of samples (1 sample before and 1 sample after the application), the stated values 
should be considered as informative. 

3  RESULTS AND DISCUSSION 
The recorded penetration depth of newly prepared nanosuspensions on the tested samples 
reaches max. 15 mm (in case of nanosuspension Ca4), min. 7 mm (in case of nanosuspension 
CaMg1). At the same time, hardening of the degraded material to a depth of 7–15 mm did 
not result in an impermeable surface film with high diffusion resistance.  
     The distribution and integral pores and total porosity curves shows the assessment of the 
influence of nanosuspensions on the pore system (perform the prevailing proportion of 
pores). The proportion of predominant pores of a certain size ranged from about 25–80% for 
individual types of evaluated materials in the total porosity [11]–[13]. Experimental research 
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into the effect of nanosuspensions application on limestone porosity showed a change in total 
porosity due to used nanosuspension. For all used nanosols, the total porosity decreased 
between 1–9.5% of the total volume of the material and between 20% and 50% of the total 
pore volume. The total porosity of the limestone was 1% lower than in untreated materials.  
     The time needed for successful application of the tested amount of nanosuspension 
indicates a possible change of transport characteristics of the tested nanosuspensions within 
the stone specimen. The best results were obtained with the nanosuspension Ca4, the worst 
with nanosuspension CaMg1, where is significant accumulation of calcium hydroxide on the 
specimen’s surface.  
     The scanning electron microscopy has proved some small deposition of calcium carbonate 
crystals in the specimen. The best calcium carbonate crystals have been recorded in the case 
of the application of nanosuspension CA4. Conversely, the smallest consolidation rate shows 
a sample of CA4O, where very small amounts of newly formed crystals corresponding to 
CaCO3 were identified. 
     The microscopic investigation showed the enrichment on the surface by the calcium 
hydroxide also. 

4  CONCLUSION 
Nanosuspensions of calcium hydroxide in alcohols represent the possibility of an almost 
anhydrous preservation of historical lime-based stone elements. The indisputable advantages 
of prepared lime nanodispersions in alcohol include their material compatibility with the 
original building material (i.e. limestone in this case), the small size of the lime particles 
(which should have a positive effect on the penetration depth) without mobilizing soluble 
salts in the material.  
     Laboratory tests have shown the possibilities and limits of developed lime 
nanosuspensions for structural consolidation of some calcium materials, i.e. limestones from 
Beroun region. The main advantages of lime-based nanosuspensions include the formation 
of calcium carbonate as a consolidation product, i.e. the formation of a binder of the same 
composition as in the original material, and thus meet the requirement of material 
compatibility with the substance being treated. Also, no by-products are produced during 
consolidation. Therefore, it can be assumed that the consolidation with lime-based 
nanosuspension does not develop the risk of secondary material damage. 
     The effect of consolidation was tested on limestone specimens. The specimens were 
treated by newly developed nanosuspensions of calcium hydroxide and the investigation 
showed that a satisfactory penetration depth of the consolidant and hence effective structural 
consolidation in this case is limited by the low porosity of the material, better results can be 
expected in the case of coarse porous materials.  
     The results of the limestone sample consolidation laboratory tests can be summarized as 
follows: 

 Shallow penetration depth: the achieved penetration depth can be assessed as 
satisfactory for cases of shallow surface, not very developed, degradation of stone 
surfaces. 

 The accumulation of calcium hydroxide on the specimen’s surface after the 
treatment: the lowest ration was observed in case of nanosuspension Ca4, in the case 
of nanosuspension CaMg1was observed white deposition on the treated surface.  

 Due to the reduced porosity after the application of nanodispersions, it is possible 
to anticipate a decrease in water absorption and thus a reduction in the mobility of 
salts in the treated material. 
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 The scanning electron microscopy proved only small depositions of calcium 
carbonate in specimens, the best results were obtained in the case of nanosuspension 
Ca4. (To achieve a higher degree of consolidation, a larger amount of consolidation 
agent is required.) 

     In order to improve the characteristics of nanosuspensions as well as results of 
experimental tests, further development of the tested nanosuspensions will carry on, e.g. by 
addition of acetone or ethanol as a dispersion medium to improve the distribution of 
nanosuspensions in the consolidated material [14]. 
     Note 1: Certain dispersion of the measured values and thus the resulting characteristics 
is probably due to a certain deviation of the properties of the plaster at the individual supply 
points, the local moisture of the material, the unevenness of the plaster, the roughness, the 
rate of degradation of the surface and the manner of execution, in particular by pressing and 
the speed and the angle of tearing. 
     Note 2: The success of the firming process is influenced by a number of factors. Among 
the basic properties and parameters to be taken into consideration in the design of the 
reinforcement technology are: chemical and mineralogical composition of the reinforced 
material, strength of the material before consolidation, size and shape of the open pores, 
porosity, ion size, molecules or particles of the effective reinforcing agent in the stiffening 
the chemical composition and concentration of the active ingredient, the drying and 
hardening rate of the active substance in the reinforced substrate at the specific temperature 
and humidity conditions of the material and the ambient air. The knowledge of the above 
parameters is a good basis for the design of the reinforcement technology – type of 
strengthening agent, concentration of the active ingredient, method of application of the 
consolidant, number of repeated applications within one consolidation cycle, method of 
verification of the substrate after impregnation.  
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ABSTRACT 
Rehabilitation of historic buildings is a priority since their structural elements suffered from various 
levels of damage that took place during their service life. Recently, geopolymer is gaining acceptance 
as an emerging material in the construction industry due to its added advantages. It has shown excellent 
bond strength to concrete substrate, lower creep and shrinkage, greater durability in severe 
environments and higher temperature and fire resistance. Geopolymer is relatively new in the 
rehabilitation system of building structures, although it had been used for new construction applications. 
Therefore, an effort was made to gather information on the use of geopolymer as repair and 
strengthening material. This paper reviewed the structural performance of geopolymer-strengthened 
concrete elements and the field applications of geopolymer as strengthening material for historical 
buildings. Information from the literature revealed that the load capacity of the non-damaged and fully 
damaged reinforced concrete (RC) beam can be increased by 12% and 100%, respectively, when 
strengthened using plain geopolymer. It was found that short fiber-reinforced geopolymer (SFRG) 
strengthening system enhanced the peak load of RC beam by 15% while 370% if using continuous 
fiber-reinforced geopolymer (CFRG). To date, field applications of geopolymer strengthening system 
on historical buildings were limited, nevertheless this technique provided good structural performance 
making it suitable in the rehabilitation process. 
Keywords:  geopolymer, historical buildings, repair and strengthening, fiber-reinforced geopolymer. 

1  INTRODUCTION 
Historical buildings mirror the changes of the societies and cultural development, thus is 
important to be preserved for future generations. These buildings, whose structural elements 
are usually made of concrete or masonry, suffered various levels of damage that took place 
during their service life. Example of reinforced concrete (RC) modern cultural heritage with 
deteriorated structural members was documented in one of the studies [1]. Consequently, 
there is a need to rehabilitate them in maintaining their serviceability or accommodate  
the proposed increase of design loads. Recently, geopolymer started to gain popularity in the 
civil infrastructure industry as an emerging construction material due to its inherent 
advantages. Geopolymer is an inorganic alumino-silicate compound and synthesized through 
the process of geopolymerization [2]. It is considered an environmentally friendly alternative 
for cement since their production do not necessarily emit CO2. In addition, it has excellent 
bond strength to concrete substrate [3], lower creep and shrinkage, greater durability in severe 
environments and higher temperature and fire resistance [4]–[6] making it suitable as repair 
material for concrete and masonry structures. Due to its stability at high temperature, they 
can be a substitute to epoxy resins for structural retrofitting using externally bonded  
fiber-reinforced polymer (FRP) composites [7]. The precursor material in producing 
geopolymer is fly ash (FA), metakaolin (MK) and ground granulated blast-furnace slag 
(GGBS). Among these binding materials, MK-based geopolymer shown to have less 
impurities, exhibited good mechanical properties [8], easier control on the Si/Al ratio and 
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having a white color [9]. However, MK is relatively expensive since this material requires 
manufacturing through the process of calcination [10], as compared to FA and GGBS which 
are abundantly available in landfill sites [4], [9]. The most common alkaline solution that is 
suitable to activate FA, MK or GGBS is a combination of sodium silicate (Na2SiO3) and 
sodium hydroxide (NaOH). The combination of potassium silicate (K2SiO3) and potassium 
hydroxide (KOH) can also be used for MK [11] or for combined precursor material [12]. 
     Geopolymer is relatively new in the rehabilitation system of building structures, although 
it had been applied in new construction in the infrastructures, nuclear waste disposal and 
aerospace industries [13]. In addition, its material properties had been thoroughly 
investigated but little research had been done on its performance as repair material at the 
structural level. Therefore, an effort was made to gather relevant information on the use of 
geopolymer as repair and strengthening material. This paper aimed to present the structural 
performance of concrete elements repaired or strengthened by geopolymer materials. The 
recent application of geopolymer in rehabilitating historical buildings or other civil 
infrastructures is also presented. It is hoped that the information obtained in this paper 
contributes in the development of guidelines of geopolymer as rehabilitation material for 
historical buildings. 

2  PERFORMANCE OF GEOPOLYMER-STRENGTHENED CONCRETE BEAM 
Several researches were conducted to characterize the behavior of concrete beams 
strengthened by geopolymer (i.e., plain and fiber-reinforced geopolymer). Table 1 
summarizes the studies and their corresponding results on non-damage to totally damaged 
RC beams strengthened by plain geopolymer (PG).  

Table 1:  Summary of studies on plain geopolymer (PG)-strengthened RC beam. 

Spec. dimension 
(bxhxL, mm) 

Strengthening 
method 

Brief research findings Ref. 

150x150x500 

In situ casting of  
25 mm thickness 
PG repair layer 
placed along the 
middle beam soffit 
(total of 130 mm 
repair length).

 Flexural strength of repaired RC 
beams is 12% higher than the  
control beams. 

 Repair technique reduced the flexural 
and shear cracks crack distribution in 
the beam. 

[14] 

150x200x2000 

Application of 
repairing PG paste 
and mortar for 
damaged RC  
beams using 
syringe and trowel.

 Ultimate load of repaired beams is 
11–98% higher than the control beam. 

 Ductility of the geopolymer-repaired 
beams were higher than the control 
and cement-based repaired beams. 

[15] 

100x150x1500 
or 
100x200x1500 

In situ casting of 
100–150 mm thick 
PG repair layer as 
replacement of 
concrete portion at 
the middle of the 
RC beam. 

 Repaired beams attained 75–100% of 
load attained by the control beam. 

 Crack patterns of the retrofitted 
beams and control beams are similar 
whereby the first crack occurs at  
the tensile side (i.e. flexural crack) 
followed by inclined crack due  
to shear.

[16] 
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     The comparison on the peak load performance of the strengthened beams investigated in 
these studies is also shown on Fig. 1. It can be observed from Fig. 1 that the strengthening 
system was able to improve the load performance of the RC beam at varying levels. For 
instance, in the study of Geraldo et al. [14], an increase of 12% in the peak load was reported 
on an undamaged RC beam strengthened by PG. Likewise, PG repair system increased the 
peak load of a partially damaged RC beam by 11% [15]. On the other hand, the peak load of 
fully damaged RC beam strengthened by PG can be restored between 75–100% of load 
attained by the non-damaged RC beam [15], [16]. By looking on these findings, it can be 
inferred that the effectiveness of PG rehabilitation system and load capacity of the 
strengthened RC beam has dependency on the initial damage level induced on the member. 
Therefore, in order to restore the existing RC beam to its functional use, it is recommended 
that the rehabilitation using PG material should be done at the initial stage of damage, as 
emphasized in the study [15]. With regard to the ductility and rigidity of the PG-repaired RC 
beams, it was reported that they exhibited better performance compared to that of the control 
specimens [14]. One common observation highlighted from these studies is that the failure 
type of PG-strengthened RC beam is similar to that of the control RC beam whereby the  
first crack usually occurred at the tensile side (i.e. flexural cracks) followed by inclined  
crack due to shear. 
 

 

Figure 1:  Peak load performance of plain geopolymer-strengthened beam. 

     Table 2 and Table 3 display different studies on RC beams strengthened by short  
fiber-reinforced geopolymer (SFRG) or continuous fiber-reinforced geopolymer (CFRG) 
composites. Figs 2–4 are provided to compare the cracking load, peak load and ductility 
performance of the two geopolymer-based strengthening systems. Fig. 2 indicates that SFRG 
system significantly improved the initial cracking load response of the strengthened beam. 
The reported increase of the SFRG-strengthened RC beam compared to the control beam is 
in the range of 8–83% [17]–[19]. This significant increase is due mainly to the fiber bridging 
effect provided by the short fiber-reinforcement that deter or avoid the formation of cracks 
on the RC beam. The cracking load capacity of the repaired material is considerably 
important since it controls or avoid the propagation of cracks in the concrete structure, 
thereby mitigating the occurrence of re-deterioration of the repaired structural member. The 
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effectiveness of this strengthening system to shield further corrosion of the RC beam had 
been demonstrated in the study of Al-Majidi et al. [17] in which a 50 mm thick SFRG overlay 
increased the cracking load by 63% compared to non-strengthened RC beam. Similarly, 
CFRG strengthening system also enhanced the cracking load performance of the RC beam 
as shown in Fig. 2. The cracking load value is in between 3–34% of load attained by the  
non-strengthened RC beam using this strengthening system [20]–[22]. Comparing with the 
steel and carbon chord-based CFRG-strengthened RC beam, it was found that the former 
provided a higher cracking load value than the latter because of a better bonding between 
steel/geopolymer than carbon/geopolymer [20]. It is worth noting that the cracking load 
performance of SFRG-strengthened beams is much better than the CFRG-strengthened 
counterparts, indicating the effectiveness of the SFRG especially in protecting the repaired 
structures from re-deterioration.  

Table 2:  Summary of studies on SFRG-strengthened RC beam. 

Spec. dimension 
(bxhxL, mm) 

Strengthening 
method 

Brief research findings Ref. 

100x200x2400 

In situ casting of  
25 mm or 50 mm 
thickness SFRG 
repair layer placed 
along the 
longitudinal 
direction of the 
beam soffit.  

 First cracking load of repaired RC 
beams is 24–63%, higher than the 
control specimen. 

 Increase of repair thickness did not 
increase the ultimate load capacity 
of the strengthened beam.  

[17] 

100x150x2000 

In situ casting of  
30 mm thickness 
SFRG repair layer 
placed along the 
longitudinal 
direction of the 
beam soffit.  

 Ultimate load of repaired RC  
beam 7–12% higher than the  
control specimen. 

  Ductility of repaired RC beam  
is 71–263% higher than the  
control specimen. 

[18] 

150x230x1800 
or 
150x260x1800 

In situ casting of  
60 mm or 90 mm 
thickness SFRG 
repair layer (with 
and without overlay 
steel bars) placed 
along the 
longitudinal 
direction of the 
beam soffit.  

 First cracking load of repaired RC 
beam is 63–83% higher than the 
control specimen. 

 Ultimate load of RC beams repaired 
with a 60 mm and 90 mm thickness 
is 3% and 1%, respectively higher 
than the control specimen. 

[19] 
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Table 3:  Summary of studies on CFRG-strengthened RC beam. 

Spec. dimension 
(bxhxL, mm) 

Strengthening 
method 

Brief research findings Ref. 

400x200x3800 

External bonding 
of FRG (steel and 
carbon cords) 
repair layer 
placed along the 
longitudinal 
direction of the 
beam soffit. 

 Ultimate load of FRG-strengthened 
beams is 8%–102%, higher than the 
control specimen. 

 Geopolymer matrix provided good 
adhesion to concrete substrate and  
steel cords.  

[20] 

100x150x1220 

External bonding 
of 2–3 mm FRG 
(steel cords) 
repair layer 
placed along the 
longitudinal 
direction of the 
beam soffit. 

 Ultimate load of steel-based FRG 
strengthened beams is 5–29% higher 
than that of the control specimen. 

  No delamination was observed 
between the composite matrix and 
concrete substrate.  

[21] 

150x250x3000 
or 
150x400x4800 

In situ casting of 
CFRG (stainless 
steel strip IRS) 
repair layer and 
external bonding 
(EB) placed along 
the longitudinal 
direction of the 
beam soffit. 

 CFRG-strengthened RC beams had an 
increase of the ultimate load from 16% 
(EB) up to 30% (IRS), compared to the 
control RC beams. 

 IRS solution provided a better  
ductile behavior than the traditional  
EB technique. 

[22] 

200x300x3000 

External bonding 
of FRG (carbon 
fabric) repair 
layer placed along 
the longitudinal 
direction of the 
beam soffit. 

 Failure load of CFRG-strengthened 
beam is 13–54% higher than the  
control beam. 

 CFRG strengthened beam failed by 
composite ruptures even when five 
layers of fabric was used. 

[24] 

200x400x3000 
or 
250x400x5300 

External bonding 
of FRG (basalt 
and carbon 
fabrics) repair 
layer placed along 
the longitudinal 
direction of the 
beam soffit.  

 Ultimate load of strengthened beams 
using 1 and 2 layers of carbon-based 
FRG is 20% and 41%, respectively, 
higher than that of the  
control specimen.  

  Carbon-based FRG system can provide 
good strengthening effectiveness on RC 
beams at ambient temperature.

[25] 
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Figure 2:  First cracking load performance of FRG-strengthened beam. 

     Just like the results for cracking load performance, FRG strengthening systems increased 
the peak load response of the repaired RC beam (Fig. 3). The peak load value of the RC  
beam strengthened by 25–90 mm thickness SFRG is 1–15% of the load achieved by its  
non-strengthened counterpart. This load increment is attributed due to the enhanced stress 
strain characteristics of the FRG composites that was positioned on the tensile side of the 
repaired beams leading to the increase in its tensile strength.  
     However, the increase of thickness of the repair material does not significantly change the 
value of the peak load since theoretically it does not affect the stress strain distribution at  
the tensile side of the specimens [17]. This phenomenon had been observed in some of the 
studies on the flexural behavior of SFRG-strengthened RC beams [17], [19]. On the other 
hand, the beam strengthened by CFRG system demonstrated a higher peak load value ranging  
from 20–200% than the control beam. This excellent peak load performance is credited to 
the better bond response between the CFRG composites and the concrete substrate as  
evidenced by the composite rupture-type failure instead of delamination, as was observed on 
the strengthened RC beam.  
     This rupture-type failure mechanism is attributed due to the brittleness of the inorganic 
matrix (i.e., geopolymer) that results in local crack formation in the composites and a 
minimum build-up of strain along the interface of the composite and concrete [23]. Literature 
showed that adhesion between CFRG and the surface of the repaired RC beam can still be 
effective even up to five layers of geopolymer-immersed fabric is used [24]. Comparing  
with different fiber materials in CFRG strengthening system, [20] reported that using steel 
chords could increase the peak load value of the repaired RC beam by 100% than when  
using carbon fiber chords.  
     The relatively lower performance of the carbon-based CFRG material is owed to the poor 
adhesion between carbon and geopolymer brought by the sizing of the used carbon fibers 
[20]. Nevertheless, geopolymer shown to have better performance to bond carbon fabrics to 
concrete substrate compared to organic polymers such as epoxy [24], [25]. One can observe 
in Fig. 3 that SFRG-strengthened beam has relatively smaller peak load value than those 
strengthened by CFRG system, nonetheless it can still be considered as an effective method 
to enhance the load carrying capacity of the existing RC beam.  
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Figure 3:  Peak load performance of FRG-strengthened beam. 

     Fig. 4 compares the ductility performance of SFRG and CFRG-strengthened RC beam 
with reference to the control specimen. Note that the ductility values reflected in the figure 
were taken as the ratio of mid-span displacement or deflection at failure and yield points, 
respectively, of the tested strengthened beams. Fig. 4 shows that SFRG strengthening system 
enhanced the ductility of the RC at varying intensity. Applying a 25 mm thick SFRG repair 
material improved the ductility value of the RC beam by at least 7% [17]. On the other hand, 
using 30 mm thick SFRG repair layer increased the ductility of the strengthened RC beam 
by 360% [18]. Generally, the increase in ductility would also result to higher toughness or 
energy absorption capacity of the strengthened beams. Toughness of the composites as repair 
material is very important especially if the structure is under dynamic loadings (i.e., seismic, 
impact or blast). SFRG composites are known to have excellent toughness properties and 
therefore they are suitable as strengthening material in this specific application.  
 

 

Figure 4:  Ductility performance of FRG-strengthened beam. 
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     In contrast, the CFRG strengthening system generally exhibited a negative effect to 
enhance the ductility of the repaired RC beam as can be seen in Fig. 4. However, the  
result obtained by Papakonstantinou and Katakalos [21], is different on the majority of  
the CFRG-strengthened beams studies on ductility whereby using 3 mm thick steel  
cord-based CFRG composites is 9% higher than the non-strengthened RC beam. Although 
CFRG strengthening system commonly does not enhance the ductility, it can improve  
the stiffness of the repaired RC beam. For instance, the stiffness of the beam strengthened  
by carbon and steel cord-based FRG is 5% and 18%, respectively, higher than the  
non-strengthened beam [20]. The failure type of SFRG-strengthened RC beam is mostly 
dominated by formation of finer and multiple cracks (diffused cracks) resulting from fiber 
bridging effect as compared to conventional RC beam exhibiting a fewer number of cracks 
but with larger crack width. On the other hand, CFRG-strengthened RC beams mostly failed 
by composite ruptures. They also showed to have closely spaced, multiple cracks but smaller 
crack width compared to their non-strengthened counterparts.  

3  PERFORMANCE OF GEOPOLYMER-STRENGTHENED CONCRETE COLUMN 
The studies on geopolymer-strengthened-concrete column with their corresponding findings 
are listed in Table 4.  

Table 4:  Summary of studies on geopolymer-strengthened concrete column. 

Spec. dimension 
(Dia.x L, mm)

Strengthening 
method 

Brief research findings Ref. 

140x460 

In situ external 
jacketing of 30 mm 
thickness steel or 
glass FRG  
layer placed 
circumferentially at 
the specimen 

 Compressive strength of 
geopolymer-jacketed specimen is 
2.3–2.9 times higher than the 
control specimens 

 Ductility of geopolymer-jacketed 
specimen is lower than specimen 
wrapped by carbon/epoxy and 
cement-based matrix

[26] 

100x200 

In situ external 
jacketing of 25 mm 
thickness steel-
ferrocement FRG 
layer placed 
circumferentially at 
the specimen 

 Compressive load capacity of 
FRG-strengthened cylinder is  
19–31% higher than the  
control specimen. 

 Monolithic failure mode was 
obtained as a result of a strong 
adhesion between the geopolymer 
and concrete core. 

[27] 

150x300 

In situ external 
jacketing of carbon 
sheets FRG  
layer placed 
circumferentially at 
the specimen 

 Compressive load capacity of 
FRG-strengthened cylinder is  
16–72% higher than the  
control specimen. 

 Failure modes of confined 
cylinders with two layers of 
carbon fiber sheets changed from 
slippage to fiber rupture failure. 

[28] 
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     In addition, Fig. 5 is shown to compare the effect of the SFRG and CFRG strengthening 
systems on the peak compressive strength of the column. It can be observed from Fig. 5 that 
both systems enhanced the compressive strength of the member, more significantly when 
using SFRG-strengthening method. In the study of Donnini and Corinaldesi [26], it was 
reported that using 30 mm thickness of glass-based or steel-based SFRG jacket increased the 
compressive strength of the specimen by 230 and 290%, respectively. It was also revealed 
that the compressive strength of SFRG-repaired specimen is 63–86% higher than those 
specimens strengthened by continuous FRP-epoxy system [26]. Also, SFRG-strengthened 
specimen outperformed FRP-cement mortar (FRCM)-wrapped specimen in terms of 
compressive strength by 61–69%. Comparing with the ductility behavior of the three 
different systems, concrete columns strengthened by SFRG composite system is less ductile 
than when using FRP and FRCM systems. The failure mode of SFRG-strengthened columns 
is characterized by complete breakage of the external mortar detaching from the internal 
concrete element. Fig. 5 also shows that steel CFRG-strengthening system increased the peak 
compressive load of specimen by 19–31% [27] or 16–72% if using carbon material [28]. This 
enhancement is resulted from a combination of the confinement effect and compressive load 
resistance provided by the CFRG strengthening system transferred to the concrete core 
through bonding. The common failure mode of the CFRG-strengthened column is crushing 
of concrete core and fiber rupture indicating a strong adhesion between the geopolymer and 
the concrete core [27], although slippage failure between geopolymer and carbon fiber sheet 
may have occurred in the lap joint [28]. To date, studies characterizing the structural behavior 
of FRG-strengthened are only limited to RC beams with few on small-size columns. It would 
be more worthy to investigate the structural behavior of other components in building 
structures such as slabs or wall strengthened by geopolymer material.   
 

 

Figure 5:  Compressive strength performance of SFRG and CFRG-strengthened column. 

4  FIELD APPLICATIONS OF GEOPOLYMER STRENGTHENING SYSTEM TO 
HISTORICAL STRUCTURES 

Investigations on the application of geopolymer as strengthening material for historical 
landmarks had been reported. Bencardino et al. [1] conducted a study on the performance of 
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stainless steel strands embedded in a geopolymer matrix to strengthen modern heritage 
buildings located in Cosenza, Italy. These RC structures shown to have structural deficiencies 
on their elements as characterized by massive concrete cracking. The result of the study 
showed that the geopolymer strengthening system could improve the loading capacity of the 
beam element by 30%. Meanwhile, carbon-based SFRG was used as an innovative cathodic 
protection (CP) system on historical steel framed buildings. This system was first applied at 
Leeds Civic Hall, a magnificent steel-framed, Portland stone clad Grade II-listed building 
that was built in 1933 [29]. The installation, comprising both the conductive geopolymer and 
a conventional rod anode CP system, was placed at the rear façade. Monitoring of the system 
showed that the geopolymer CP system achieved effective protection to the steel frame as 
the conventional CP system. Likewise, SFRG CP system was installed at the main entrance 
in a historic Kansas City building, Missouri, USA that was built in 1906 [29]. Although the 
facade remained in good condition, by the start of the new millennium it was showing signs 
of corrosion to the steel frame and cracking of the granite at the grand main entrance. The 
result of the study demonstrated that the installation of the geopolymer CP system shown 
satisfactory protection results to the steel frame and continue to operate effectively. In other 
applications, SFRG composites were recently used as strengthening system for deteriorated 
concrete pipes and culverts. For instance, FRG mortar was spray-applied to repair a fully 
deteriorated reinforced concrete pipe (RCP) main sewer in Texas, USA [30]. The pipe for 
repair is 49 m. long with 1.5 m diameter and located at a depth of 7.6 m from the natural 
ground. In addition, SFRG strengthening technique was used to rehabilitate large diameter 
concrete pipe, concrete sewerage manholes, rectangular concrete box culverts and storm 
water corrugated culvert [31]. All of these structures were repaired using spraying-technique 
of SFRG mortar having a thickness in the range of 25–50 mm. SFRG composites was also 
used to rehabilitate a water dam in Thüringen, Germany [32]. The repair mortar contained 
2% by volume of PVA fiber (12 mm long and a diameter of 40 μm in diameter) with fly ash 
as the geopolymer precursor.  

5  CONCLUSIONS 
This paper reviewed the structural performance of geopolymer-strengthened concrete and the 
recent field applications of geopolymer as strengthening material. Literature revealed that  
the load capacity of the non-damaged and fully damaged RC beam can be increased by 12% 
and 100%, respectively, when strengthened using plain geopolymer. It was found that SFRG 
strengthening system could enhanced the peak load of RC beam by 15% while 370% if using 
CFRG system. SFRG-strengthened beams exhibited higher ductility performance than 
CFRG-strengthened and control beams. It was also revealed that using SFRG and CFRG 
strengthening systems improved the compressive strength of concrete column by up to 290% 
and 72%. Geopolymer strengthening system had been already applied in historical buildings 
and other civil structures such as concrete culverts and dam improvement.  
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VALUE OF WISDOM THROUGH EXPERIENCE: 
SUSTAINABLE HERITAGE 

CHRISTOPHER J. HOWARD 
The Catholic University of America, USA 

ABSTRACT 
Architectural heritage, like cultural heritage, is a very nourishing resource, providing meaning and 
wisdom from experience for the next generation. Without heritage, alienation, apathy and ignorance 
take hold. Human beings thrive from connections between past, present, and future. Yet, today, the 
field of architecture suffers from a lack of connection to the past. Effects from this can be seen in issues 
that face the field of architectural heritage, manifest through indifference, ignorance and neglect. 
Architecture in the past, built upon architectural heritage, both figuratively and literally. Design relied 
on precedence through documentation and analysis. Existing architecture found new life through 
adaptive reuse. There was a very comfortable and familiar interaction between old and new. Today, 
little reference or reverence is given to the past. This approach disengages with heritage, creating a 
chasm between old and new. The need for architectural heritage has become one dimensional, with a 
less compelling reason to care beyond an appreciation for what was once deemed valuable. These 
structures become artifacts of nostalgia in a museum culture. How did we get to a point where 
architectural heritage mattered so little? It is worth examining the trajectory of and forces behind this 
development, as well as the current state of architectural education. A review of the 128 accredited 
schools of architecture in the United States, show that there are only 22 schools of architecture that 
have a historic preservation component of the curriculum, and only 3 of those schools teach traditional 
design as a continuum from the past. Architecture schools must invest in heritage as an educational 
resource and engage with preservation. Through documentation, analysis and history, to learn aesthetic, 
construction and cultural lessons, the next generation may lead the way toward increased appreciation 
and reconnection with our architectural heritage. 
Keywords:  resource, wisdom, experience, connection, architectural education, tradition. 

1  INTRODUCTION 
It is always rewarding to hear a good story from your grandparents about your background. 
To hear more about what makes you, you. Receiving wisdom from them is just as rewarding. 
You know they have been through trials in their life and now out of love for you, are 
compelled to help you navigate the future more successfully. Cultural heritage, like 
genealogical heritage, can be a very rewarding and nourishing resource in this same way, by 
providing both memory and practical meaning as a necessary part of our human experience 
in living with one another across time and space successfully.  
     One of the most evident sources of cultural heritage is that of our built environment, 
replete with tangible manifestations of our cultural experiences. This substantial provision 
merits our appreciation in knowing what it has to offer. Our architectural heritage can remind 
us of cultures past through association, it can represent something of historical importance 
like an event, and it can show us how to build and design well. Our built culture can teach us 
about who we were, who we are, and who we want to be.  
     Like a good story, we are drawn to our architectural narrative. We visit high frequency 
tourist locations in historic centers, not because it is merely our past, but because there is 
something good and worthy there (Fig. 1). It is not just that it is old, but that it is successful. 
It conveys a lesson and a story of cultural meaning that we can relate to as a connected 
member of society. In order to understand its true value, we must choose to cultivate a good 
and connected relationship with architectural heritage. 
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Figure 1:    Brugge, market square. (Source: Cavalier JY – Photos personnelles, CC BY 3.0, 
via Wikimedia.) 

     It should be clear that conserving our built heritage is a cultural imperative. We should 
want to extract as much value from it as possible and understand our role in space and time 
as part of a link from that past, through us to the future. A figurative passing of the torch 
occurs in this relationship, where we have the opportunity to leave our own mark of 
interpretation and not just preserve for posterity: challenge assumptions, be critical, but 
appreciate and rely on good work, already done well, for our sake.  
     A denunciation of this heritage on the other hand, leaves a void. What fills that void is 
alienation, ignorance and apathy. “I don’t relate as much as I have, and therefore I don’t know 
as much about, consequently I don’t care as much as I did”. These attitudes then 
understandably set up an antagonistic relationship towards the object of inheritance. If this 
attitude prevails without a “hand off”, the connection to the source is severed and ultimately 
dies. Apathy, born from disregard for built heritage, is exactly what gave rise to the 
preservation movement. Preservation became an explicit reaction against acts that are 
incongruent with cultural sustainability, whether, intentional or not. The neglect and 
ignorance of our valued built heritage is in effect an act of cultural violence, and loss. 
     While there have been great strides and exceptional outcomes as a result, there seems to 
be a trajectory of continuing systemic apathy and ignorance about heritage architecture. It 
can be seen in callous development projects, insensitive architectural interventions and 
preservation malpractice. With such a well-established and supported preservation culture 
today, how can this be?  

2  OUR CULTURES 
In looking at relevant aspects of our built heritage to help answer this question, we should 
understand the broader cultural climate, as it is always connected to its physical 
manifestation. Compared to traditional society our current culture has shifted its focus in 
meaningful ways as a post-industrial society that can generally be described as: pluralistic, 
autonomous, spread-out, consumerist, technologically advanced/virtual, bureaucratic, and 
“modernist”. These traits certainly have an impact on our collective perspectives about our 
built heritage. Arguably, the most conspicuous effect is our post-industrial consumerist 
preoccupation with the novelty of the “new” at the expense of the “old”. The result is 
development apathy, satiating those broad cultural desires, by the destruction of historic 
buildings and places.  
     However, for the purposes of this paper, I concentrate only on the relevant subjects of 
architecture, preservation and education, where direct stewardship of our built environment 
is expected. American preservationist James Marston Fitch correctly identifies this as an 
issue. “This revolutionary reversal of man’s historic relationship to the environment suddenly 
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imbues all material evidence of the human past with new significance…but it is an issue of 
special poignancy to those who are entrusted with the care of the artistic heritage” [1]. The 
issues of heritage culture today go well beyond technical aspects of preservation, and warrant 
shedding light in both architecture and preservation worlds in order to enact needed 
meaningful change.  

3  ARCHITECTURAL CULTURE 
From the inception of architecture up to the “modernist” era approximately 100 years  
ago, architecture was just architecture. Today, the pre-modernist culture of building is called 
“traditional”, as in “to pass on”. Traditional architectural culture accumulated a knowledge 
of building based on roughly 4,000 years of experience. These experiences were always 
forward-looking in trying to develop the best practices for human habitation and flourishing.  
     This passing on from culture to culture, through time, results in an inherently sustainable, 
timeless, universal and accessible architecture. Traditional architecture responds to the 
essential needs of “architecture” in service to human beings, from the most basic pragmatic 
purpose of providing shelter, to more nuanced usages per building type, to best construction 
practices, to imbuing buildings with a transcendent purpose through language and natural 
aesthetic principles of objective beauty.  
    The traditional architectural aesthetic is best described as a compositional language, using 
vocabulary, syntax, diction, and decorum to compose ordered artful buildings that seek to 
discover and imitate beauty found in nature. These principles are well represented through 
the ancient architectural theorist Marcus Vitruvius Pollio who cited: firmness, commodity 
and delight, as the ingredients for good building and further for good architecture, a need to 
accommodate order, arrangement, proportion, symmetry, decorum and economy [2]. 
Urbanistically, the outcome is that of buildings that are in dialogue as parts of a larger, 
unified, harmonious whole (Figs 2 and 3). In short traditional architecture can be defined as 
“that way of building which makes serious use of the familiar symbolic forms of a particular 
culture of a particular people in a particular place” [3]. While the vast majority of the 
architectural world today is of the modernist aesthetic, there is a smaller contingent of 
traditional modern practitioners designing and building today, participating in a continuation 
of traditional culture.  
 
 

(a) (b)

Figure 2:    (a) Edwin Lutyens’ Broughton Memorial Lodge. (Source: WyrdLight.com, CC 
BY 3.0, via Wikimedia); (b) Piazza del Campo. (Source: Ricardo André Frantz - 
Own work, CC BY-SA 3.0, via Wikimedia.) 
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(a) (b)

Figure 3:    (a) Mies Van der Rohe’s Farnsworth House. (Source: David Wilson); (b) City of 
Brazilia. (Source: Governo do Brasil – Portal da Copa, CC BY 3.0, via 
Wikimedia.) 

     Contemporary architectural culture is largely influenced by “modernist” architecture. This 
approach to architecture, developed in the early 20th century, was an attempt to reflect the 
cultural climate of the time, introducing an architecture that was wholly new as a complete 
departure from all architecture of the past. Where traditional windows were tall and vertical, 
modernist windows will be wide and horizontal. This architecture intended to not only 
present a new architecture but was also determined to supplant tradition to a point of being 
irrelevant. The impact of this architectural revolution was fast and pervasive. One of the 
pioneers of modernism, Le Corbusier, directly describes this initiative. “A great epoch has 
begun. There exists a new spirit. There exists a mass of work conceived in the new spirit; it 
is to be met with particularly in industrial production” [4]. 
     The aesthetic character of modernist architecture is antithetical to tradition and can 
generally be described as trying to achieve a “machine aesthetic” with heavy emphasis on 
technological influence in being clean, systematized, functional, pure and devoid of human 
reference. “A house is a machine for living in” (Le Corbusier [4]). Without standard design 
principles, there are no “rules” per se, which results in the arbitrary and abstract. Modernist 
architecture is generally spare without ornamentation or detail, and therefore relies on the 
form for expression. It does not have an established language and for that reason tends to 
stand on its own, as an autonomous self-referential creation regardless of context. There is 
also a sense of employing emotion as means of being compositionally compelling, from 
eliciting discomfort through discordance, or awe through sublime indifference to gravity. 
Modernist architecture is also intrinsically ephemeral or anachronistic as the “spirit of the 
age” dictates that all creations be completely original all the time [5].  
     Modernist urbanism is consistent with the aims of its architectural approach in that it is 
whatever “traditional” is not. Modernist urbanism does not attempt to create harmonious 
integrated space defining public areas, but rather imagines architectural space as infinite  
and fluid. 

4  PRESERVATION CULTURE 
It is a natural social inclination to preserve, something we have been doing from the 
beginning. As time and experience pass, more heritage accumulates, and what follows, is a 
conscious effort to retain value. One of the earlier occurrences can be found in ancient Rome 
with a multitude of accumulated monuments and memorials coated with a thick layer of 
meaning, as symbols of the ethos of Rome. Rome restored monuments and repurposed 
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buildings from the past to keep them “alive”. Emperor Theodoric called for the repair and 
conservation of imperial buildings by allowing for their adaptive reuse. “Keeping them 
(monuments) in use forestalls the decay of old age” [6]. This cultural instinct continued into 
the middle ages by repurposing old parts and on to the renaissance where Ancient Rome 
became a wellspring to study and learn from, in an effort to re-present classical architecture 
with a modern interpretation. Similar traditional societies developed a variety of techniques 
to preserve their architectural inheritance, all with the common cause of conserving a deeply 
rooted connectedness across time and space, where old and new were members of a family.  
     Traditional architectural heritage rests on the idea of how existing buildings can continue 
to be of use. Because of this approach, there is a developed knowledge base about how best 
to treat heritage whether to restore, renovate, add onto, or build around. This familiarity, also 
allowed buildings to perish, knowing that they would likely be replaced by something similar, 
new and perhaps better, as in an ecological cycle of life. 
     Current day preservation practice can trace its roots back to the 19th century. Two main 
figures are helpful in understanding the breadth of theories in how to deal with built heritage. 
On one end is Viollet Le Duc, sympathetic to the idea of heritage being a part of a living 
tradition in attempting to engage with the subject as a work of art through renovation and 
restoration. “To restore an edifice means neither to maintain it, nor to repair it, nor to rebuild 
it; it means to reestablish it in a finished state which may in fact never have existed before at 
any given time” [7]. If parts of the original design were not known through documentation, 
then it made sense to rely on well informed conjecture to restore “in a manner suitable to its 
own integrity” [7]. One can imagine the human body as an analogy to this method. If a body 
part were lost, you would restore it with “like” part, in order to make it whole again. John 
Ruskin represented the other end of the spectrum, with a more deferential approach to 
preservation. His philosophy was one of curatorial repair, anything beyond that, was an act 
of destruction. “We have no right whatever to touch them. They are not ours. They belong 
partly to those who built them, and partly to all the generations of mankind who are to follow 
us” [8].  
     The current state of preservation is more aligned with the Ruskinian approach. This is, in 
part, due to the current state of architectural culture and its relationship with built heritage. 
This awkward relationship lacks the ability or desire to connect, but rather a desire to distance 
and contrast as much as possible. With this attitude, architectural heritage is not something 
to be developed, but rather just an artifact or relic, meant to stay in the nostalgic past. The 
focus on empirical authenticity and scientific embalming of heritage, can be explained by  
the specialization of the preservation practice that consists largely of non-architects, and as 
such severely limits any conversation about architectural design value within the field. In the 
Venice Charter, the preeminent international source for preservation, we see a clear directive 
that reinforces these tendencies of contrast, and containment. Article 9 of the Charter 
addresses both issues.  
     To restrict intervention (or the Viollet le Duc approach), the charter states that any 
treatment “must stop at the point where conjecture begins” [9]. Differentiation is reinforced 
by a decree that additions to historic buildings need to bear a “contemporary stamp”, which 
can easily be interpreted as “modernist”. In short, preservation practice today, has become 
more about a subject merely for studying and keeping and less about being full, active, and 
inclusive member of the built environment. 

5  ARCHITECTURE AND PRESERVATION CULTURES COLLIDE 
What should be gleaned from these comparisons of architecture and preservation culture is 
that something has been lost. When comparing traditional and modernist architectural 
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cultures the dichotomy is unavoidable, where the loss is not that there is a new way of 
thinking about architecture, but that it is at the expense of the other. The difficulty that this 
presents is simply that there is substantial disregard for the full value of inheritance, which is 
largely traditional. It should not be a surprise then, with the pervasive ideology of modernism 
in the architectural profession and schools, that heritage has taken a hit, due to detached 
engagement that sets up an irreconcilable relationship with the past. 
     Traditional architecture is severely hampered by substantial loss over the last century. 
What contemporary traditional architecture can offer today, is hope. A willing inheritor of 
traditions of the past, building next to the old and establishing a more compatible relationship 
once again. In this way the language and culture of traditional heritage can be passed on for 
continued reinterpretation and improvement, as a living didactic of traditional heritage. “It is 
an important feature of traditions that they adapt and change. So, while change accelerates 
so should the adaption of traditions as a matter of importance to all of us. If change occurs 
without the transmission of culture, then culture itself dies; culture cannot be created anew 
every day. The evolutionary nature of tradition is something often ignored by supporters and 
opponents alike. It is important that history – that which measure our distance from the past 
– is not confused with tradition – the past living through us” [10]. 
     Born of good intentions, the preservation movements’ efforts to document, discover, and 
use technology to record, are impressive. However, the current trend compromises these 
efforts. The dictates to have a strict non-interventionism policy and a “contemporary stamp”, 
sets up an isolationist and adversarial, relationship with the past, which is inherently contrary 
to the preservations overarching cause. Due to the perception that traditional architecture is 
irrelevant, and essentially dead, we are certain to see an increase of apathy, ignorance and 
marginalization of heritage.  
     Within this prevailing context, the need for architectural heritage becomes one 
dimensional, with a much less compelling reason to care for heritage beyond an appreciation 
for what was once deemed culturally valuable. The general appreciation for the past and 
memories it invokes is of value for sure, but it does not sufficiently tap into the substantive 
value of the resource. “This application of historical or archaeological methodology to living 
buildings and places is like the study of wildlife through taxidermy. It has the effect of turning 
living organisms into dead specimens and takes away the life that made them worthy of study 
in the first place” [11]. 
     Today’s culture speaks loudly and clearly with a conviction that environmental 
sustainability is more than a worthy endeavor, but a necessary one. Our world is given to us 
as a resource, and as such we are responsible for being good stewards. Our built environment, 
like our natural environment, is a valuable resource that we need to protect in order to restore. 
Some of the lessons that have been learned and utilized in traditional building cultures are 
very much literally sustainable in terms of, durability, flexibility – through adaptive reuse, 
use of natural materials with low embodied energy, geographic settlements being built on a 
smaller footprint of land, and other naturally sustainable traditional building practices. The 
cultures that produce these buildings have something to say to us in the present about how 
best to sustain. In these ways, environmental sustainability and heritage are inextricably 
linked through a common cause of conservation. 

6  A PATH FORWARD: TO CONSERVE AND EDUCATE 
What we know is that there continue to be issues with the protection of built heritage that is 
likely manifest through our attitude toward built heritage. We are simultaneously discarding 
the culture of heritage while seeking to prop up its creation. If we are able to acknowledge 
that there is a connection between our current attitude and its vulnerability, then we need to 
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look at ways to restore our relationship with the past in order to move beyond preservation 
for preservation sake, into the future.  

6.1  Conservation vs. preservation 

In a book entitled “The Future of the Past”, Professor Steven Semes, makes a compelling 
proposal that offers a path forward. Through critical analysis of historic preservation theory 
and practice, he recognizes the issues of incongruity between current architecture and 
preservation culture with the past. His response is to propose an optimistic paradigm shift 
through something he calls “A Conservation Ethic”. The conservation ethic is a perspective 
that uses the term conservation meaningfully in comparing it to the conservation of Natural 
resources, where the resource is not presumed dead, but alive and worth keeping so. “The 
conservation ethic does not mean a ban on change; rather, it means the management of change 
to avoid unnecessary loss. Conservation is tied to the concept of culture, which, as Hannah 
Arendt reminded us, is of Roman origin, deriving from colere – ‘to cultivate, to dwell, to take 
care, to tend and preserve’ – a term that ultimately ‘indicates an attitude of loving care’” [12]. 
The conservation ethic suggests the focus be on a “sense of place” rather than “sense of time”, 
as the value of heritage buildings lies in what they do for us on an experiential and existential 
level. Further, the ethic espouses a relationship of compatibility between new and old over 
the current relationship of distance and differentiation. This would amount to modernist and 
traditional not needing to be adversarial, but simply acknowledge the differences and do what 
they do well in their own contexts. 
     Adopting this approach opens the doors for us to more fully accept lessons from the past 
that have been gained through experience, to more successfully sustain heritage by putting it 
to good use. More options are opened for heritage engagement where the “one size fits all” 
model of using only contemporary/modernist additions can be broadened to allow for 
traditional know-how and appropriateness within a traditional context. This would go a long 
way toward setting up a more inclusive versus isolationist relationship.  

6.2  Architectural education 

The best conduit for this effort is likely through education. By placing a strategic focus on 
improving the dissemination of knowledge, we can better insure in future architects and 
preservationist an understanding of and commitment to caring about our built heritage.  
     Historically, architectural education was achieved in architectural guilds or offices and 
involved a pretty well-rounded exposure to all disciplines of building including: construction, 
craft, trades, engineering, urban planning, science, and art. Eventually a more formal mode 
of training developed within architecture schools. The Ecole des Beaux-Arts in early 19th-
century France, was arguably the hay-day of this model (Fig. 4).  
“A measured drawing is required by the Beaux-Arts Institute course, not as reference 
material, but because it is an excellent training” [13]. Traditional education was about the 
continuum of learning from the past in order to advance into the future. This meant and 
continues to mean looking at precedence – those buildings that came before as exemplary, to 
help understand how best to solve a particular problem. From a design standpoint, this 
involved analysis of precedence through documentation, by visiting the building and drawing 
the subject, allowing that process to instill in you an intimate understanding of the buildings’ 
compositional essence.  
     Contemporary architecture schools made a clear break from the past as modernisms’ cause 
overtook architectural culture. The most notable of early modernist architecture schools was  
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Figure 4:  Precedence study. (Source: Jacques Tetaz in “Rome, Paris Athens, p. 183.) 

 

Figure 5:  Bauhaus curricular diagram. (Source: Oliver Tomas.) 

the Bauhaus in Germany. Bauhaus students were encouraged to produce designs based on 
subjective perception in lieu of precedence. A diagram of the curriculum illustrated in Fig. 5 
with concentric circles, charts the curricular path from the outside, at the beginning, to the 
inner circles, at the end.  
     Foundational courses focused on study of form and material in workshops. Then, focus 
went to the study of color theory, nature, tools, construction, representation and composition. 
A dedication to craft with materials followed, where they were meant to be mastered through 
years of honing the craft. Only after graduating did a select few get invited to the study of 
buildings. Today, most schools are based on this model.  
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6.3  Architectural education in the United States 

A review of today’s architecture college curricula in the United States provides an indication 
of whether there is any engagement with or evidence of learning from the past. The 
information from this review was acquired solely from each schools’ website. Further 
research through correspondence with the school would be necessary to completely confirm 
these findings. 
     A review of the list of accredited architecture programs in the United States, provided by 
the National Council of Architectural Registration Boards, shows there are only 3 out of 128 
schools that teach traditional architecture as an integrated part of the curriculum. 
     Of approximately 5,300 colleges in the United States, only 59 offer a degree in historic 
preservation. Only 22 schools offer both architecture and historic preservation.  
     In a more focused review of architecture schools, I identify the top 10 schools in the 
United States this year, through the assessment of three primary media sources [14]–[16]. 
For each, I looked at the basic undergraduate curriculum to see if there were any indications 
of using heritage as a teaching mechanism. The courses targeted for this investigation were: 
Architectural Design Studio, Architectural History, Building Construction, Environmental 
Sustainability and any relevant historic preservation electives. For this review, I developed 
questions per course, to help ascertain relevant information. The result is in Table 1. 
     These findings are not surprising and illustrate a lack of learning from the past. In design 
courses, when precedence is used, it is largely just for gleaning abstract formal compositional 
lessons, but otherwise leans heavily on subjective creation. Though history is required, the 
question becomes whether a historicist account that supports a deterministic/chronological 
valuation of architectural history. This approach largely dismisses the value of past traditional 
architecture, ignoring contemporary traditional examples, and becomes an exercise in  
trivial pursuit.  
     These reviews demonstrate that in schools of architecture there is room for improvement 
to be more inclusive with regard to the sustainability of traditional heritage culture, through 
accommodations similar to those provided for sustainability of the environment. 
Additionally, the relationship between architecture schools and preservation programs ought 
to be more integrated. The following are some basic recommendations that can be taken to 
achieve these goals:  

 Adopt a dual design studio track in architecture schools, that has both modernist and 
traditional design studios, allowing for the opportunity to become versed in the language 
of traditional architecture.  

 Ensure that history courses offer a holistic narrative account of human efforts to build 
and understand the connections between architecture beyond chronology.  

 Develop building construction courses that include traditional/inherently sustainable 
methods of building and incorporate opportunities to work in crafts. 

 Incorporate rigorous documentation and analysis of heritage buildings into the 
curriculum as “cultural sustainability”.  

 Invest in the adoption of more historic preservation programs with colleges. 
 Coordinate and overlap course work between architects and preservationists.  

     The expected tangible result of this would be an infusion of sensitivity and knowledge in 
the work force of architects, engineers, scientists, and preservationists. Architects would be 
more capable of answering the call to engage traditional heritage as creative expert 
practitioners that can bring aesthetic valuation back into the fold.  
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Table 1:  Review of top 10 US architecture school curricula regarding heritage. 

 Educational institutions 
Curriculum review questions 1 2 3 4 5 6 7 8 9 10 
Architectural design 
1. Is there any indication of using 

precedence as a design tool?
Y Y N Y N N Y Y Y N 

2. Is there any indication of using 
traditional precedence as a design tool?

N N N N N N N N N N 

Architectural history 
3. Is a full history of architecture offered 

(4000 BC to current)? 
Y Y Y Y Y Y Y Y N Y 

4. Is there any reference to learning 
formal lessons from historic 
architecture? 

Y N N N N N N N N N 

Building construction 
5. Is there any clear reference to learning 

from traditional construction 
techniques?

Y N N N N Y N N N N 

Environmental sustainability 
6. Is environmental sustainability a 

required and available part of the 
curriculum?

Y Y Y Y Y N Y Y Y Y 

Historic preservation or other 
7. Are there any courses, concentrations 

or degrees offered within the 
architecture school, related to historic 
preservation? 

N N Y N Y N N N Y N 

8. Are there any programs within the 
university and outside of the 
architecture school, related to historic 
preservation? 

N N N N N N N N N Y 

 
     Additional benefits would include the involvement of traditional architects as experts in 
historic investigations, helping to determine how existing buildings were built and how they 
can be re-built or added on to given modern construction techniques that respond in particular 
to fire and seismic considerations. Documentation and analysis by trained architects (see 
example in Fig. 6) would improve as well, given the astute focused eye of an expert who 
speaks the language fluently. On the preservationist side, architects being exposed to 
preservation techniques and principles, would have a better appreciation for and knowledge 
about preservation in order to more collaborative.   

7  CONCLUSION 
The current relationship we have with heritage architecture does not seem sustainable, despite 
the great strides and efforts of the preservation movement. There are too many elements that 
are constricting the vitality of our heritage through apathy, ignorance or  
over-protection that may ultimately lead to a point of suffocation.  
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Figure 6:    Example of heritage documentation to be produced by students or architects. 
(Source: Drawn by Paul M. Dennehy for the US Department of Interior, 
National Park Service-Historic American Building Survey, 2014.) 
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     If, however, we act to bring about more balance, cooperation and familiarization, through 
education, we can better facilitate a love for heritage. With an increase in active living 
traditional heritage as part of a continuum, the “conservation ethic” would be in good hands 
in reanimating heritage buildings by further incentivizing a more proactive, open-minded  
and creative attitude. Such changes may help reinforce the importance of architectural 
heritage, as a necessary means to cultural sustainability, bringing it off the dusty shelf and 
back into our lives. 
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ABSTRACT 
The mashrabiya is used in traditional Islamic architecture to provide visual privacy, reduce the glare 
from direct sunlight, and allow natural ventilation. Traditional Bahraini houses were designed with 
specific features and characteristics to cater to the cultural and religious needs of the occupants and the 
bio-climatic conditions. This study has investigated the impact of the mashrabiya on daylight 
performance within a space and examined how it affects the quantity and quality of the daylight that is 
admitted into the space. A field study was conducted in one of the traditional houses in Bahrain for 
evaluating the performance of the mashrabiya in providing daylight in the space. The studied room was 
located on the upper floor and had an L shape layout (27.75 m2). The main wall of this room faced the 
north with openings covered with mashrabiya, while the inner part of the room (the south wall) 
overlooked an atrium with a skylight. The south wall had two small openings that increased the 
illumination level in a small part of the room. The results showed that the performance of daylight 
throughout the mashrabiya was better, to some extent, than without any screen. The mashrabiya in this 
case can provide the level of illuminance recommended for residential activities and can provide better 
uniformity as compared to the space without a mashrabiya. The mashrabiya device is capable of 
reducing the impact of glare in the whole space. It is preferable to improve the design of the mashrabiya 
to enhance the uniformity of daylight in the space. The chromaticity of light in the space, as the CCT 
calculation for all the measured points below the accepted level, was another challenge with regards to 
the performance of the mashrabiya device. A mashrabiya is likely to demonstrate a more successful 
performance and better daylighting if it is designed and modified to consider uniformity and the 
chromaticity of light in the space. 
Keywords:  Bahrain, day lighting, illuminance, mashrabiya, traditional device. 

1  INTRODUCTION 
The mashrabiya is a device used in traditional Islamic architecture for several reasons, such 
as to provide visual privacy, reduce the glare from direct sunlight, and allow natural 
ventilation [1]–[3]. Privacy and bio-climatic comfort are perhaps the most important 
influences on older residential designs in Bahrain. Traditional Bahraini houses were designed 
with specific features and characteristics to cater to the cultural and religious needs of the 
occupants and the bio-climatic conditions. Victor Olgyay [4] has initially used the term  
bio-climatic by developing a bio-climatic chart to study the climatic data for thermal comfort 
limits and for identifying design strategies. The presence of bio-climatic conditions has 
shown sustainability since periods in the native conventional settlements [5]. The  
climate-sensitive passive design and other adaptive features of conventional architecture and 
construction methods are emphasized in other countries with hot climates with respect to 
their bio-climatic conditions [6].  
     Recently, construction practices are changed due to the availability of modern 
standardized building methods that dominate the country’s market. The impact of electronic 
media and market economy has changed the design of architecture even in rural, semi-rural, 
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and remote areas along with a change in socio-cultural outlook. The modern construction 
practices are usually conducted without giving substantial considerations to the local cultural 
and bio-climatic conditions, which may have implications on energy consumption to sustain 
comfortable living conditions inside the houses. the inherent logic of the traditional practices. 
A comparative study between native and present-day constructions can be revealed. 
     These houses often consist of a central courtyard surrounded by rooms (Fig. 1). The 
courtyard is open to the sky and all the rooms have windows facing towards it, which allows 
daylight to enter as well as permits cross-ventilation through the rooms. The privacy has been 
ensured through few openings provided in the external facade (Fig. 2). The external windows 
are usually divided into two parts: the higher parts are covered with stained or transparent 
glass and the lower parts are usually covered with the mashrabiya. This division of windows 
allows for ventilation and a view outside without compromising privacy. 
 

 

Figure 1:  An example of a traditional Bahraini house with a central courtyard. 

 

Figure 2:  An example of the external facade of a traditional Bahraini house. 

     Bahrain has a very destructive and severe climate as it is located with high humidity in a 
hot arid region and minimal diurnal range. The major objective of the courtyard was to 
safeguard the resident from that climate. By offering internal shade during the day for 
activating air flow in the house, the apparent sky conditions assist to release part of the stored 
heat by radiation to the sky even though it is humid. The courtyard house and the mashrabiya 
concepts are complemented by the local builder to invent different cooling and ventilating 
methods of the house.  
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     The dimension of the plan is lower than the height of the courtyard in traditional houses 
in Bahrain, with a proportion of 1:1.5. Therefore, the total area is reduced to sun and it offers 
appropriate shade within the house. This thermal property is proven several surveys on 
courtyard houses. In a traditional house, the difference of 5°C was observed between the 
temperature on the roof and the temperature in the courtyard, and 11°C between inside and 
outside house rooms. The owner is encouraged by the defined space of the courtyard to plant 
trees and vegetation throughout his private territory. The microclimate condition is regulated 
by landscaping to offer visual and shade pleasure throughout the adverse house environment.  
In adaptive building skins, the development and potential integration of hygromorphic 
materials offers benefits for designing passively responsive bioclimatic architecture that is in 
consistent synchronization with ambient moisture and variable levels of atmospheric 
humidity. The extreme climatic conditions are converted by the traditional architecture in 
Bahrain into an appropriate local construction culture that estimates the modern bioclimatic 
approach for designing.  

1.1 Background of Bahrain 

Bahrain is a small archipelago consisting of 35 islands. Bahrain is located to the north of the 
Tropic of Cancer. It is 757.50 km2 in area and located in the Arab Gulf at a latitude of 26° 
16´ N and a longitude of 50° 39´ E [7]. Bahrain is a hot, humid country where the mean 
maximum temperature is 42°C in July and the mean minimum temperature is 10.3°C in 
January (Bahrain International Airport website). The annual average relative humidity  
in Bahrain is 65%, with a maximum average of 77% in December and minimum average of 
50% in June [8]. It has clear sky conditions and plenty of sunlight throughout the year. The 
maximum average daily hours of sunshine (daylight hours) is 11.3 hours in June and  
the minimum is 7.3 hours in January [9]. The mean daylight global horizontal illuminance  
is 50,000 lx [10]. 

2  THE CASE STUDY 
Al-Zayed’s house belonged to Abdullah bin Ali Al-Zayed (1899–1945) and is considered to 
be of cultural significance in Bahrain. Therefore, Sheikh Mai Al-Khalifa, the Minister of 
Culture, has taken on the responsibility of caring for these types of houses since 2002, before 
she became the Minister of Culture in 2008. Al-Zayed’s house was built 100 years ago; 
however, it was opened to the public in 2003 after renovation [11]. The house consists of two 
storeys and has an internal courtyard (Figs 3 and 4). The main facade faces north (Fig. 5). 
The studied room is located on the upper floor and has an L shape (27.75 m2). The main wall 
of this room faces north and has openings covered with mashrabiya. The inner part of the 
room (the south wall) overlooks an atrium with a skylight. This south wall has two small 
openings that increase the illumination level in a small part of the room (Area 2 in Fig. 4). 
This obviously affects the analysis of the results for the whole room. Therefore, it was 
decided to divide the room into two zones and to focus on the zone that was close to  
the opening covered with mashrabiya to obtain accurate results in the analysis of the 
mashrabiya’s performance (Area 1 in Fig. 4). The area of the studied zone is 18.6 m2.  
     The present study has investigated the effect of the mashrabiya on daylight performance 
in a space. It aims to study the mashrabiya’s characteristics and to examine how it affects the 
quantity and quality of the daylight that is admitted into the space. The performance of several 
shading systems was evaluated through simulation software and physical models to 
determine daylight uniformity distribution and daylight levels throughout the space. The  
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Figure 3:  Ground floor plan for Abdullah Al-Zayed’s house [12]. 

 

Figure 4:  First floor plan for Abdullah Al-Zayed’s house [12]. 

 

Figure 5:  North facade of Al-Zayed’s house showing the mashrabiya screen. 
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perforation percentages were recommended by other studies to use simulations based on  
the illumination levels offered by the mashrabiya; a daylight and visual privacy device), for 
increasing the illuminance level. In contrast, the paucity of studies toward the assessment of 
the performance of the current well-established traditional device enables the researcher to 
study the daylight uniformity distribution in controlling the glare throughout the residential 
space. Additionally, the performance of the mashrabiya was compared with a similar 
condition in the room regardless of using any device. Thereby, this study has intended to 
evaluate the aforementioned unidentified elements by studying the current house using a 
mashrabiya device in the context of Bahrain. The study has comprehensively focused on the 
uniformity of daylight and the illuminance in the space, and the control of glare, which were 
not researched due to the lack of literature. Lastly, the study has compared the performance 
of both situations through the simulation of similar study space without using the mashrabiya. 

3  MATERIAL AND METHODS 
Surveys of some traditional houses in Bahrain were made to choose a suitable house for the 
case study. Al-Zayed’s house was selected and permission was obtained from the Ministry 
of Culture to conduct this study. This part of the research work was divided into two stages. 
The first stage involved measurements of daylight in the house of Abdullah Al-Zayed to 
measure and analyse the illuminance through traditional window devices (the mashrabiya) at 
specific dates and times to determine the impact of the mashrabiya on daylight in the space. 
In the second stage, simulation software Ecotect Analysis and Desktop Radiance were used 
and a similar room without a mashrabiya was evaluated. 

3.1  Instrument/apparatus 

The instruments were fixed on the top of the tripod to obtain accurate readings in both a 
horizontal and a vertical position. A digital illuminance meter (Konica Minolta T-10) was 
used to measure the daylight level inside and outside of the room. A digital chromaticity 
meter (Konica Minolta Chroma Meter CL-100) was also used to measure the chromaticity of 
daylight inside the room. A Portable Spectrophotometer CM-2600d (Konica Minolta) was 
used to measure the reflectance of the surfaces. Finally, a tripod was used to take the readings 
at 0.80 m. The measurements were taken at a height of 0.80 m because the people who 
occupied the house at that time used to sit on a cushion at floor level, which put their eye 
level at approximately 0.80 m above the floor. Further, 0.80 m is the height used to 
accomplish many daily tasks (e.g., preparing food on a surface, reading on a desk, etc.). 

3.2  Measurements 

Visits were carried out to take all the measurements of the room and window openings. A 
floor plan drawing with 1 m2 grids for the room was prepared to locate the readings, which 
were measured by the photometric and colorimetric instruments (Fig. 6). The readings were 
taken in one sequence starting from point 1 at the forward left corner to point 28 at the rear 
right corner of the room. Illuminance and chromaticity readings were taken in the selected 
room in both summer (from 11–26 July 2012) and winter (from 22 December to 23 January 
2013). Five readings were taken for each point: the first was horizontal and the second, third, 
fourth and fifth were vertical readings starting parallel with the mashrabiya at 0°, 90°, 180°, 
and 270° clockwise, respectively. The readings were taken for each point at three times 
during the day (9:00 am, solar noon, and 3:00 pm). All readings were taken at two levels: 
floor level and 0.80 m above the floor. Furthermore, the measurements of the illuminance 
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and chromaticity were taken separately on different days to ensure the readings were recorded 
at the same time (9:00 am, solar noon, and 3:00 pm) for each measurement. A similar drawing 
with the same grid was also prepared to measure the illuminance without the mashrabiya 
using the simulation software. 
 

 

Figure 6:    Floor plan of the studied room in Al-Zayed’s house showing the measurement 
points. 

3.3  Simulation 

Ecotect Analysis software is being used by the designer in the basic stages of a design to 
carry out primary analysis for the design projects [13]–[14]. This helped in modelling the 
space being studied or to import the model from AutoCAD, Google SketchUp, or Rhino. In 
the present study, the model was exported to Desktop Radiance to carry out the lighting 
analysis, after modelling the building and specifying all the above-mentioned parameters in 
Ecotect. In addition, the date, time, and sky conditions were also specified in Radiance to 
obtain accurate results. Fig. 7 has illustrated the sun path diagram of the location of the 
studied house using Ecotect analysis software. 
 

 

Figure 7:    Annual sun path diagram and north direction for the studied room in Al-Zayed’s 
house (Prepared using Ecotect Analysis software). 
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3.4  Characterization of the mashrabiya 

The studied room of this house was located on the second floor. The openings of this room 
faced north and were covered with five equal-sized traditional screens (mashrabiya) (Fig. 8). 
Each window opening covered with mashrabiya was 175 cm in height, 82 cm in width, and 
20 mm in depth. They were of a brown colour with 34.7% reflectance and the perforation 
ratio of the mashrabiya was 22%. This percentage was calculated using a photograph taken 
of the mashrabiya with light passing through the openings. This created a strong contrast 
between the brown wooden part of the mashrabiya and the openings. The Fiji Image J 
program was used to count the pixels of the lighter areas, which helped to calculate the 
percentage of the irregular-shaped openings. 
 

 

Figure 8:  The five equal openings of the mashrabiya at the studied room of Al-Zayed house. 

3.5  Analysis of actual and computer-based daylight simulation 

The daylight analysis in this study helped in better understanding of the performance of the 
mashrabiya in admitting daylight into the space. Through this study, the average illumination 
level in the room with and without mashrabiya was analysed. This was then compared with 
the recommended average illumination level required in houses. The uniformity of the 
daylight distribution in the space was analysed for both situations with and without  
the mashrabiya. The chromaticity of light within the space was studied and the influence of 
the mashrabiya on the chromaticity of the daylight was evaluated. Finally, the effect of glare 
was quantified using the simplified daylight glare probability (DGPs). 

4  RESULTS AND DISCUSSION 

4.1  Measurement 

4.1.1  Average Illuminance 
The mean illuminance was calculated as illustrated in eqn (1): 

 𝐸
∑

 , (1) 

where: Eavg= is the average illuminance (lx); Ei = is the illuminance for each point (lx); N = 
is the number of measurement points. 
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     Additionally, a calculation of the blocked daylight through the mashrabiya showed that 
the mashrabiya blocked 88.6% and 85% of the daylight in summer and winter, respectively. 
Eqn (2) was used to calculate the blocked light 
 

 𝐵𝑙𝑜𝑐𝑘𝑒𝑑 𝑙𝑖𝑔ℎ𝑡 %      

  
 ∗ 100% , (2) 

where Eavg is the average illuminance (lx) 

4.1.2  Daylight uniformity ratio 
The uniformity of daylight distribution in the space is to calculate the minimum illuminance 
to average illuminance ratio (Emin/Eavg). The ratio can be calculated by using equation (3):  

 𝑈𝑛𝑖𝑓𝑜𝑟𝑚𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜  𝐸
𝐸  , (3) 

where: Emin is the minimum illuminance in the space (lx); Eavg is the average illuminance (lx). 
     The results were found to be very close to the recommended ratio 0.4. Table 1 presents 
the uniformity ratios for the room with the mashrabiya in summer and winter. 

Table 1:  Average illuminance (lx), uniformity ratio in summer and winter with mashrabiya. 

Average illuminance 
with mashrabiya (lx)

Time 

Winter 
235 9:00 AM 
218 Solar noon 
193 3:00 PM 

Summer 
159 9:00 AM 
180 Solar noon 
99 3:00 PM 

Uniformity Ratio 
with mashrabiya (lx)

Time 

Winter 
0.4 9:00 AM 
0.5 Solar noon 
0.4 3:00 PM 

Summer 
0.4 9:00 AM 
0.5 Solar noon 
0.4 3:00 PM 

4.1.3  Chromaticity of lighting 
The correlated colour temperature (CCT) was calculated from the CIE 1931 (x, y) measured 
in the space using the same points. Table 2 has shown the average CCT and illuminance for 
summer and winter at three different times of the day (9:00 am, noon, and 3:00 pm).  
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Table 2:  Average CCT and average illuminance for summer and winter. 

Time Average CCT (K) Average illuminance with mashrabiya in lx 
 Winter Summer Winter Summer 

9:00 am 4541 4351 235 159 
Solar noon 4303 4339 218 180 

3:00 pm 4390 4212 193 99 
 
     The average CCT values are very close for all times in both summer and winter. These 
values indicate the intermediate temperatures of the colour appearance as warm < 3300 K 
and cold > 5300 (AS/NZS1680.1, 1990). Referring to the Kruithof curve (Fig. 9 and 10), all 
the values of the average CCT and average illuminance for summer and winter are located 
within the “uncomfortable” zone.  
 

 

Figure 9:    Kruithof curve with the average value of CCT and average illuminance for the 
studied room during summer [15]. 

 

Figure 10:    Kruithof curve of the average values of CCT and average illuminance for the 
studied room during winter [15]. 
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4.1.4  Daylight glare probability index 
A simplified daylight glare index (DGPs) was calculated for each point in the studied space 
for the specified times and seasons (Tables 3–8) using eqn (4) [16], [17]:  

𝐷𝐺𝑃 6.22 10 𝐸 0.184, (4) 

where Ev is the vertical illuminance at eye level (lx). The vertical illuminance was measured 
at 0.8 m as people who occupied traditional houses in Bahrain used to sit on the floor. 

Table 3:    Simplified daylight glare probability (DGPs) for summer at 9:00 am, noon, and 
3:00 pm. 

Table 4:  Simplified daylight glare probability (DGPs) for winter at 9:00 am, noon, 3:00 pm. 

     From the above result, it is clear that most of DGPs values (99.9%) for summer and winter 
were below 0.35, which indicated acceptable DGPs values using the mashrabiya device 
during the entire day. 
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4.2  Simulation 

4.2.1  Average illuminance 
The average illuminance for simulated room without a mashrabiya was calculated using 
equation (1). Table 5 has shown this average illuminance for both summer and winter.  

Table 5:  Average illuminance (lx) without mashrabiya in summer and winter. 

Time 
Average illuminance without mashrabiya (lx) from simulation (lx) 

Winter Summer 
9:00 am 1518 929

Solar noon 3142 1158
3:00 pm 1652 848

4.2.2  Daylight uniformity ratio 
The uniformity of the daylight distribution in the simulated space was calculated using 
equation (3). Results indicate very low uniformity in the space without mashrabiya during 
winter. In summer, the ratio was very low at 3:00 pm; however, for 9:00 am and noon, the 
results were equal to the recommended ratio of 0.4. Table 6 shows;  

Table 6:  Uniformity ratio without mashrabiya in summer and winter. 

Time 
Uniformity Ratio without mashrabiya (lx)

Winter Summer
9:00 am 0.4 0.1

Solar noon 0.4 0.1
3:00 pm 0.1 0.1

4.2.3  Daylight glare probability index  
A simplified daylight glare index (DGIs) was calculated for each point in the studied space 
by simulation for the specified times and seasons similar to the actual measurements but 
without the mashrabiya (Tables 7 and 8) using eqn (4) [16], [17]. 

Table 7:    Simplified daylight glare probability (DGPs) for summer at 9:00 am, noon, and 
3:00 pm for simulation readings. 
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Table 8:    Simplified daylight glare probability (DGPs) for winter at 9:00 am, noon, and  
3:00 pm for simulation readings. 

 
 

     Summer results of daylight glare probability at 9:00 am and 3:00 pm have shown that 
there were no problems of glare. Results show that 28% of the reading points were located 
in the best class, which were ≤ 0.35. However, 35.7% were located in good class ≤ 0.42, 25% 
was located in the reasonable class ≤ 0.45, and 10.7% were considered disturbing  
values. Winter results show that all readings located in the best class as all reading points 
were ≤ 0.35. 

4.1  Comparison of the actual and simulation results 

4.1.1  Average illuminance of the actual and simulated room 
Table 9 has shown a comparison between the average illuminance levels for the studied room 
with mashrabiya, without mashrabiya, and the recommended lighting level for the room in 
the house. The averages for both summer and winter were taken at 9:00 am, solar noon,  
and 3:00 pm.  

Table 9:  Comparison of average illuminance (lx) in summer and winters. 

Time 
Average illuminance 
with mashrabiya in lx 

(Eavg) 

Average illuminance 
without mashrabiya 

Recommended illuminance 
in lx for residence 

(AS/NZS1680.2, 1990) 
 Winter Summer Winter Summer  

9:00 am 159 235 929 1518 160–240 
Solar noon 180 218 1158 3142 160–240 

3:00 pm 99 193 848 1652 160–240 

4.1.2  Uniformity ratio (minimum to average) of the actual and simulated rooms 
This calculation was carried out with the results of the actual readings and the simulation 
readings. Figs 11 and 12 have shown a comparison of the uniformity (minimum to average 
ratio) of the room with and without the mashrabiya, in both summer and winter and at three 
different times. 
     The results from Figs 11 and 12 have shown that during summer, the uniformity ratio, 
which is 0.4, is equal in both conditions (i.e., with and without mashrabiya). For other times 
of the day, the uniformity without mashrabiya shows very low values in comparison with 
results with mashrabiya. In winter, the ratios for the three times are higher for the opening 
with mashrabiya than the one time without mashrabiya. Figs 13 and 14 have shown the 
daylight in the space for the actual room with the mashrabiya and the simulation for the same 
room without the mashrabiya. 
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Figure 11:    Comparison between uniformity ratio in summer with mashrabiya, without 
mashrabiya and recommended uniformity ratio. 

 

Figure 12:    Comparison between uniformity ratio in winter with mashrabiya, without 
mashrabiya and the recommended uniformity ratio. 

 

Figure 13:  An actual picture of the room at 9.00 am. 
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Figure 14:    A ray-traced image of the room without mashrabiya at 9.00 am (Prepared using 
Ecotect and Desktop Radiance). 

4.1.3  Daylight glare probability index of the actual and simulated rooms 
Comparison of the daylight glare probability results for the actual room and simulated room 
have shown that although the vertical illuminance for the room without mashrabiya was much 
higher than the vertical illuminance with mashrabiya. Moreover, no glare problems were 
indicated for the two cases. This excludes the simulated room at noontime in summer, as the 
result was higher than all other readings. This may require window treatment to decrease the 
effect of the glare for noontime. The reason that there is no noticeable glare problem for  
the room without any shading device or mashrabiya may be that the room is facing north  
in the northern hemisphere, where no direct sunlight accesses the space. As discussed earlier, 
the mashrabiya was designed in the past mainly to achieve visual privacy, but also to allow 
cross ventilation and minimise sharp sunlight within the space [1], [2]. 

5  CONCLUSION 
The study results have concluded that the mashrabiya in this case can provide the level of 
illuminance recommended for residential activities and can provide better uniformity than 
can the space without mashrabiya. However, it is preferable to improve the design of the 
mashrabiya to enhance the uniformity of daylight in the space. Another challenge regarding 
the performance of the mashrabiya device concerns the chromaticity of light in the space as 
the CCT calculation for all the measured points were below the accepted level. On the other 
hand, a study of the daylight glare index showed that the mashrabiya device could reduce the 
effect of glare in the whole space.  
     As Bahrain is a sunny country, it is preferable to have shading devices to minimise the 
glare and the amount of direct sunlight entering the space. However, it cannot be said that 
the mashrabiya was 100% successful at this because of the mentioned challenges. Therefore, 
if this mashrabiya were redesigned or modified to consider uniformity and the chromaticity 
of light in the space, it could demonstrate a more successful performance and  
better daylighting. 
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ABSTRACT 
The aim of this study is to analyze the general profile of articles written on the subject of “vernacular 
architecture” (VA). The study integrates articles posted on the Web of Science database. In the first 
part of this study, all English language articles scripted between 2000 and 2018 and in the second part, 
articles listed under architecture category have been examined. Articles were analyzed based on their 
publication year, journals, categories, keywords and method and obtained data were analyzed via 
content-analysis method. Research findings manifest that VA is interlinked with a wide array of 
disciplines ranging from architecture-engineering sciences to art, archeology and geography. Once all 
of these categories are examined, it can be argued that, in general, local architecture is analyzed by 
associating it with environmental issues and building-physics subjects. Researchers claim that 
analyzing local production techniques and, based on these techniques, developing local, effective 
strategies is a salient research method. In the architecture category, the most widely-analyzed scale was 
detected as region scale; the most discussed location was Iran in the global scope. One of the featured 
titles in these studies is on the subject of thermal comfort. Another common subject in these articles is 
detected to be sustainability and matters related to sustainability. Aside from the subjects and concepts 
examined in these studies, another issue is the motives with which analyzed subjects were associated. 
Here, compiled data reveal that studies related to VA offer three key motives. The first one is protecting, 
the second one is learning and the third one is developing. 
Keywords: vernacular architecture, WOS, architecture. 

1  INTRODUCTION 
We believe that architecture knowledge from the past includes in itself a long list of insights 
that should be transferred to present and future age. It is necessary that vernacular architecture 
knowledge that was repeatedly tested, collected and transferred across generations should be 
investigated through different analyses and evaluations to make it visible through publishing 
so that it would be a guideline for architecture production. Noting that we are in a critical age 
especially in terms of questioning our relationship with nature, the significance of vernacular 
architecture knowledge tightly connected with nature becomes more obvious (Ozorhon et al. 
1). Vernacular buildings’ traditions are not remnants of an underdeveloped or romantic past 
but are important and relevant to many cultures and peoples in the world, past, present and 
future (Asquith and Vellinga, 2). Traditional principles have evolved over a long period of 
time in virtually all countries of the world. People have developed building techniques 
excellently adapted to the building materials available and local conditions such as the 
climate (Oliver 3). In architecture domain, “vernacular architecture” has always been a 
valued subject of research for scholars and scientific studies on this subject have constituted 
a vast area in relevant literature. However, in this knowledge unity, it is greatly vital to 
analyze and interpret these studies holistically aside from examining the unique arguments 
of each study. This paper aims to collectively analyze scientific studies on “vernacular 
architecture” (VA). Studies on this subject can basically be categorized under two parts. The 
first one is documenting a location (context)/settlement with detecting by various methods 
and architectural representation tools. These studies also hold value as they offer some 
background for prospective studies. Some of the studies on vernacular architecture also aim 
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to transfer vernacular architecture knowledge to modern designs. In some instances, these 
studies can achieve mentioned flow of knowledge by interlinking with modern  
parameters – sustainability, ecologic design, passive environmental control system etc. These 
studies are vitally important for the transfer and sustainability of architecture culture and 
experience. (Ozorhon and Ozorhon 4). 

1.1  Methodology 

Studies on a specific branch accumulate in the course of time and create relevant literature. 
It is vital that academics from a discipline could determine tendencies of studies in this 
discipline and common characteristics. Based on this belief this paper tracks VA subject in 
examined articles and aims to view all studies from past to now on a common ground. In that 
sense key questions of this paper are such: 

 In the articles which concepts laid the ground for VA analysis?  
 Which themes laid the ground for VA analysis? 
 How did these concepts and themes evolve from the past to present day? 

     Sampling domain of the study was limited with Web of Science (WOS) database and in 
order to use within the context of this study, a research model/strategy formed with the unique 
dynamics of VA subject has been developed. In Fig. 1, the research strategy is exhibited as a 
cluster. As seen, research is formed with two layers and at the end of this research, data 
collected from both layers are collectively interpreted. The research model necessitated using 
different methods in order to analyze a variety of dynamics interlinked with VA. Thus, in 
order to read the publications holistically methods that fit with the nature of data were utilized 
and research’s quantitative and qualitative results were stated by supporting with graphics 
and cluster. In the 1st layer of research model, VA discourse was examined in all articles 

Figure 1:  Strategy of the research. 
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published under WOS-subject while in the 2nd layer the analysis was narrowed down to fit 
the architecture category. In this system it was aimed to analyze it generically in the entire 
domain in the first stage of research while in the second stage VA was aimed to be examined 
in depth in particularly architecture domain. Thus, sub parameters of 1st Layer are: 
categories, subjects and top articles but sub parameters of 2nd Layer are detected as subjects, 
top articles and deep survey. In the research, data analysis was based on employing SciMAT 
(Science Mapping Analysis software Tool) (Cobo 5) software and concept maps. 

1.2  1st Layer 

In the 1st Layer of research VA discourse was scanned through WOS-subject. At the end of 
this scan a sum of 542 articles written in English language were accessed for the period 
between 1979 and 2018. A second-filtering process was applied on the articles. After filtering 
process publications from 1979–2000 and failing to provide significant data for quantity and 
quality were excluded from the scope of research. Finally, as the analysis unit of the first 
layer of research, 482 articles dated between 2000 and 2018 were detected in the core 
collection of Web of Science. 

2  RESEARCH FINDINGS 
As seen for the period of 2000–2018, publications on VA gained acceleration particularly 
after 2008 (Table 1/Fig. 2). These publications, based on the categories they were listed on 
WOS database, were independently scanned with respect to the journals they belonged to 
and reference statistics. Accordingly collected findings are as listed below. 

 Based on the domains in which articles were interlinked with WOS the first rank
belonged to architecture (173) ensued by Construction Building Technology (89),
Engineering Civil (60), Environmental Studies (49) and Urban Studies (39) as the top
five of the category. It is seen that VA was a research subject not only in architecture but
also in engineering disciplines of technology.

 Top five journals that released VA related studies are: Building and Environment (26),
Energy and Buildings (18), Open House International (18), Architectural Science
Review (11), Vernacular Architecture (11). In Building and Environment journal scope
most common topics of analysis were respectively “building science, urban physics, and
human interaction with the indoor and outdoor built environment”. It is worth noticing
that journals predominantly focused on building physics subject. This can be interpreted
as an indication that VA subject was, at most, analyzed by building-physics researchers.

Table 1:  For the period of 2000–2018, VA-related articles issued on WOS. 

P Years A
1 2000–2001 13
2 2002–2003 13
3 2004–2005 12
4 2006–2007 16
5 2008–2009 28
6 2010–2011 52
7 2012–2013 42
8 2014–2015 85
9 2016–2017 152
10 2018 69
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Figure 2:    For the period of 2000–2018, “vernacular architecture” related publications 
issued on WOS. 

 In order to elaborately analyze 482 articles written between 2000–2018, SciMAT 
software was harnessed. In the software period of 2000–2018 was analyzed as two-year 
periods and obtained diagrams were combined (Table 2). According to the results of 
analysis, during these two-year periods most popular themes were; environment, 
buildings, city, wind-catcher, strategies, residential buildings, modern building and 
vernacular-house. 

     Among 482 publications issued on WOS core collection, top five articles most frequently 
referred are as seen in Table 3.  
     Ratti et al. 6 article titled as “Building form and environmental performance: archetypes, 
analysis and an arid climate” was the most widely-referred article. The most referred article 
questioned the influential articles (March and Trace 7) of the 1960s and asked the optimal-
land form for buildings and investigated the best form in arid climate for the land settlement 
of buildings. 

2.1  2nd Layer 

For the 2nd layer of this study, among 482 articles, the Architecture category was filtered 
and in Web of Science core collection-Architecture category; 173 articles dated to the period 
of 2000–2018 were named as the analysis unit of 2nd layer of the research. 
     As seen for the period of 2000–2018, VA-related publications in Architecture category 
gained acceleration particularly after 2009 (Table 4/Fig. 3). In these articles the most 
frequently referred five sources are as seen in Table 5.  
     Among these 173 articles in the Architecture category of WOS core collection the most 
frequently-referred five studies are seen in Table 6. 
     Highest referenced article is Calautit et al. 8 work “A numerical investigation into the 
feasibility of integrating green building technologies into row houses in the Middle East”. 
The article draws a comparison between wind towers integrated as the green-building 
technology into Middle-East row house model and traditional tools. 
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Table 2:  Based on SciMAT software, 10-year period and clusters in these periods. 

2001–2002 2002–2003  2004–2005 2006–2007 2008–2009  

- - - 

 
  Environment Buildings 

2010–2011 2012–2013 2014–2015 2016–2017 2018 

 

 
   

   

City  
buildings 

Wind-catcher 
modern building 

Buildings 
environment 
vernacular-
house space

Strategies buildings 
residential buildings 

landscape, 
environment

Residential 
buildings 

Table 3:  Top-5 referred articles related to VA. 

Article Authors Year C 
Building form and environmental 
performance: archetypes, analysis and 
an arid climate

Ratti, C., Raydan, D., Steemers, 
K. 

2003 130 

Enhancing visual preference of 
ecological rehabilitation sites 

Hands, D.E., Brown, R.D. 2002 86 

Outdoor thermal comfort in the old 
desert city of Beni-Isguen, Algeria

Ali-Toudert, F., Djenane, M., 
Bensalem, R., Mayer, H.

2005 74 

Ancient vernacular architecture: 
characteristics categorization and 
energy performance evaluation 

Zhai, Z.Q., Previtali, J.M. 2010 73 

Thinking cities through elsewhere: 
Comparative tactics for a more global 
urban studies 

Robinson, J. 2016 66 
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Table 4:   VA-related publications issued on WOS Architecture category between  
2000–2018. 

P Years A 

1 2000–2001 2 

2 2002–2003 2 

3 2004–2005 - 

4 2006–2007 5 

5 2008–2009 15 

6 2010–2011 16 

7 2012–2013 18 

8 2014–2015 31 

9 2016–2017 58 

10 2018 24 

 

Figure 3:    “Vernacular architecture” related publications issued on WOS Architecture 
category between 2000–2018. 

Table 5:  The most frequently-referred studies. 

Author Year Name
Rapoport A. 1969 HOUSE FORM CULTURE 
Rudofsky B. 1964 ARCHITECTURE ARCHITE. 
Oliver P. 2006 MEET NEEDS CUL.
Oliver P. 1997 ENCY VERNACULAR ARCH. 
Oliver P. 2003 DWELLINGS VERNACULAR 
* listed on the basis of reference statistics.
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Table 6:  The most frequently referred five articles related to VA in the Architecture category 
of WOS. 

Article Authors Year C 
A numerical investigation into the 
feasibility of integrating green building 
technologies into row houses in the Middle 
East 

Calautit, J.K., Hughes, B., 
Ghani, S.A. 

2013 28 

Hassan Fathy revisited – Postwar 
discourses on science, development, and 
vernacular architecture 

Pyla, P.I. 2007 15 

Modernity in tradition: Reflections on 
building design and technology in the 
Asian vernacular 

Rashid, M., Ara, D.R. 2015 13 

Thermal and comfort conditions in a semi-
closed rear wooded garden and its 
adjacent semi-open spaces in a 
Mediterranean climate (Athens) during 
summer 

Tsiros, I.X., Hoffman, M.E. 2014 13 

Field Investigation of Indoor Thermal 
Environments in Traditional Chinese Shop 
houses with Courtyards in Malacca

Kubota, T., Toe, D.H.C., 
Ossen, D.R. 

2014 10 

 
     In order to conduct a more detailed observation on the 173 articles in WOS core 
collection’s Architecture category and with Table 7 displaying the relevant categories, 
collected data were combined as an integrated table, Table 8, and in this table 173 articles 
were examined under three single thematic frameworks; titles of scale, context and concept. 
Thus, the most dominant scales, locations and concepts in the articles were aimed to be 
observed. Accordingly, most-frequently analyzed scales were Region, Landscape, Urban, 
and House. In the articles lead locations were Iran, America and England. 
     Leading concepts in these articles were reported to be thermal, sustainability, sustainable 
technology and culture. 

3  HOLISTIC EVALUATION 
As Asquith 9 emphasized, vernacular architecture is a subject without a discipline. Those 
that study it come from many disciplines from anthropology, sociology and behavioral 
studies to human geography, history and architecture itself (Asquith 9). Research findings 
also manifest that VA is interlinked with a wide array of disciplines ranging from 
architecture-engineering sciences to art, archeology and geography. Architecture is the 
discipline in which VA has been most widely discussed. In architecture domain, VA belongs 
to a vital research scope and for the last decade in particular, there has been a significant rise 
in relevant studies which indicates that VA is still deemed to be a modern scope of study for  
 

Table 7:  Categories in the table of the deep research. 

code year journal Name *scale *context *concept keywords 
papers 
code in 

the 
research 

year 
of 

public. 

published 
journal 

names 
of 

article 

architectural 
scale 

place 
examined 

mentioned 
concepts   

keywords 
of the 
article 

* add. categories 
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Table 8:  Scale, context and concepts. 

scale context concepts 

  
region 

landscape 
urban 
house 

buildings 

Iran 
California 
England 
America 
Britain

thermal 
sustainability 
sustainable… 
technology 

culture 
 
architecture researchers. However, as all the categories are examined it surfaces that basically 
the vernacular was analyzed through environmental issues and in relation with building 
physics. Researchers deem that analyzing vernacular production techniques and based on 
these techniques, developing local, effective strategies is an important research method. 
     Studies related with vernacular-architecture are noticeably diversified in terms of scale, 
context and concept perspectives. As the research scales in publications from architecture 
category prove, there is a vast profile ranging from housing scale to urban scale but the  
most-widely analyzed scale is region scale. In these studies, many parts of the world were 
examined and a large context from America to the Middle East was illustrated. However, the 
most common research topic was detected as Iran. A featured title in the studies was related 
with thermal comfort. One reason could be that in the analyses based on the quality of space, 
comfort condition of a space is one of the other factors. Another cause for featuring this title 
in the articles is that these conditions allow to conduct analyses based on tangible data that 
can be converted to numeric data.  
     Sustainability and sustainability-related subjects were also common points of discussion 
in the articles. The recent writings on vernacular architecture and sustainability constitute a 
vibrant and growing discourse that makes an important contribution to the field of vernacular 
architecture studies. As Oliver 10 stated, vernacular architecture is the time-honored, truly 
sustainable architecture that, in its multitudinous manifestations, has evolved over the 
centuries, changing or adapting when necessary to variable environments and the nature of 
family and social growth. It is essential to refer to vernacular knowledge in order to learn 
what is or what sustainability and sustainable architecture should be like (Ozorhon and 
Ozorhon 11). Vernacular architectures are typical examples which show how local climate 
conditions, materials, techniques, building systems and living style, traditions and 
socioeconomic conditions shaped how people lived in the region (Sozen and Gedik 12). 
     Aside from the subjects and concepts analyzed in the studies, another topic is about the 
motives that analyzed subjects are associated with. What are the motives of studies focusing 
on VA? At this stage, compiled data reveal that studies related with VA point to three key 
motives the first of which is protecting, second one is learning and third one is developing. 
A vast majority of these studies are linked with identification and protection. Another group 
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is built upon learning from the ancient VA knowledge. Third theme that studies address to is 
developing. Studies in this theme aim to interpret vernacular knowledge together with 
modern knowledge and technology and develop new strategies based on this blend. 

4  CONCLUSION 
 The main motivation of this paper is to explore how vernacular architecture is studied by 
architectural researchers. The study is based on the analysis of 482 articles on vernacular 
architecture published between 2000 and 2018 and scanned in WOS. When these articles are 
evaluated, it can be said that the number of publications focusing on the integration of 
vernacular architectural knowledge with contemporary knowledge and technology has 
increased especially in recent years. In the titles or key motivation of these studies “learning 
from” is a common discourse but future studies are responsible for moving these approaches 
one step ahead. By uniting learning from vernacular architecture with the knowledge on 
“location” and blending with technology they should develop innovative methods of which 
physical tests are conducted. These studies should be supported via interdisciplinary 
partnerships and their positive/negative results should be, with all their pros and cons, shared 
with research circles. 
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INVESTIGATING THE WAYS OF LEARNING FROM 
VERNACULAR ARCHITECTURE 

ILKER FATIH OZORHON & GULIZ OZORHON 
Department of Architecture, Ozyegin University, Turkey 

ABSTRACT 
The aim of this study is to investigate the methods for learning from the past and to explore alternative 
directions/approaches towards transferring past knowledge for the living environments of tomorrow. 
To achieve this objective, this study suggests a holistic model that combines a variety of layers, 
directions and methods for utilizing vernacular-architecture knowledge. Three key components of this 
model are: (1) Learning from Vernacular Architecture (LF-VA), (2) Learning from Experience (LF-E) 
and (3) Learning from Researchers (LF-R). Based on the scope of this study, each component has been 
independently examined and their unique characteristics as well as subcomponents have been indicated. 
Finally, the authors of this study suggested a model that can make alternative situations visible not only 
for their future researches, but also for other scholars aiming to learn from vernacular architecture.  
Keywords: learning from the past, vernacular architecture, vernacular knowledge. 

1  INTRODUCTION 
“Whether it be built or unbuilt any given architecture work is simply a ‘trial’. 
It is nothing beyond presenting scientific paper or opening the ideas to 
discussion. What is worthy here is being aware of the concluded and suggested 
ideas and this can only be achieved by wondering about the past; analyzing, 
interpreting, associating and questioning what has been seen and heard” 

Yürekli, 20111. 

The roots of architecture go back to the former dates and past experiences. This experience 
is a great source of inspiration in detecting, analyzing and developing suggestions for the 
settlement and housing problems of modern age. Trying to comprehend this human 
experience that was accumulated for ages and seeking this knowledge in designing modern 
living environments is, beyond anything else, a logical approach. It is a widely accepted fact 
that there are still many things architecture can learn from vernacular buildings. The most 
important concern is how we can use vernacular architecture technology to design buildings 
working well in the future. In this context, the key challenge in the 21st century is to learn 
the basic rules and principles of vernacular architecture and to find ways to integrate these 
rules with development plans to enhance existing habitats and to design new habitats 
(Masrour and Karbaschi 2). The key motivation of our study is to seek new ways for 
learning from the past. 

1.1  Methodology 

In that sense how can architecture environment benefit from accumulation/knowledge that 
has built up in layers for many centuries? The aim of this study is to investigate the methods 
for learning from the past and to explore alternative directions/approaches towards 
transferring past knowledge for the living environments of tomorrow. To achieve that 
objective this study suggests a holistic model that combines a variety of layers, directions 
and methods for utilizing vernacular-architecture knowledge. This model integrates three key 
themes (Fig. 1): (1) Learning from Vernacular Architecture (LF-VA): Existing settlements;  
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Figure 1:  Themes of Learning from Past. 

(2) Learning from Experience (LF-E): from those who learned from vernacular, (3) Learning 
from Researchers (LF-R). 
     Within the context of this study, each theme will be independently analyzed and each one 
will be presented with its unique dynamics. In the end, all of the collected data will allow us 
to suggest a holistic guideline-model that can let us explore alternative ways for transferring 
knowledge from vernacular architecture. 

2  AN APPROACH FOR LEARNING FROM THE PAST 

2.1  Learning from Vernacular Architecture (LF-VA) 

The first theme to handle focuses on gaining knowledge from vernacular settlements  
via analyses and observations while also presenting this knowledge for the use of  
architectural-science environment in a systematic point of view. Identifying and documenting 
a location/settlement by using alternative methods and architectural representation tools is 
vital as it offers a background for prospective studies. Needless to say, vernacular examples 
offer a rich repertoire of architectural knowledge not only in the field of design, innovations, 
and sustainable techniques but also in other theoretical fields (Rashid and Ara 3). If the aim 
is truly to learn from vernacular architecture, what is needed is a holistic, integrated and 
critical approach that complements the study of the environmental qualities and performance 
of vernacular architecture with an examination of its social, political and economic  
aspects (Velinga 4). 
     There are alternative dynamics to achieve knowledge transfer from vernacular 
architecture via existing settlements. Mainly these dynamics can be grouped under two titles 
(Fig. 2). Within the context of this study the first title is defined as built environment; whilst 
the second one as socio-cultural environment. Although built environment and socio-cultural 
environment are two interconnected and almost inseparable concepts, in reality, they exhibit 
distinctively dissimilar structures. Hence examining the two structures independently and 
dealing with their subtitles accordingly holds significance both to simplify the 
comprehensibility of vernacular architecture and to learn from vernacular architecture.  
     Built environment includes in itself a list of different structure-scales. Rapaport 5 also 
argues that “humans cannot examine only an isolated single building; rather s/he must 
analyze connection of the building with the components of whole system; open spaces, roads, 
other settlements, neighbors, neighbor settlements and occasionally the entire region (and its 
ingredients under all circumstances and situations); hence it may be the logical approach to 
utilize a myriad of scales to comprehend built environments. These scales can be listed as 
settlement (general layout decisions, topography relations, orientation principles…), 
buildings (space organization, local spatial solutions), elements of a building  
(system, material…). 
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Figure 2:  LF-VA (Learning from Vernacular Architecture). 

 
     In the words of Hillier and Hanson 6 in vernacular architecture, the existence of space 
in social structure is provided with the continuity of unwritten traditional rules. Socio-cultural 
environment is a multi-layered and complex structure that includes in itself a variety of 
structures such as tradition, culture, norms and values system and this complex body also 
includes key arguments that allow to form the model for structural vernacular-architecture. 
All in all, socio-cultural environment is a significant point for researchers motivated to learn 
from vernacular architecture and also a great field of research that necessitates an 
interdisciplinary analysis. 
     Of course, environmental conditions and spatial requirements are in constant change. 
Therefore, vernacular architecture products may not fully meet expectations with their 
current state. Nevertheless, again by learning from them, it may be possible to develop  
low-cost traditional solutions or innovative solutions based on vernacular construction 
methods (Meir and Roaf 7) 

2.2  Learning from Experience (LF-E) 

The second theme of this study can be outlined as examining architectural influence of those 
architects using vernacular architecture knowledge in architecture productions and trying to 
understand their methods. In other words, what it means is that learning from the experiences 
of architects, in one sense, tries to unveil vernacular architecture knowledge through 
identifications, observations and releases while in another sense putting learnings from this 
architecture–philosophical motto, in particular, into the center of this unique architecture 
approach and using vernacular architecture as a reference in creating a structure is their goal. 
To that end, the authors suggested (Ozorhon and Ozorhon 8) in their earlier studies two 
interlinked directions. The first direction is analyzing discourses/philosophies of these 
architects and the second direction is examining architectural products they exhibited which 
are fed by their discourses (Fig. 3). 
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Figure 3:  LF-E (Learning from Experience). 

     It is obvious that analyzing architectural influence of Fathy, Correa and similar architects 
is instructive from some aspects. Indeed, they continue to be a source of inspiration and a 
part of architecture education with their architectural products and discourses. They oppose 
commercialized architecture dominating the whole globe and acting as a mere commodity 
that only pays heeds to what is popular; rather scholars hope to analyze culture knowingly 
and holistically with an aim to ensure the continuity of culture and bridge the past with the 
future. Although a number of approaches criticize the philosophy they follow, the common 
trait differentiating these names is not the destination, but the method followed to reach this 
destination. The arguments they propose and their approach to continue the same 
determination in their architectural activities, question how these life dynamics are reflected 
on architecture and viewing and seeking the “human” with their unique personal features and 
components of social unity and classifying the characteristics of “place” as the key 
component of their designs will continue to be a guideline for architecture researchers and 
practitioners in all ages (Ozorhon and Ozorhon 8). 
     Hence we believe that a secondary but effective method for learning from  
vernacular architecture is learning from the experiences of architects nourished  
from vernacular architecture.  

2.3  Learning from Research (LF-R) 

The third theme is to learn via transferring knowledge from the works of architecture 
researchers. Currently there is a vast accumulation for this type of learning that keeps on 
increasing each day. Some of the applied tools are; research projects, dissertations, articles 
and books (Fig. 4). Within that context (LF-R) two different methods can be used. The first 
one is individually using researches/research findings. For instance, in a research project a 
model or strategy that is developed by learning from vernacular architecture can be utilized 
or honed in designing the new one. This method is viewed as the most effective and powerful 
method to create innovative future projects by integrating past knowledge with technological 
advancements. On the other hand, the second way for LF-R could be attempting to 
read/understand the researches as a single unity. This method would enable to create holistic 
knowledge that is based on the accumulated knowledge in relevant literature and focusing on 
interpreting such knowledge. Consequently, even though accumulation created in LF-R is a 
secondary source of learning from vernacular architecture, thanks to its enriched structure 
with the contribution of studies in other disciplines, the method should be valued as a vital 
road to guide the future. 
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Figure 4:  LF-R (Learning from Researches). 

     Here it is also significant to add Rapoport’s interpretation quoted by Asquith and Vellinga 
9. “So far, Rapoport notes, the field of vernacular studies has been in its ‘natural history’ 
stage, ‘describing and documenting buildings, identifying their variety, classifying them and 
so on’. However, in order for the vernacular to teach lessons that are relevant to the future, a 
more problem-oriented, comparative and integrative stage that leads to explanatory theory 
needs to be entered”. 

3  HOLISTIC EVALUATION 
In the second part of this study, subthemes of learning from past (LFP) in general and in 
particular learning from vernacular architecture (LF-VA) have been presented with their 
unique dynamics. Yet there is a significant point that any researcher searching for means to 
transfer knowledge from vernacular architecture must remember. That is to say, even though 
the nature of this research necessitated the analysis of each theme independently, one must 
treat vernacular architecture as a complex unity that includes many interconnected relations 
and layers. Thus, not every single dynamic should be viewed as an independent entity but 
interpreted in regards to its link with others and facts of the time it belongs to. 
     This paper aims to search alternative road for learning from vernacular architecture. It is 
no doubt that this is a vast research subject and since what is mentioned here is a  
location-dependent architecture and its products, it is suggested to endlessly develop these 
studies based on each new location. Thus, it has been the aim of this paper to suggest a 
holistic-base model not dependent on a specific location. Fig. 5 exhibits components of 
learning from vernacular architecture and interlinks between these inner components. 
     In that case primary source in learning from vernacular architecture is LF-VA, secondary 
sources are LF-E and LF-R. Therefore, the system is fed by LF-VA, LF-E and LF-R. To put 
this clearly vernacular architecture itself, learners from vernacular architecture and 
vernacular architecture researchers offer the main data that fill the knowledge pool. On the 
other hand, experience and research feed one another reciprocally. In this system key factors 
that vitalize knowledge pool are models, concepts and theories; primary concepts are 
documentation, conservation, adaptation and innovation. How to transfer data that make up 
knowledge pool to the future and architecture environment of tomorrow is indeed a critical 
matter. Some of the key concepts that might be vital are identity, continuity and 
sustainability. 
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Figure 5:    Components of the case of guidelines/learning from vernacular architecture and 
interlinks between these components. 

3.1  Case study 

The model, elaborated in the previous section, contains different ways of learning from 
vernacular architecture. In this section of the study, a case study in which two of these ways 
are followed together is given. Göynük, one of the traditional Anatolian settlements, was 
chosen for the sample. Located in the province of Bolu in the north-west of Turkey, Goynuk 
is a settlement dates back to 1200s B.C. Within the scope of the study, two suggested routes 
(LF-VA, LF-R) in the model were followed (Fig. 6) For this purpose, firstly, literature 
research was conducted, academic studies on settlement were examined and two publications 
were reached in the field of architecture. The first of these is a doctoral dissertation entitled 
“Göynük the historical site; religious and civil architecture heritage conservation problems 
and issues for new building” (Erdem 10). The second publication on the settlement is an 
article titled “Spatial Structure of Traditional Göynük Houses and Recommendations for 
Conservation” (Dikmen and Toruk 11). 
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Figure 6:  Routes followed for the case. 

     After the literature review, a study trip was made to the settlement. The settlement was 
examined under the guidance of a local official, and maps, photographs and videos were 
identified. After the trip, the original features of the settlement were examined under various 
headings (such as spatial organisation, structural elements, construction system, materials 
and originality issues in architecture) and their determinations, observations and 
interpretations were systematically brought together. 
     Both the above-mentioned studies on the settlement of Göynük provide various 
determinations related to the settlement, argue that it should be protected and make  
various recommendations for this. Beyond these, the aim of this study is to take a new step 
in the future. After the idetification studies, future interpretations of how vernacular 
architecture knowledge could be useful for the future were tried to be created, sketches and 
collages were prepared. suggestions were developed based on the assumption that some 
situations within the original structure of vernacular architecture examples may exist in 
contemporary architecture and that this continuity may also answer some problems (such as 
scale, context) of contemporary architecture. For example, a proposal is based on a critical 
reading of existing settlements; instead of being disconnected from its environment (as in 
today’s examples), a fragmented and widespread understanding of mass (as in traditional 
Göynük houses) that relate to its environment (as in the past) has been proposed instead of 
vertical and one-piece blocks (Fig. 7(a)). Another study criticizes the reduction of the form 
with a formalist approach while making use of traditional architecture. Instead, it is 
emphasized that the “essence” should be sought and that the culture of life, climate 
interpretation and the use of materials in vernacular architecture can be guiding (Fig. 7(b)). 
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Figure 7:  Examples of posters. 

     As a result of the study, it is seen that using key concepts can be a powerful way to feed 
on vernacular architecture. Thus, a method based on conceptualization was implemented in 
order to benefit from vernacular architectural knowledge. Within this frame, the 
interpretations about the future were constructed over concepts/searches, and in the posters 
(Fig. 7), various images corresponding to the concepts were used, and the knowledge 
revealed was concretized through the images.  

4  CONCLUSION 
Architecture is related with the world’s most ancient and profound knowledge. Learning from 
this treasure accumulated for centuries by rising above the layers of previous knowledge has 
globally been the basis of architecture profession and architecture education. Likewise, this 
research was grounded on this basis and it aimed to discover alternative routes for the  
future-oriented learning by consulting the vernacular architecture knowledge of past era. 
Besides, the authors of this study aimed to provide a model that can make alternative 
situations visible for not only their future research but also for other researchers aiming to 
learn from vernacular architecture. As a result of these aims, a guideline-model that displayed 
the main dynamics of learning from vernacular architecture and interconnections between 
these dynamics has been formed. Developing the suggested model and experiencing the 
alternative roads in this model are only a few of the methods that can be suggested for future 
studies. The authors of this paper hold the belief that another alternative suggestion for  
future researchers as a follow-up is to analyze directions and methods to transfer to the future 
knowledge that is united via a range of methods. 
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SANTIAGO SÁNCHEZ-BEITIA, DANIEL LUENGAS-CARREÑO & MAITE CRESPO DE ANTONIO 
High Technical School of Architecture, University of the Basque Country UPV/EHU, Spain 

ABSTRACT 
Lighthouses are a symbiosis of architecture and technology, combining a tower, an adjacent building 
with living quarters and stores, and technology that produces signals for sailors. They must be 
permanently in operation and they must be unmistakably distinguished from other nearby lighthouses. 
They are extremely versatile elements that satisfy several functions in addition to the light signals. The 
authors consider that traditional lighthouses, commissioned in the mid-19th century, are genuine 
signalling factories, and that they must be studied as such, based on the concepts defined by the 
UNESCO documents, among others, for industrial heritage. Recently, the Institute of Cultural Heritage 
of Spain (IPCE), dependent upon the Government of Spain, has considered lighthouses with a historical 
value as industrial heritage elements. The authors accept this consideration and as such, in 2017, the 
drafting of the Catalogue of Lighthouses with heritage value in Spain was commissioned by the IPCE. 
A large number of projects are being activated today to include tourist uses in the lighthouses. However, 
it has been detected that these projects eliminate tangible and intangible materials that irreversibly 
distort the lighthouse as an example of our industrial heritage. The paper aims to detect the 
characteristics that must be assessed to establish the heritage value of historical lighthouses and propose 
a procedure for their evaluation. By way of an example, the value of the lighthouse of the Island of 
Santa Clara in Donostia-San Sebastian (Spain) is analysed from the viewpoint of its pertinence to the 
industrial heritage. To characterise a lighthouse, its architecture, location, the technology implemented 
in the lamp that tops the tower, and its spatial distribution must be analysed. 
Keywords:  historical lighthouses, industrial heritage, historical architecture and technology, Santa 
Clara Island. 

1  INTRODUCTION 
As a result of current technological advances, lighthouses built in the mid-19th century have 
lost part of the functions assigned to them. Originally, these elements indicated orographic 
milestones on the coast, they guided navigation, they emitted acoustic signals in foggy 
weather, they were able to guide air traffic during the first half of the 20th century, they 
warned of smuggling and fishing grounds, and they even acted as watchtowers carrying out 
defensive tasks. They are a combination of architecture and technology, forming genuine 
“signalling factories”. The optics (mainly Fresnel lenses) and their rotation mechanisms, that 
can reach up to 2,000 kg in weight, were placed on the cusp of a tower measuring  
several metres high and located in practically inaccessible places, forming genuine 
construction feats. 
     With the exception of the sound coming from acoustic fog signals, the lighthouse is 
probably the only piece of machinery built by man in the 19th century that does not produce 
noise. The optics rotation or obscuration screen mechanism was generated by a weight that 
fell by force of gravity through the tower. The light generated by the lamp was guided by 
means of some metal plates that worked by reflection (catoptric optics) or by means of 
Fresnel lenses (dioptric optics), working by refraction or by means of a combination of both 
technologies (catadioptric optics). The aim is to generate a beam of light at regular time 
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intervals that unmistakably identifies each lighthouse [1]. All of this was in permanent 
operation all the hours of the year. In the slang used among maritime navigation 
professionals, the term “lighting of the lighthouse” is used to identify the date when it came 
into operation. The luminous signal and the construction element that contains it (the tower) 
are especially important. 
     Another relevant factor is the building of living quarters for the lighthouse or tower 
keepers. These professionals had to permanently live in the lighthouse accompanied by their 
families, creating a peculiar building organisation. The lighthouse keeper had to write every 
day in the Order Log, the Communications Log and the Service Log, mentioning any 
contingencies observed and even a brief weather report. The distribution of spaces and their 
organisation responds to a necessary plan. One part was used by the main lighthouse or tower 
keeper, which was differentiated from the area designated for the assistant (more than one in 
some cases). The workplaces and the living quarters are two and the same. Operating the 
lighthouse requires a small office, some small workshops to carry out maintenance and 
repairs, and stores for fuel and spare parts. In many lighthouses, the living quarters were 
accessed the service area. They all had a cistern, a market garden and premises to stable 
subsistence animals. Electrification began during the last decade of the 19th century.  
     The lighthouse is an elusive construction. During the day, the architecture is observed, 
with the tower, the living quarters of the lighthouse or tower keepers, and other adjacent 
buildings used as workshops or stores, but the light emitted is not seen. At night, the lighting 
system, produced by rotations or flashes, stands out, and the construction system is not seen. 
Only at dawn and during the final minutes of nightfall is it possible to appreciate both 
architecture and light. 
     Lighthouses were built in Spain as a result of four national plans designed by the 
Lighthouse Commission in 1842, 1902, 1967 and 1989/1995. In the first plan, approximately 
100 out of the 190 lighthouses in operation today were built [2]. Their historical value is 
identified with the state of technology and of construction at their “lighting” period. All of 
them have an intrinsic value based on their location. In mid-19th century more than 4,000 
lighthouses were constructed worldwide, using a technology specifically developed for this 
[3]. The Fresnel lenses went from the laboratory to be used in industry, while the towers were 
erected in masonry by master stonemasons who participated in Spain in the construction of 
the 19th century neo-Gothic cathedrals. It was an emerging market that brought considerable 
profits for French, English and German companies. Today, lighthouses preserve their value 
as signalling elements by integrating in them the modern positioning and guidance systems. 
However, the majority are “remotely” managed so the continuous presence of the tower or 
lighthouse keeper, a profession that is gradually disappearing, is not necessary. 
     A large number of projects are being activated today to include tourist uses in the 
lighthouses. In all cases, in agreement with the Spanish legislation, it is compulsory to 
maintain the use of the lighthouse as an element of aid to maritime navigation. However, it 
has been detected that these projects eliminate tangible and intangible materials that 
irreversibly distort the lighthouse as an example of our industrial heritage. The article aims 
to draw attention to this problem. 
     Therefore, the objective of the article is to establish the bases to detect the heritage values 
of historical lighthouses and to show the way to characterise this type of constructions based 
on industrial heritage parameters. The analysis methodology carried out can be applied to 
any historical lighthouse. 
     As an example of the analysis of the characteristics of Spanish lighthouses in mid-19th 
century, the lighthouse of the Island of Santa Clara in Donostia-San Sebastian (Spain) is 
described in this article (Fig. 1). It is small in size when compared with the large Spanish 
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lighthouses (e.g. Chipiona, Cape Palos, Tower of Hercules and Maspalomas). This lighthouse 
complies with the connotations mentioned in the previous paragraph, with the peculiarity of 
being located on an island contributing to its original integrity. 
 

 
(a)

 
(b) (c)

Figure 1:   (a) General view of La Concha Bay in Donostia-San Sebastian (Spain); (b) The 
Island of Santa Clara; and (c) The lighthouse of the Island of Santa Clara. 

2  CONCEPTS REQUIRED TO IDENTIFY AND CHARACTERISE  
INDUSTRIAL HERITAGE ELEMENTS 

Recently, the Institute of Cultural Heritage of Spain (IPCE), dependent upon the Government 
of Spain, has considered lighthouses with a historical value as industrial heritage elements. 
The authors accept this consideration and as such, in 2017, the drafting of the Catalogue of 
Lighthouses with heritage value in Spain was commissioned by the IPCE [4]–[7]. The 
lighthouse of the Island of Santa Clara forms part of this catalogue.  
     The National Plan for Industrial Heritage [8], [9] of the IPCE defines what is understood 
by industrial heritage and which components form part of an element considered as such. 
Special emphasis is placed on them being elements whose origins lie in the Industrial 
Revolution that started in England at the end of the 18th century and that, in Spain, was 
consolidated from the third decade of the 19th century on. Industrial heritage is associated 
with an industrial era and includes “tangible and intangible contents associated with the 
working memory work and the place”. It also mentions that “Probably, one of the most 
important criticisms in heritage-related interventions of recent years has been that some of 
the projects have left the original elements devoid of content, provoking the absence of 
references and the loss of the working memory. Not all restored buildings can be adapted to 
any new functionality. Industrial heritage is the result of a certain relatedness, of capitalism, 
and with a specific technological system: mechanisation. Consequently, their elements were 
erected between mid-18th century and the last third of the 20th century”. 
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     The analysis of an industrial heritage element with historical value must include both its 
tangible and intangible elements. The former can easily be identified. The latter can be 
defined as “entities of industrial memory” [8], [9] which are the testimonies that represent a 
comprehensive part of the historical memory associated with a working system.  

3  METHODOLOGY 
In addition to the concepts reflected in the National Plan for Industrial Heritage [8], [9], the 
following documents have been followed to establish the heritage value of historical 
lighthouses: Recommendation of the Council of Europe no. R (87) 24 [10] and no. R (90) 20 
[11]; The Nizhny Tagil Charter for Industrial Heritage [12]; Principles of Dublin (2011) 
drafted jointly by ICOMOS-UNESCO [13]; and Resolution 1924 (2013) of the Council of 
Europe entitled Industrial Heritage in Europe [14]. 
     The lighthouse of the Island of Santa Clara has been investigated through historical-
documentary analysis and historical-constructive analysis, in order to determine its original 
architectonical elements, spatial distribution and technology. 
     In the historical-documentary analysis, most of the documents were obtained from the 
Historical Archive of Ports of the State. Specifically, folders 77/7, 53/5, 78/1, 77/8 and 78/2 
of the Historical Archive of Ports of the State have been analysed. Other archives have also 
been consulted, such as the Archive of the Port Authority of Pasajes, the Municipal Archive 
of San Sebastian, the Historical Provincial Archive of Gipuzkoa, the General Archive of 
Gipuzkoa and the National Historical Archive of Spain. 
     In the historical-constructive analysis, a detailed study of the walls was performed 
indicating different materials, building periods and alterations. The study of the drawings of 
the original project has been essential, which have been compared with the current state of 
the building. 

4  THE LIGHTHOUSE OF THE ISLAND OF SANTA CLARA 

4.1  Location 

The lighthouse is located on the Island of Santa Clara at the entrance to La Concha Bay in 
Donostia-San Sebastian (Fig. 1). The lighthouse indicated the position of the Island of Santa 
Clara, the only navigable entrance to the bay to the port of Donostia-San Sebastian. The 
coordinates of the lighthouse of the Island of Santa Clara are Latitude: 43°19.315 N and 
Longitude: 1°59.896 W. The city has a geostrategic situation of interest as it is located in the 
far north of the Iberian Peninsula, 20 km from France in one of the corners of the Bay of 
Biscay. 

4.2  Original architectural project 

The “lighting” of the lighthouse of the Island of Santa Clara took place in September 1864. 
The original architectural project [15] can be seen in Figs 2 and 3. Probably, as justified 
below, the available planimetry is what today is called a “draft project” or “project ideas”, as 
neither the type of structure nor the materials used in the tower and in the living quarters 
building are indicated. 
     The lighthouse was planned to be used by a lighthouse or tower keeper. The spatial 
distribution and location of the tower correspond to Typology B-2 according to the 
classification defined by the first author for lighthouses with heritage value of Spain [4], [5], 
[7]. The entrance hall to the tower is the connecting axis between three areas: living quarters, 
offices and small workshop, and the tower that emits the light of the lighthouse.  
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Figure 2:  Elevation of the façades in the original project, 1864. 

 

Figure 3:  Longitudinal section and ground plan in the original project, 1864. 

     From the lighting viewpoint, it was initially proposed for it to have fixed white light with 
flashes every minute and a dioptric lens system from the firm Henry Lépaute with 
headquarters in Paris. The reach of the light had to be 9 nautical miles (16,668 km). 

4.3  Evolution and current state of architectural elements, spatial distribution  
and technology 

The written documentation dates back to 1911 so there is a total lack of documentation 
between this year and the year of lighting (1864). Forty-seven years during which it has been 
impossible to attest the changes that took place in the lighthouse, changes that are obvious 
but very small in number. From the constructive viewpoint, it is only detected, with respect 
to the current situation, that the under-roof floor is consolidated as a second floor with flat 
roof (Fig. 4). The authors consider that this modification was carried out immediately after 
the construction of the lighthouse for several reasons. It is even possible that originally, the 
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definite aspect was as observed today, and that the drawing shown in Fig. 6 is an indicative 
preliminary project. This fact has been observed in hundreds of documentary collections of 
other lighthouses analysed (e.g., the Lighthouse of Oropesa), where the original projects were 
changed as the definite construction date approached. The modification to include two 
storeys and a transitable flat roof simplified the work related to the exterior upkeep and 
maintenance of the tower. On the other hand, it increased the working area of the building of 
living quarters, office and small workshop. The spatial distribution of the new floor is 
identical to the lower floor without having to overburden the structure. In the case of the 
Lighthouse of the Island of Santa Clara, this new floor, accessed from the tower staircase 
(Fig. 5(a)), contained three bedrooms and a full bathroom, leaving the ground floor for dining 
room, kitchen, toilet, office and small workshop. The water tank is located on the new flat 
roof, which was filled from the cistern using manual operating pumps. 
 

(a) (b)

Figure 4:  (a) General aspect of the building today; and (b) Current flat roof. 

 
(a) (b)

Figure 5:  (a) Access to the second floor from the tower staircase; and (b) Lamp and dome. 
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(a) (b)

Figure 6:  (a) Access to the tower from the main entrance hall; and (b) Second-floor bedroom. 

     It can be stated that the construction has reached our days with a similar internal 
organisation to the original (Fig. 6). The current height measurements, ground plan, door and 
window openings, dimensions of the tower and rooms, are identical to those that are 
described in the original drawing. A similar morphology of carpentry is even detected. The 
lighthouse has been uninhabited for the last 30 years so no modifications have been made to 
the spatial distribution throughout this period, helping to reinforce the idea of its original 
integrity. 
     A similar consideration can be made regarding the dimensions of the lamp and dome. 
During the presentation of the lighthouse by the Department of Public Works to the 
Management of the Group of Ports, in 1957 [16], it is mentioned that the lamp is octagonal 
with a dome installed in 1864 by the firm, Henry Lépaute, indicating its dimensions. This 
information already appeared in the original project so by verifying the current dimensions, 
it can be said that the lamp and dome are the original ones from 1864 (Fig. 5(b)). 
     Regarding the optics, and consulting available documentary sources, they have undergone 
two modifications as a result of the service needs. In 1911, the Lighthouse Commission 
decided to modify the appearance of the lighthouse light for sailors (Royal Order of 23 
February 1911). This appearance must be a white light with groups of three obscuration’s 
that must be achieved with metal screens. The optics remain intact and immobile, coupling a 
rotation system with two outer screens, with a speed of one turn every 30 seconds. The 
screens are placed floating in a tank of mercury, connected to a cable and a 30 kg weight that 
descends by force of gravity down the lighthouse tower (8 m run), according to 1911 project 
(Fig. 7(a)). The down chute of the weight can be seen today (Fig. 7(b)). The great advance 
represented by the design of mercury floats in O-ring vats to facilitate the rotation process 
must be pointed out. 
     This system was ordered in 1911 from the French firm, Barbier, Benard and Turenne, 
increasing the reach of the light to 12 nautical miles (22,224 km). The lamp was incandescent 
powered by gasoline. The complete replacement process ended on 25 August 1916. The long 
construction and installation period reflect the difficulty of taking any material to the 
lighthouse of the Island of Santa Clara. Probably the onset of the First World War in 1914 
contributed to the delay of the work. 
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(a) (b)

Figure 7:   (a) Weight system of the rotation system according to the 1911 project; and  
(b) Down chute of the weight of the rotation system of the optics screens today. 

     The original 1864 optics are perfectly preserved today and can be found at the 
headquarters of the Ports of the Basque Government organisation in the port of Donostia-San 
Sebastian. The new optics introduced according to the 1943 project, working with a lamp of 
compressed acetylene dissolved in acetone, is still kept in the lighthouse today as reserve 
optics to those implemented in 2008. The latter, of acrylic material, works with LED lamps, 
generating flashes with no rotation mechanism. In other words, throughout the history of the 
lighthouse, three optics have been implemented; the initial 1864 optics that are preserved as 
a “museum piece”, the 1943 optics that are preserved in their entirety in the lighthouse as 
reserve optics, and the current 2008 optics (Fig. 8(a)). The electrification of the lighthouse 
was carried out in 1942 based on a project of 1932. 
 

 
(a) (b)

Figure 8:    (a) Acrylic optics of 2008 on white-coloured base placed on the optics 
implemented in 1943, with inclined struts (both work with flashes of the lamp 
with no rotation mechanism); and (b) Detail of the semi-embedded tower in the 
living quarters, office and store building. 
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     Finally, we must mention that improvements were made to the lighthouse esplanade in 
1930. In 1945 some repairs were made to the path going from the wharf to the lighthouse and 
the floor planks of the living quarters building were replaced with ceramic tiles. 

5  DISCUSSION AND CONCLUSIONS 
This paper is a contribution towards understanding the heritage values of historical 
lighthouses. The methodology was appropriate to determine the original architectonical 
elements, spatial distribution and technology of the lighthouse of the Island of Santa Clara. 
     The lighthouse of the Island of Santa Clara has remained practically intact since the time 
of its “lighting”. Both the architecture, technology and its organisation clearly represent an 
example of lighthouses constructed in Europe in mid-19th century. In the authors’ opinion, 
it must unquestionably pertain to a catalogue of elements considered as industrial heritage. 
     It is deemed to be confirmed that the “lighting” of the lighthouse of the Island of Santa 
Clara took place in September 1864. The elements of the tower (staircase and masonry), the 
lamp and the optics, except for the 1943 replacement, remain unchanged in time. This quality 
is associated with the tangible value of the lighthouse as pertaining to the industrial heritage. 
These are key elements that “produce” signalling for sailors.  
     It has been possible to detect the original distribution of the house of the lighthouse keeper. 
The use of the under-roof floor of the original project as a second floor of the living quarters 
building, permitted improving the quality of life of the lighthouse keeper. The living quarters 
and the working place necessarily cohabited: the spatial distribution responded to a 
programme that was consciously executed. They formed part of another intangible symbol 
of the working culture of the construction era. The cistern, market garden and small pavilion 
for subsistence animals were necessary due to the confinement of the family during long 
periods of time. It was a combination of tangible and intangible values. 
     The viewpoints of the analysis conducted can be repeated for any other historical 
lighthouse. Only by performing an exhaustive analysis of the values of the lighthouse based 
on the tenets of the industrial heritage, is it possible to guide a restoration project of these 
magnificent constructions. 
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REVIVING CRAFTSMANSHIP AND CRAFTS WITHIN THE 
CONTEXT OF INDUSTRIAL ARCHITECTURAL HERITAGE 

MOHAMAD H. NASRI & ALINE M. MANSOUR 
Faculty of Architecture and Design, City University, Tripoli, Lebanon 

ABSTRACT 
In this paper, we attempt to redefine the heritage of craftsmanship and to find out how and where it can 
exist alongside mass-production within our industrialized and digitalized society and within the setup 
of our industrial architectural heritage. This theoretical background is grounded through a design 
intervention that injects an urban/architectural program, with interactive public and 
craftsmen/designers’ spaces, within an urban hiatus that is dominated by an industrial environment of 
an abandoned early 20th century train station in the vicinity of the seaport of Tripoli, Lebanon. The 
paper starts by explaining the process of transformation of the notion of craftsmanship and its 
relationship with manufacturing and mass production since the industrial revolution. It then articulates 
the recent attempts at reviving craftsmanship through the paradigm of individuation through 
consumption where craftsmanship becomes not only a means of expressing individuality, but also a 
communal experience based on technology and digital expertise, and on the role of the designer. Then 
the paper moves into the design intervention in Tripoli where the revival of craftsmanship is projected 
onto the domain of revitalization of industrial and architectural heritage, in a place where different 
historical and architectural eras collapse into a number of abandoned sites and buildings, reconnected 
and regenerated in a new urban/architectural scheme, in an attempt at rescuing the district from the 
destined obsolescence it is heading towards. Finally, the paper concludes with highlighting  
the importance of salvaging potential socioeconomic patterns, especially in the domain of 
craftsmanship, through a smarter and more sustainable reclaiming of parts of the city that are belittled 
under the tag of “abandoned industrial sites” or “deserted industrial buildings”. 
Keywords:  craftsmanship, crafts, industrial heritage, industrial archaeology, architectural heritage, 
cultural heritage, urban gap, abandoned site, deserted building. 

1  INTRODUCTION 
The setting of this paper is the revival of crafts and craftsmanship within the context of 
industrial architectural and urban heritage. The hypothesis of the paper is that the historical 
leaps within the chain of development of our inherited crafts that occurred as a result of the 
industrial revolution, and which were manifested in a complex process of transformation 
leading ultimately to a paradigm shift, has indirectly led to the spread of gaps within the life 
of the city, its socioeconomic patterns, and ultimately its inherited physical and urban forms 
and patterns. And if there is anything to be done about reviving our heritage of crafts into the 
contemporary model of production it is shifting towards, then it is probably important to 
exploit and salvage the same city gaps with the aim of healing of our urban and architectural 
industrial heritage.  
     Through the portrayal of a design intervention within a specific industrial setting, the 
paper will illustrate an attempt at reviving of endangered crafts in the context of Tripoli, 
Lebanon, superimposed upon a restorative endeavour of an urban gap, rich in industrial 
architectural heritage, within the same city.  

2  RESEARCH GOALS AND METHODOLOGY 
Our research aims at a better understanding of the relationship between the process of 
socioeconomic rejuvenation and the intrinsic transformation within the sector of crafts on 
one hand, and, on the other hand, the process of urban reintegration of city gaps and 
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architectural recycling of industrial buildings. In order to achieve this goal, we will work 
along two parallel dimensions: understanding the historical transformation of the notion of 
craftsmanship since the industrial revolution and its recent manifestation into new digitally 
based and designer-centred models that are in need of new infrastructures and urban setups; 
and parallel to that, exploring of urban gaps that are rich in industrial architectural heritage, 
and that are characteristic of many of our cities today, in terms of their potential as appropriate 
setups for the regeneration of local crafts and manufacturing enterprises set within a context 
of digitalized industrialism.  

3  TRANSFORMATION OF THE NOTION OF CRAFTSMANSHIP 
“Craftsmanship is a basic human impulse. With that comes pride in one’s work, a sense of 
purpose, a distinction that has more to do with the motivation that informed the production 
than the production itself” (Sennett, [1]). 
     Craftsmanship, per definition, is the notion of measuring the skilfulness and accuracy of 
one’s manual work in a barefaced economic framework of individualized wages, and a candid 
social framework of producer and consumer. However, craftsmanship, per significance, and 
especially in the typical case of a middle eastern traditional city like our case of Tripoli, 
Lebanon, has held a very clear role in shaping both the cultural and architectural facets of the 
city’s earliest developed markets or souks, such as: coppersmiths’ souk, herbalists souk, khan 
of the sewers, khan of the soaps, etc., each of which dedicated to a particular type of craft, 
structured around a network of alleys, and stretched alongside the city’s main arteries. 
     Since the last couple of decades, such markets, or souks have been suffering tremendously 
both in economic and physical manners. Due to the shift of interest, from the traditional, 
meaningful, and sincerely made goods, to the cheap and mass-produced, imported products, 
and due to the lack of the much-needed developments by the public sector, the souks grew 
into a weak case of coarse display arenas, unable of nurturing themselves nor serving the 
consumption needs of end-users in the globalized world we live in.  
     The truth of the matter is that, as the engine of industrialization thundered through the 
Western world, it left in its wake a number of new social, economic and political 
developments that have shaped the manufacturing world we know today. Since the onset of 
the modern era and the industrial revolution of the 18th century, craftsmanship has functioned 
as an upright concept opposing industrialism or mass manufacture. In the 19th and early 20th 
centuries, products were either crafted – high quality and expensive or mass-manufactured 
and low quality and cheap.  
     In reference to such a critique, one might mention the communist ideas of Karl Marx that 
has become one of the most significant arguments against industrialism ever written. For 
Marx, modern industrial capitalism dehumanized labourers and made them tools of the upper 
classes (Marx and Angels [2]). Another response was the aesthetic reaction of the Arts and 
Crafts movement, which also derided the effects of modern mass production – adopting many 
of Marx’s ideas in the process. According to the Arts and Crafts movement, industry forced 
a separation of the craftsman from his craft and the artist from his art (Crook [3]). Both 
movements, then, were particular responses to the problems of industrialization. Marxism 
and the Arts and Crafts movement both used radical ideas to support their responses, and in 
their opposition to industrialism and their consensus that it is a dehumanizing force, these 
two ideologies were quite similar. 
     However, one cannot deny the fact that industrial methods of production stood as straight 
up forces of change that were able to facilitate a better correspondent relation between the 
two acts of consumption and production, regarding both time and cost effectiveness, and has 
therefore projected our ability to produce more conveniently. “The world of manufacturing 
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has always been a hotbed for innovation and experimentation, often veering towards 
extremes, from the industrial revolution’s steam punk mess and hierarchical layouts, to 
modernism’s clinical tidiness and utopian dreams” (Dowdy [4]). 

4  A NEW PARADIGM OF CRAFTSMANSHIP 
Recently, craftsmanship has been undergoing several attempts aiming at its revival that are 
quite promising. The rise of a new paradigm of individuation through consumption offers 
many new possibilities to craftsmanship as a concept. It means that craftsmanship, though a 
means to expressing individuality, it can really be re-defined as a communal experience. 
     Since the Digital Age, our manufacturing, production processes, and consumption needs 
have completely changed. As manufacturing techniques evolved, machines became quite 
capable of making beautiful, high quality objects, and Design with a capital D replaced mass 
production in the quality vs. quantity debate. The designer became master of production, able 
to dictate his designs to the market through the impact of digital technology. Makers design 
products that get modified via crowd sourcing or redesigned by their end-users; crowd 
funding and direct, small-scale investments make this financially possible.  
     Interestingly, what we are describing here is a quite similar system to what production 
appeared as through the Pre-Industrialization era – a period of workshops and division of 
labour – where the notions of makers and users become one and the same. How can we then, 
re-examine crafts and small-scale manufacture within our histories of industrialization? And 
how can we reflect on the long survival and adaptation of artisanal works within our 
globalized world of production and consumption? And, last but not least, how can we 
incorporate our new models of crafts and craftsmanship within our plans of revitalization of 
industrial and architectural heritage? 

5  REVITALIZATION OF INDUSTRIAL ARCHITECTURAL HERITAGE 
The notion of industrial architectural heritage covers the essential, and side characteristics of 
sites, buildings, structures and even materials that embody a certain industrial presence. To 
attempt to revitalize an industrially categorized site requires a selective study of its industrial 
past, with the aim of understanding the nature and correlation between all of the collective 
architectural, urban, construction and engineering elements unveiled.  
     Many surveys undertaken over the years in different cities around the world revealed that 
the number of industrial buildings at risk of demolition is on a much greater scale than other 
types of buildings at risk. While the theories of industrial heritage are still gradually gaining 
significance, and where cities are starting to catch on the potential in transforming many of 
its wasted, abandoned sites into a rather cultural, touristic destination quite distinct from the 
rest of the city, the appreciation of the importance of industrial heritage by the general public 
is still very much lacking in many places. 
     This is much the case in our example of the Mediterranean city of Tripoli, Lebanon, which 
as of the middle half of the 20th century has started to catch on with the rise of a new factorial 
troposphere that have completely wiped out a certain era, and opened doors to a new one. 
New typologies of industrial buildings for modern transportation and manufacturing started 
to flourish and developed into more complex industrial sites around the city. And due to the 
unplanned sprawl of the city in many cases, those peripheral industrial sites became parts of 
the city proper. But because of recurrent cycles of economic recessions, many of the above 
setups were mismanaged, unmaintained and became unable to sustain themselves, and were 
often abandoned and deserted leaving urban gaps that quickly transformed into slums. 
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6  THE URBAN HIATUS 
In actuality, the pith of the mess starts right at the northern borders of Tripoli, in a district 
that has gone through its highest and lowest peaks of economical and physical shapes, in the 
shortest period possible. A hidden shelter on the outskirts of the city has made of this district 
a favourable destination for civil wars to outburst, resulting in its quick transformation from 
an outgrown fruitful region to a hiatus of architectural, industrial remnants that are destined 
for obsolescence (Fig. 1).  
     The appeal to this district lies in the diversified historical and architectural epochs it has 
gone through and that have physically manifested into a number of sites and buildings, each 
with its own character and significance, despite their current unfortunate state. 
 

 

Figure 1:  Industrial, commercial, residential and farming zones in northern Tripoli. 

6.1  The harbour 

Settling right at the northern side of the district, the seaport (Fig. 2) was one of the two major 
transportation methods used in importing foreign products to supply the local markets and 
souks, which had its severe drawbacks on the production of locally made goods. The 
imported products consisted of ranges of construction to furnishing materials as in woods, 
metals, and clothing lines along the different sorts of fabrics, textiles, etc. A notice to mention 
is that back in 1952, the quantity of products brought from abroad across the same port has 
reached about a hundred thousand tons, which is around the same period of the rise of the 
industrial movement in the region. 
 

 
                            (a)                                                                 (b) 

Figure 2:  The seaport of Tripoli in (a) 1920; and (b) 2017. 
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6.2  The train station 

One of the most astonishing elements around is the “l’Orient Express” railway station that 
takes up to 57,000 m2 of the total area of the district, as in more than 50% of it. Built in 1908, 
with the financial assessment of local families, the railway was planned on connecting the 
city of Tripoli with Europe, Paris through the lands of Homos and Istanbul. It indeed arrived 
at Homos for the first time back in 1911 (Fig. 3(a)). The authority of the station was handed 
down to the Lebanese government as off the Independence Day, dating back to 1943, after 
the French had their full control over it.  
     In 1975, the station had suffered tremendously during the backlashes of the civil war and 
had completely stopped working ever since. Its devastating state is worsened as time went 
by, and what remains of it can still be witnessed today: The cracked walls, broken windows 
and shattered roofs, barely hanging in place, due to the lack or complete absence of 
maintenance efforts and renovation strategies (Fig. 3(b)). 
 

 
                        (a)                                                       (b) 

Figure 3:  The train station in (a) 1920; and (b) 2018. 

     The historical stone structures of the train station (Fig. 4) are now often used as shelters 
for cultural events, where different artists of different ages settle their small handmade 
merchandise on some tables under the crippled brick roofs, poking through the segmented 
arched openings, trying to appreciate this historical site with high sensitivity. 
 

 
                         (a)                                                         (b) 

Figure 4:    Recent photos for buildings in the train station. (a) Main building;  
(b) Administration building. 
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6.3  The Lions’ Tower 

A few meters down the railway station, and facing the north, lies the Lions Tower, aka “Burj 
al Sibaa”. Built around the Mamluk era, about seven hundred years ago, it was one of seven 
different towers that were constructed on the city shoreline to protect against military 
invasions. Henceforth, the city proper grew separately from the seaport and its surroundings. 
The medina (now the old town) with its souks and narrow alleys was planned out inland with 
a fortified and introverted configuration to withstand nearby wars.  
     The tower is a three-level high, bulky looking building made out of sturdy sandstone 
vaults, walls and columns. Entry is through a 4 meters high, recessed portal. Other openings 
around the building are rather narrow and limited in number (Fig. 5). The Lion’s Tower is 
one of the only two towers that remain standing to this day. As for its current usage, folk 
musical events are sometimes held within.  
 
 

 
                     (a)                                                     (b) 

Figure 5:  The Lions’ Tower. (a) Early 20th century; (b) In 2018. 

6.4  The concrete and steel structures 

Settling on both verges of the district’s main vehicular street are the industrial factories  
(Fig. 6(a)). Some are active, while others remain dysfunctional ever since the year of 1975, 
the onset of the civil war, when the district was shot down and stripped of almost all of its 
precious belongings. The factories were dedicated to the production of logwoods, aluminium, 
tiles and other construction related materials. The abandoned factories were mostly  
concrete structures while active factories were made out of steel skeletons cladded in plain 
metal sheets. 
     One particular industrial building to highlight here is a concrete “giant” structure, which 
rises three levels high with a total elevation of approximately seventeen meters (Fig. 6(b)). 
The three levelled building is basically two strands of concrete structures incorporating, on 
each floor, a series of workshops for furniture manufacturers with an attic ring sitting on top 
of the workshops beneath.  
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                          (a)                                                     (b) 

Figure 6:  Industrial buildings within the site:(a) Timber factory; (b) The concrete “giant”. 

     An appeal to this building would be the inner circulation that is shaped by two bridges 
connecting the two strands with each other, one resting flat while the other is basically a ramp 
looping over the open space in the heart of the building. These bridges were designed to carry 
out vehicular circulation allowing access for service trucks to reach the top of the building, 
besides on foot access. Additionally, one staircase is found inside each of the two structures, 
essentially leading the workers upward to their different stationeries while shortening the 
loopy distance. 
     Unfortunately, as is the case with almost all buildings in this hiatus, this particular 
structure is in a dreadful state, to the point where one might see the reinforcements of steel 
bars hanging out of many of its columns as well as floors. However, there is an undeniable 
potential of transformation, found in the physical entity and the space within, that might 
produce an outstanding experience for both visitors and workers. This will lead this structure 
to play a central role in our proposed intervention. 

6.5  The junkyards 

And lastly, in the narrower portion of the site, we can find a re-usable materials’ outdoor 
market, where a number of humble businessmen sell various building components ranging 
from glazed doors to bathroom fixtures that are previously used or found in abandoned 
buildings, but for cheaper prices (Fig. 7). The components are either sold as is or crushed and 
recycled into other products. This business takes up almost the majority of the site and takes 
away from its appeal, as there would be mountains of junk accumulating all over. 
 

 
                      (a)                                                           (b) 

Figure 7:  The junkyards. (a) The recycling arena; (b) The market. 
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7  THE DESIGN INTERVENTION: HEALING OF THE URBAN HIATUS  
The coexistence of all the above elements, including overlooked historical monuments, 
abused or abandoned industrial buildings, and wasted potential spaces, give our seaport 
neighbouring district an immensely distinguished and dominant industrial atmosphere 
saturated with the aroma of historical buildings, and standing in high contrast with the 
residential and commercial districts around. This northern hiatus, like other similarly 
neglected sites, is heading to a state of being almost entirely erased out of the map; historical 
buildings left to vanish, and surrounding properties turned into slums. A salvaging strategy 
of intervention is desperately asked for in such sites in order to stop the increasing 
deterioration and exploit inherent potentials of reuse and development with the aim of 
ensuring a prosperous and sustainable future for the city and its people as a whole.  

7.1  Scope and objectives of intervention 

The main target of our proposed intervention within this urban gap is to generate a catalyst 
for the growth of local manufacturing enterprises by creating a context where craftsmanship 
is showcased within an envelope of industrialism. The richness of both the district and 
craftsmanship are to be highlighted and brought to the people, whether artisans or simple 
visitors, in a new creative, interactive environment, while paying full admiration to the 
monumental components of the district that have long been neglected.  
     On the socioeconomic level, the intervention attempts to accommodate some of Tripoli’s 
most commonly known crafts (furniture making, fabric and textile related crafts, and soup 
and fragrances production), making use of the convenient locality of regional sources of 
goods, the harbour and factories in this case, and pumping a business-focused program that 
is able to offer craftsmen, as well as designers, an opportunity to gain both public exposure, 
and a steady income. 

7.2  Design methodology 

With the intention of re-establishing a rich connection between our urban gap and its 
surroundings, and with the aim of re-purposing of its identity through the creation of an 
innovation hub for digitalized craftsmanship, that is relatively new to the city of Tripoli, the 
idea is to highlight the passage of time that this district has gone through by shedding focus 
on its abandoned and looked-down upon buildings, and linking them together, and with other 
new structures, within an overall scheme of urban landscape. 
 
 

 

Figure 8:    Sectional diagram through the site showing the superimposition of the existing 
and proposed structures and programs within the setting of a comprehensive 
park. 
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     On the urban/architectural level, therefore, the intervention involves a phased 
transformation of the area, including the abandoned train station and the surrounding 
industrial structures and sites, into a public park that reconnects the deserted structures after 
transforming them into public buildings with cultural programs (Fig. 8). In this way, the 
intervention reclaims potential structures and spaces that are dissected by vehicular 
circulation, reconnects them by pedestrian paths and bridges, and transforms them into 
interactive public places where craftsmanship, though a means of expressing individuality, 
can really be re-defined as a communal experience.  

7.3  Mechanisms of intervention 

“The essential meaning of craft in architecture lies in the nature of the connections a building 
or space creates – both internally, between its constituent parts, and externally, through its 
relationship to its place. These connections can be physical, temporal, or even spiritual. 
Ideally, all three are integrated into one effort” (Sofield [5]).  
     Regenerating the site will therefore work along four interconnected, urban/architectural 
dimensions: first, conceiving the place as an all-inclusive public park, second, the provision 
of communal and interactive spaces, third, the superimposition of a pedestrian network over 
the vehicular one, and fourth, interfacing with reused and new structures through programs 
that are dedicated to the crafts revival and public service (Fig. 9). 
 

 

Figure 9:    Diagram representing the design layers applied over the targeted district. (a) 
Transversal pedestrian paths; (b) Lion’s Tower; (c) Longitudinal pedestrian 
paths; (d) Train station buildings; (e) Pedestrian bridges; (f) Loading bay area, 
(g) Production center; (h) Sunken plaza; (i) Public facilities; and (j) Innovation 
center. 

7.3.1  The communal public park 
The district under consideration will assume as its base layer a comprehensive park upon 
which the other layers of paths, interactive spaces, and functioning buildings will be 
superimposed. The acute lack of green and public spaces in Tripoli naturally drives towards 
such an approach. The train station site on the northern side will consume the bigger part of 
the park which will be lined up with prolonged promenades, along the lines of the historical 
railway roads, connecting the old structures of the station after transforming them into exhibit 
spaces and follies. The green scape in the southern part of the site submerges with the 
buildings at times, and surrounds them at others, creating thereby a potential environment for 
interaction with the industrial and public services within the buildings (Fig. 10).  
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Figure 10:    The conception of a park with layers of green areas, pedestrian paths and bridges, 
and buildings for crafts innovation and production. 

7.3.2  The public space 
Industrialized craftsmanship entails elements of skill, workmanship, and design, but also 
participation, community, and the merging of maker and user. This have led us to think of 
public or semi-public spaces that invite people to communicate and collaborate, but also 
allows for individual consumerism. 
     In our intervention, communal spaces are not limited to public outdoor space but can be 
part of the buildings themselves, either piercing a building through a public galleria, or 
overlapping with the interior space proper. Public communal spaces can be sunken (Fig. 11), 
can bridge over vehicular streets as floating platforms, or can be part of a bridging building 
itself. All these different combinations are expected to provide a varied and rich palette of 
spatial and urban experiences within the overall setting of a public park.  
 
 

 

Figure 11:  The sunken plaza. 
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7.3.3  The pedestrian path 
The old train station and the surrounding industrial sites and buildings, which are separated 
by vehicular streets, are now connected through a continuous promenade and network of 
paths generating the concept of a public park where the design and production of crafted 
objects are experienced within a diversified setting of industrial heritage.  
     The pedestrian pathways knit together the building and spatial components, bridging 
sometimes over vehicular streets, and passing through architectural structures at other times 
What results is a continuous looping promenade manifesting itself through a sequence of 
paved paths within the landscape, ramping platforms, and floating linear spaces (Fig. 12).  
     Within the old train station itself, a grid of longitudinal and transversal pedestrian 
pathways stretches across the entirety of the linear region, along the existing lines of the 
historical railway roads, and connecting the Lion’s Tower on one side and the different old 
buildings of the railway station on the other. 
 

 
 

 

Figure 12:  Variety of pedestrian paths. 

7.3.4  The semi-public building 
The notion of monolith building blocks that house a number of functions to satisfy an 
envisaged program is transformed into a typology of dynamic forms and spaces that 
propagate through the park in an attempt to break down the scale of some monumental 
structures and to integrate the public experience within the spaces of designers and makers.  
     The old stone buildings of the train station are either transformed into small galleries and 
exhibition spaces, or into a number of follies that enrich the experience of the public park. 
From the railway station, pedestrians cross towards the concrete ‘giant’ building which 
previously housed workshops and work yards but is now transformed into an Innovation 
Centre for product design, receiving designers, craftsmen, as well as public visitors. The 
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monolith of the building itself is stripped out of its massiveness and traversed by a galleria 
in addition to its internal atrium (Fig. 13). The building then breaks into different public 
platforms that bridge over another vehicular street, unto a sunken public plaza that provides 
access to a couple of showrooms. Through the open-air sunken plaza, the journey continues 
up into the semi-public circulation and exhibition spaces within the new Production Centre 
bridging again across the main vehicular street, and then ramping down back into the railway 
station. This loop is expected to assure maximum interaction between the designers, the 
makers and the consumer public, and is meant to dramatize the urban/architectural experience 
and ground it in the spirit of heritage and history.  
 

 

Figure 13:  The redesigned concrete “giant” building. 

8  CONCLUSION 
The paper touched on the subject of regeneration of a city’s inner gaps, abandoned buildings 
and deserted sites, endorsing it as a vital strategy for enabling people of achieving a more 
live-able, sustainable city through the awakening, restoration and revitalization of historic 
fabrics, in order to meet contemporary needs.  
     The design intervention aimed at promoting the rise of new ecological approaches towards 
an urban context that is vividly on the verge of disappearance, and rejuvenating a number of 
professional skills and trades that are highly underrated but still stand as the main source  
of living for many artisans that are quite good at what they do, but lack the ability of keeping 
up with the quickly advancing digital timeline. 
     A healthy rehabilitation plan and program, on both urban and cultural scales, can 
ultimately improve the sense of belonging and attachment of people to their communities and 
cities on one hand, and open up a new scape of opportunities for many sectors to rise  
and develop on the other. 
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ABSTRACT 
This paper shows an application of the photogrammetric 3D reconstruction by SfM (Structure from 
Motion) technique and Fiber Bragg Grating (FBG) sensors to evaluate the long-term crack propagation 
and the damage evolution on the Aurelian Walls in Rome. Aurelian Walls were built between 270 and 
275 A.C. by the Emperor Aureliano to defend Rome, the capital of the Empire, from barbaric attacks. 
Originally, they extended for about 19 km, nowadays remains are 12.5 km long and among the longest 
and best-preserved ancient wall murals in the world. The two adopted techniques offer complementary 
advantages. By the SfM reconstruction it is possible to acquire the geometry of the studied masonry 
structure and to detect most relevant cracks where FBG sensors can be installed for permanent 
monitoring. Moreover, SfM allows to acquire the crack pattern over extended surfaces and to compare 
its evolution with scheduled repeated measurements. FBG sensors allow continuous monitoring at 
selected critical locations and offer reference data for correlation of scheduled photogrammetry 
measurements. 3D Photogrammetric reconstruction by SfM took advantage of hardware and software 
capabilities of the HPC (High Performance Computing) resources available in ENEA, which are 
provided by the CRESCO (Research Computational Centre on Complex Systems) infrastructure. FBG 
sensors were installed in thermal compensation configuration and with both high stability for long-term 
static measurements and dynamic response capabilities. Experimental data so far acquired are presented 
with evidence of the preliminary results of the measurement campaign, which is planned to be continued 
in the long term. 
Keywords:  structural monitoring, fiber-optic sensors, photogrammetry, SfM technique. 

1  INTRODUCTION 
This work began with the “COBRA” [1] project, but it is currently being developed within 
“ADAMO” [2] and “ECODIGIT” [3] projects financed by the Lazio Region, that promote 
the development and dissemination of methods, technologies and tools for cultural heritage 
protection. This work shows the use of 3D photogrammetric reconstruction by SfM as a very 
fast and low cost technique to produce numerical models based on 2D images, to support 
structural investigations in terms of crack patterns definition [4], [5], to define stress/strain 
distributions and to evaluate dynamic behaviour of the structures to be monitored [6].  
     This work shows the case study of the monumental structure of the Aurelian Walls, 
focused on one of the guarding towers (namely the “L3 tower”) where crack patterns had 
already been subjected to continuous monitoring by FBG sensors for about one year in 2010.  
     A 3D photogrammetric reconstruction of the L3 tower was acquired so that the “reference 
status” was fixed to investigate the evolution of the damage over the time by both scheduled 
3D photogrammetric reconstructions to be regularly repeated in the long-term continuous 
monitoring by FBG sensors currently being installed on the most critical pointed out cracks. 
The 3D photogrammetric reconstruction, performed by PhotoScan pro and Meshlab 
software, was used to build a FE model and to execute the modal analysis in order to obtain 
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the first modal shapes of the structure. The FE model was obtained by Patran and the 
preliminary FE modal analysis by Nastran, while the definition of the cracking framework 
was performed by AutoCAD. Software packages are available via ENEAGRID [7] through 
the Virtual LAB ITACHA. 
     The work aims to propose this approach describing advantages and weaknesses of  
the photogrammetric technique compared to other NDTs and, in particular, it suggests the 
employment of FBG sensors as an integrative survey for both continuous monitoring at 
selected locations and the calibration of the parameters used in the adopted numerical models. 

2  THE 3D PHOTOGRAMMETRIC RECONSTRUCTION BY SFM 
The 3D Photogrammetric reconstruction by SfM technique [8] allows for the obtainment a 
three-dimensional model of an object or of a structure starting from the acquisition of  
two-dimensional digital images. This technique is mainly based on the principles of optics, 
photography and descriptive geometry, that allow to resolve some analytical relations to 
determinate a univocal correspondence between the points located in the so called “object 
space” (images space) and the points of the real 3D space. 
     The SfM has many advantages: it’s a fast, low-cost, not invasive and not destructive 
technique, which executes the moving scan of any structure in a “contactless” way. The SfM 
technique [9], [10] can also be used to create, in a semi-automatic way, the finite element 
model of a complex structure, in order to execute the finite element analysis, taking into 
account its real geometric properties. 

2.1  Photogrammetric technique by SfM – general principles 

From the acquisition of two-dimensional digital images, the photogrammetric technique  
by SfM allows us to obtain a 3D model of an existing structure, under the form of “points 
cloud” or “polygonal mesh”, the cameras position and the cameras orientation within the 
space, in order to detect its correct measures in terms of shape, size and space position.  
The SfM technique is an evolution of the traditional photogrammetric method, since the  
scene reconstruction, the camera position and orientation, are automatically resolved by  
the SfM software. 
     Each reconstruction step uses specific algorithms that are able to recognise the “principal 
features” or “remarkable points” of an object and then a database is created. On the base of 
the detected features, an “image matching” process is performed: it consists in grouping all 
the images that have some points in common. The “bundle adjustment” process, based on the 
so-called “Collinearity equations”, allows to detect the “features positions” and the cameras 
orientation (internal/external). 
     The result of this step is a “sparse point cloud” model, consisting of the features detected 
previously, i.e. the points characterised by three spatial coordinates and a chromatic 
information obtained from images. 
     Subsequently, a “dense image matching algorithm” extracts a “dense point cloud” model, 
thanks to a depth comparison between images. A vector and a triad of chromatic values 
(RGB: Red Green Blue) are associated to each point belonging to the dense cloud. 
     Some photo-modelling software can also reconstruct a polygonal model, made of 
triangular elements, faces and vertices (meshes), and then a “texture mapping” process allows 
creating a final “polygonal texturized” model of the structure, thanks to the information 
obtained from the camera orientations. 
     One of the principal obstacles for the use of the SfM technique is due to the large demands 
of hardware and software resources for image processing, data analysis and data storage. The 
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possibility to access the computational resources offered by the ENEAGRID infrastructure, 
through the so called FARO2 (Fast Access to Remote Objects) graphical interface, allows to 
use “computer graphics” tools, exploiting the computational resources offered by the HPC 
CRESCO infrastructure [11] and to archive images and photogrammetric reconstruction 
results in the AFS and GPFS ENEA storage areas. The photogrammetric reconstructions 
described in this paper are all made-up by the use of the computer vision software named 
PhotoScan pro, available via ENEAGRID through the Virtual LAB ITACHA installed on 
CRESCO (Fig. 1). 
 

 

Figure 1:  Remote access to PhotoScan pro software. 

2.2  The SfM reconstruction software performed by ENEAGRID: “PhotoScan pro” 

Thanks to the use of the computational resources offered by CRESCO, PhotoScan pro 
software can manage a large number of images, with the possibility to create high-quality 
polygonal models, characterized by a multi-view reconstruction. 
     The image post-processing procedure is based on “Computer Vision” algorithms, it is easy 
and semi-automatic, and it can be resumed as shown in Fig. 2. 
 

 

Figure 2:  3D reconstruction process – PhotoScan pro workflow. 
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     The first step of the elaboration process performed by PhotoScan pro is the alignment of 
the loaded images: by means the SIFT algorithm and the multi-stereo matching process, the 
position and the orientation of the cameras are detected and a “sparse cloud” model is created. 
Subsequently, a “dense image matching” algorithm allows to extract the “dense cloud” 
model, thanks to a depth comparison between all the images. 
     PhotoScan pro also allows reconstructing the polygonal model, made of faces and 
vertices, which can be obtained from the points belonging to the dense point cloud. Then, a 
texture process is performed, in order to obtain the final “Texturized model”. There are two 
different methods to create the texture, the “mosaic method”, based on the projection of the 
image with the best resolution on each portion of the model and the “average method”, which 
takes into account the average value of the single pixel characterizing all the images. 
     With the aim to detect the real dimensions of the detected structure for the execution of 
the FE analysis, a scaled polygonal model is needed. For this purpose, the PhotoScan pro 
software provides a fast and automatic way to scale the 3D model. starting from the 
acquisition and the assignment of a single reference measure of the real structure. 

3  CASE STUDY: THE “L3 TOWER” 
The “L3 tower” is the second tower at the west side of Porta San Sebastiano, one of the  
doors of the Aurelian Walls. It is reachable by the Museum of the Walls, through a walkway 
(Fig. 3). The tower is accessed from the east wall with a small opening to the outside; the 
north wall has a large window, while the south wall is characterized by a single small slit. 
The walk continues through the west wall, exactly mirrored to the east wall and it is 
characterized by a door and a small alley. On the top of the tower, at about six and a half 
meters high, a portion of huge vault is partially collapsed. 
 

 

Figure 3:  Location of the L3 tower. 

3.1  Structural monitoring by SfM technique 

The photogrammetric relief consists of 293 2D digital images, each with a resolution of  
3872 x 2592 pixels, taken by Nikon D60 with a mean shooting distance of approximately  
3 m and a focal length of 18 mm.  
     The first goal was to obtain a three-dimensional global model of the Tower L3 by SfM 
technique using Photoscan Pro, scaling the model by the real geometric dimensions and 
building a 3D model as faithfully as possible to reality, to be used for preliminary FE analysis. 
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     The scaled polygonal model of the entire L3 tower, performed by PhotoScan pro, has 
been imported in the CAD software in a standard “dxf” file extension. In AutoCAD we 
changed the file format, from “dxf” to “stl”, in order to obtain an export file that is suitable 
for executing a preliminary FE modal analysis. 
     Fig. 4 shows the complete 3D CAD model of the tower represented from four different 
sides: North, South, East and West. 
 

 
(a) 

 

(b) 

Figure 4:  AutoCAD 3D model of the L3 tower. (a) East-West side; and (b) North-South side. 

     The modal analysis was performed by NASTRAN code in order to detect the fundamental 
modal shapes of the L3 tower allowing to identify the critical areas to be monitored by Fiber 
Bragg Grating (FBG) sensors [12] during future measurement campaigns. The model was 
joined to the base with a fixed support. In Table 1, we reported the mechanical characteristics 
of the material assigned to the FE model. 

Table 1:  Material properties of the structure. 

Material properties 

Property Value Units 

Young Modulus 1800 MPa 

Density 1800 Kg/m3 

Poisons coefficient 0.15 - 
 
     The results of the finite element modal analysis of the tower, in terms of modal shapes, 
are shown in Fig. 5. 
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Figure 5:    Modal shapes of the L3 tower: (left) 1st mode – longitudinal x; (centre) 2nd 
modal – transversal y; (right) 3rd mode – torsional z. 

Table 2:  Frequencies of the first three modal shapes of the structure. 

Modal analysis
Frequencies [Hz]

1st mode 12 

2nd mode 12.5 

3rd mode 21.6 
 

 

Figure 6:  Dense cloud points of the walls. 

     The frequencies of the first three modal shapes (longitudinal, transversal and torsional) 
are resumed in Table 2. 
     At the same time, for each wall a dense cloud was created (Fig. 6) with the aim to 
reconstruct and define the complete cracking framework of the EAST and WEST wall. 
     Two “orthomosaic images”, representing the “dense cloud” models of the two walls, were 
produced from PhotoScan and then imported in AutoCAD, in order to reconstruct the entire 
crack pattern (Fig. 7) of the two walls. 
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Figure 7:  Crack patterns detection. 

     The resolution of the 3D model depends on many factors including the shooting distance, 
the focal length, the images resolution and the size of the camera sensor. These factors are 
related to the so-called Ground Sample Distance (GSD), which represents the real physical 
size of the object that a single pixel represents in the image and it gives an information about 
the reconstruction’s resolution. 
     The resolution of each acquired image is 5184 x 3456 pixels, whose average shooting 
distance is estimated to be 2.5 m. Considering the size of the sensor, equal to 15.8 mm, and 
the focal distance of the lens, equal to 18 mm, we obtained the following values: 
 

GSD (mm/px) DH (mm) DV (mm)
0.34 1.756 1.170

 
where DH and DV respectively represent the width and height of the image footprint on  
the photographed object. The GSD is equal to 0.34 mm/px that represents the resolution  
of the model. 
     The map of the cracks was completely described (Table 3), in terms of extension and 
damage category, according to the macro-seismic European EMS98, also used by the 2nd 
GNDT level cards, considering five levels of damage (low, moderate, high, very high, 
collapse). The damage category was assigned on the basis of cracks’ extension, that is 
evaluated to be more than 2 m (cracks code E1 and O1). As shown in Fig. 7, the cracks start 
from the openings of the L3 tower. These cracks may have occurred as a result of a weakening 
of the load-bearing arch system of the openings, due to the detachment of some blocks 
constituting the arc structure. 

Table 3:  Crack features and dimensions. 

Crack 
code 

Start coordinates End coordinates Crack extension 
[m] 

Damage 
category Xi [m] Yi [m] Xf [m] Yf [m] 

E1 0.29 0.01 0.3 2.47 2.46 2 

O1 0.37 0.17 1.21 2.58 2.42 2 

O1S 0.5 0.84 0.45 1.05 0.21 1 
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     This is only a preliminary survey of crack pattern that wants to show how the SfM 
technique can automatically detect the length and exact position of cracks. Other following 
monitoring surveys are needed to completely understand the pathologies of the tower. 

3.2  Structural monitoring by FBG sensors 

The main crack patterns identified by SfM analysis will be permanently monitored by FBG 
sensors whose positioning planning and installation is currently in progress. FBG sensors 
will be installed as crackmeters. Crackmeters are made with a slim harmonic-steel lamina, to 
be anchored at both ends across the crack: two FBG sensors are present on the lamina, one 
acting as a strain gauge and thus providing measurement of crack opening via lamina 
elongation, the other one acting as a temperature sensor and thus allowing data taking in 
temperature compensation mode. Here, we briefly recall that FBG sensors are fibre-optic 
sensors suitable for both temperature and strain sensing, that many sensors can be connected 
in-series thus allowing minimally invasive cabling, that they do not require power supply at 
the measuring point, that they allow very stable long-term measurement in both quasi-static 
and dynamic regime. A comprehensive review of FBG sensors principles and applications is 
given in Kersey [12]. The two cracks shown in Fig. 7 have already been subjected to 
continuous monitoring by FBG sensors for about one year in the 2010; just one crackmeter 
per crack was installed, at about its median height. 
     Fig. 8 shows a sample of acquired data; data are given with temperature compensation, so 
that they effectively show the pure geometric opening of the cracks. 
 

 

Figure 8:  Time history of crack opening – continuous monitoring interval of 42 days. 

     Time history of crack openings clearly shows correlation with day/night cycle, pointing 
out quite a different amplitude for the two opposite walls. To be noted the out-of-phase 
occurrence of the maxima opening for the two walls, which evidently is a consequence of the 
cardinal orientation. 

4  CONCLUSIONS 
The aim of this paper is to propose a very fast methodology to support the protection of 
cultural heritage by monitoring the evolution of modal properties and crack patterns. The 
methodology was successfully applied on the case study of the L3 tower at the Aurelian 
Walls. It is based on a 3D photogrammetric restitution by means the SfM technique, starting 
from the acquisition of 2D digital images. 
     The reconstructed 3D geometrical model allows to produce a FE model via CAD, which 
can be used to study the dynamic structural behaviour of the structure. The 3D model also 
allows to point out critical crack patterns, which can be permanently monitored by 
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crackmeters whose data can be useful for both tuning FE parameters and correlation of long 
term scheduled 3D photogrammetric surveys. 
     The advantages in using the SfM technique for cracks monitoring, if compared with the 
simple visual inspection and other NDTs tests, is that it is a non-contact, automatic and fast 
way to execute the survey. Moreover, this technique permits to obtain a direct 3D model of 
the real structure that can be subsequently modified and updated on the bases of cracks 
evolution without the need to draw again the model “by hand”. 
     In the case study, hardware and software resources were available thanks to the ENEA 
ICT computing infrastructure. Moreover, FBG sensors were adopted as crackmeters due to 
their long-term stability capabilities which will reliably allow the application of the proposed 
methodology in the long time. 
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ABSTRACT 
In this paper a masonry baroque Dubrovnik Cathedral is analysed using the structural assessment 
method specific for historical buildings. The paper also describes the phases of an integrated approach 
to obtain accurate structure condition according to visible cracks and its seismic resistance capacity, 
with possible strengthening techniques. The Dubrovnik Cathedral is a masonry baroque church built in 
the period from 1671 to 1713. It was built in the same place where the 12th century Romanesque 
Cathedral had collapsed in the catastrophic earthquake of 1667. The present Cathedral is a monumental 
three-nave basilica with a dome over the crossing. In its lifetime the Baroque Cathedral did not show 
any vulnerabilities until 1979, when it was hit by another earthquake, in which the Cathedral structure 
was slightly damaged. After the 1979 earthquake the Cathedral was retrofitted from 1981 to 1986 with 
the aim of increasing the structure capacity under seismic loading. Soon after the retrofitting, cracks on 
the main columns of the Cathedral started to appear at its base. This was the reason a structural 
assessment of the Dubrovnik Cathedral was conducted. The activities for the assessment involved 
historical research based on the analysis of written documents and historical maps, with a focus on the 
previous major structural changes over the centuries. Visual inspections were undertaken to identify 
the location and extent of cracks and construction techniques. The assessment also included a 
geometrical survey of the Cathedral, which was used to develop a three-dimensional finite element 
model. The numerical simulations led to determining the damage distribution and to identifying the 
most vulnerable elements. It was used for a comparison between the numerical results and the damage 
survey. All this led to the conclusion and to identifying the reason for the crack occurrence on the 
Cathedral structure after the performed strengthening and reconstruction in 1986. 
Keywords:  structural assessment, structural analysis, historical buildings, masonry. 

1  INTRODUCTION 
The subject of this paper is an analysis of the load-bearing structure of the Cathedral of the 
Assumption of the Virgin in Dubrovnik, hereinafter the Dubrovnik Cathedral. It is a free-
standing Baroque Cathedral built between 1671 and 1713. This is the third cathedral built at 
the same location within the old city of Dubrovnik. Its layout and position can be seen in 
photographs in Fig. 1. The reasons for this expertise lie in the damages noticed on the main 
columns of the cathedral, i.e. in their footing, that were observed during the last 
reconstruction and strengthening of the building between 1981 and 1986. In addition to 
identifying the cause of the new damaging, an analysis was made of the impact of excavations 
carried out in the underground of the building between 1981 and 1986 and the execution of 
the floor slab to create a museum storey in the underground area of the. During archaeological 
investigations at the time of the cathedral’s restoration from 1981 to 1986 excavations were 
carried out between the foundations where valuable finds were discovered, the most 
significant find being the remains of a Byzantine basilica. To present the discovered finding, 
the excavated portion was not restored, instead a bearing floor slab was placed at the cathedral 
ground level of the newly created underground floor between the church foundations. 
Similarly, the excavations and finds outside the cathedral at the Bunić Poljana Square were 
covered. Photographs of excavations and discovered archaeological finds inside the central 
nave of the cathedral are shown in Fig. 2. 
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Figure 1:    A view of the Cathedral’s position and its exterior. (Source: Google Maps and 
Roman Catholic Diocese of Dubrovnik.) 

 

Figure 2:    Photographs of the of the central nave underground during excavation and after 
finished floor slab. (Source: Institute for Restoration of Dubrovnik.) 
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2  HISTORICAL OVERVIEW AND THE DESCRIPTION OF THE CATHEDRAL 
Dubrovnik is a town in the south of Croatia. In 1979 the Old City of Dubrovnik was added 
to the UNESCO’s World Heritage List. It is situated in one of the most seismically active 
areas of Croatia. On 6 April 1667 Dubrovnik was hit by a catastrophic earthquake in which 
the Romanesque Cathedral with the neighbouring Archbishop’s Palace was completely 
destroyed. Only segments of longitudinal walls remained partially preserved as confirmed by 
the records from literature [1]. In June 1667 the Government of Dubrovnik passed the 
decision about clearing the ruins of the Romanesque Cathedral. The project of construction 
of a new cathedral had been previously supported by Stjepan Gradić, a distinguished abbot 
from Dubrovnik. In 1671 he contacted Andrea Buffalini, an Italian architect from Urbino, 
and commissioned the project. The construction of the cathedral lasted from 1671 to 1713. 
During that time, several architects and builders changed. As mentioned, first builders had 
the idea to use the walls of the Romanesque cathedral for the foundations of a future Baroque 
cathedral [2]. This idea has been sustained, and on this basis we can see in Fig. 3 the positions 
of the walls of the Baroque cathedral in relation to the walls of the Romanesque cathedral. In 
addition to Buffalini, the following builders participated in construction and design: Paolo 
Andreotti, Pietro Antonio Bazzi, Thomas Napoli, and the last one who completed the 
cathedral, Ilija Katičić. 
     The appearance of the load-bearing structure is shown in Fig. 4. The ground plan 
dimensions are Lx × Ly ≈ 42.0 × 25.5 m with the maximum height H = 36.10 m (top of the 
lantern). Looking vertically, the cathedral is divided into three levels. The ground level is  
at +4.90, the next level includes terraces above side naves and the chapel which are placed at 
 

 

Figure 3:    New Baroque cathedral foundations compared to the foundations of the 
Romanesque cathedral, ground plan and cross section with a view to shrine. 
(Source: Horvat-Levaj, 2015.) 
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Figure 4:    Layout of the built cathedral: ground plan of the floor level (left) and longitudinal 
section (right), and ground plan of arrangement of different segments of the 
cathedral (below). 

+13.40. The dome thickness ranges from t ≈ 40 cm at the top to t ≈ 70 cm at the bottom. It 
leans on stone walls with thickness t ≈ 70 cm. The transept ceiling structure is a barrel vault. 
The vault thickness is t ≈ 30 cm. The vaults lean on cross walls over arches. The ceiling 
structure of the central nave consists of cross vaults and it thickness is t ≈ 15 cm. The vault 
of the sacristy and reliquary is a mirror vault and vault thickness is t ≈ 15 cm. Above the 
ceiling structure of the vault there is rubble and the floor lining of the terraces. Above the 
side naves there are cross vaults. The vault thickness is t ≈ 15 cm at the vault crown. The 
vertical bearing structure consists of massive stone walls of carved stone and columns 
arranged longitudinally and transversally. Longitudinal walls of the central nave in the 
western area have thickness of t ≈ 87 cm and are laid from level +4.9 to +21.4.  
     In the eastern part, the longitudinal wall of the central nave does not stretch in full height. 
Vertically looking, the wall is above the terrace level from +13.4 to +21.4. At the plane below 
the terraces to the level +4.9, it leans on arches and longitudinal nave columns. The wall 
thickness is t ≈ 65 to 75 cm.  
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3  THE 1979 EARTHQUAKE: DAMAGING AND INTERVENTIONS 

3.1  Earthquake and damaging 

On 15 April 1979 Dubrovnik was hit by a strong earthquake of 7° magnitude per Mercalli–
Cancani–Sieberg scale (MCS). It also caused damages to the Dubrovnik cathedral. These 
damages were not destructive, but they clearly pointed to the weaknesses of the cathedral and 
buildings from that time which was elaborately presented in literature [3], [4]. According to 
the available documents about damage rehabilitation in the Dubrovnik Cathedral that were 
drawn by Civil Engineering Institute from Zagreb the following damaging was caused by the 
earthquake: separation of the east wall of the facade and the appearance of vertical cracks in 
the north and south lateral walls at full height of the walls at the connection with the eastern 
façade, the appearance of cracks in the vaults, the largest cracks being in the arch of the first 
span of the central nave, while in other naves the cracks are significantly smaller and 
disappearing. The cracking was noticed in the dome and some minor cracks in the columns 
footing. Some documents mention the foundation damaging, but a more detailed analysis 
states that it is the cracking of lateral walls in the foundation zone underneath and at the joint 
with the east wall of the façade, which is the result of separation of the east façade together 
with the foundation from the rest of the building. Earthquake did not endanger the stability 
of the structure, however, it was necessary to rehabilitate it and to carry out strengthening to 
reduce the risk of major damaging and collapsing in future earthquakes. 

3.2  Interventions and rehabilitation further to the damaging in the 1979 earthquake 

At the very beginning, a design of the superstructure rehabilitation was developed and the 
rehabilitation works and strengthening of the existing load-bearing structure was undertaken 
as follows: 

1. All cracks in vaults, walls and arches were injected with a cement-based compound 
with added bentonite and slaked lime. 

2. On the dome, strengthening was carried out using reinforced shotcrete of 5.0 cm 
with the added reinforced concrete tie beam of cross section b/h = 30/20 cm at the 
level +29.80 m (Fig. 5). 

3. The lantern was also repaired in such a way that the bottom row of the lantern stone 
was connected to the steel sheets anchored by steel anchors. (Fig. 5). 

4. Global strengthening of the load-bearing structure was made by means of ties. Ties 
were executed in both longitudinal and transversal directions so that the façade walls 
are connected. In vertical view, ties are executed in four levels. The highest level is 
at +21.0 m which corresponds with the level of the vaults above the central nave. 
Ties are executed on fascia beam above all walls of the central longitudinal nave and 
transept. The second level of ties is at +16.5 m which matches the level of the lower 
edge of the window of the main central naves. At the same level, ties in the vault and 
arch spring were executed to disable shifting of vaults and arches. The third level of 
ties is at +13.40 at the terrace floor level and they are placed in the closed area above 
side naves. The fourth level of ties is at the arch spring above side naves and chapels 
and their purpose is to prevent shifting apart at the arch springs (Fig. 6).  

5. At the level +21.00 m in the area under the dome, reinforced concrete tie beam was 
executed (horizontal frame) with cross section b/h = 40/40 cm. The tie beam is 
placed directly on the main columns under the dome and all ties that are placed at 
that level are anchored into it (Fig. 6).  
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6. Floor slab execution at the ground floor level further to excavations that started in 
1981 for the purpose of the Romanesque cathedral archaeological investigations 
(Fig. 7). 

 

Figure 5:  Strengthening of the dome and lantern. 

 

Figure 6:  Strengthening at levels +21.0 m and at +16.5 m. 
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Figure 7:    Executed bearing beams, anchors and reinforced concrete slab above the 
substructure. 

     Archaeological investigations were completed in 1984 and ultimately resulted in the 
excavation of almost entire underground of the cathedral between the foundations of the 
Baroque and the earlier Romanesque cathedral to a depth of ≈ 3.5 m from the floor level of 
the cathedral. Extraordinary archaeological finds such as the discovery of the Byzantine 
basilica in place of the earlier Romanesque cathedral gave rise to the idea of creating an 
underground museum and therefore the plans to backfill the implemented excavation were 
abandoned. 
     In order to establish the museum area in the underground and for cathedral liturgical 
purpose, a reinforced concrete slab h = 16 cm thick separating the two units was constructed 
at the ground floor level above the underground excavations. The slab was constructed in 
such a way that it lies on thin concrete beams, which are made on the Romanesque cathedral 
foundations and foundation strip, to be as inconspicuous as possible, without at the same time 
leaning on the structures of the Byzantine basilica so that it looks as if it is floating. 
Practically, a rigid disk was formed with the slab which prevents the shifting of individual 
vertical structural elements at that level. Also, the beams are connected to the foundations of 
the Romanesque cathedral via anchor bars and by monolithic connection to the slab. The 
layout of the engineering solution for the floor slab execution is shown in Fig. 7. 

4  ANALYSIS OF THE EXISTING CRACKS: INVESTIGATION SURVEY 
The reason for this analysis is the damaging of the footing of the main columns. It shall be 
noted that the said damaging occurred after the reconstruction and strengthening presented 
in the previous section. The basis for the presentation of the incurred cracks consists in visual 
inspections of the structure that were carried out twice in 2017 and 2018. During inspection 
the architectural surveys of the existing condition were used that were prepared by the 
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Croatian Conservation Institute in Zagreb, for the superstructure, and by the Institute of Art 
History in Zagreb for the substructure. During visual inspection cracks were noticed on 
certain structural elements, but since there were no data about the cracks and damaging that 
occurred before and after the reconstruction it was difficult to discern which of the cracks 
were “old” and which were “new”. Thus, during visual inspection, all cracks and damaging 
that were observed were recorded so that their condition could be monitored in future 
inspections (Fig. 8). Therefore, only the cracks and damaging that can be safely confirmed 
to have occurred after 1986 are those shown on the columns that are the subject of this 
analysis. The graphic outline and photographs of the cracks and damaging are shown  
in Fig. 9. 
     In addition to visual inspection, the control of the geometry of the cathedral was carried 
out to determine the accuracy of architectural surveys of the existing condition that were 
performed by the mentioned institutions. While looking into documents, all available photo-
documentation of the reconstruction and interventions carried out in the 1981–1986 period  
 

 

Figure 8:  Drawing and photographs of characteristic cracks in the vaults. 

 

 

Figure 9:  Drawing and photographs of characteristic cracks in the column footing. 
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was also studied. The observed details in the photo documentation later directed the research 
itself, because they identified the possible cause of the damage to the columns on the ground 
floor. During the visual inspection and investigation works, it was found that the walls were 
made of stone in lime mortar and as stone masonry of carved crushed stone. Investigations 
on determining the masonry mechanical properties (compressive and shear strength) were 
not conducted. The basis for the assessment of the masonry mechanical properties and 
elements was established based on the available data from testing similar structures and the 
experience of the researcher of this paper. 

5  STRUCTURAL ANALYSIS  
For the purpose of building analysis, the structure is divided into the roof, the main load-
bearing structure and the floor slab. The roof load-bearing structure was calculated in a 
unique spatial model. In model, defined loads were from structural weight and roof layers, 
as well as from the snow and wind load according to [6], [7]. Wind and snow loads have 
proven to be relevant for the load-bearing capacity of structural timber roof elements.  
     Spatial model of the masonry was made using Rhinoceros programme and based on the 
architectural survey of the present condition, and the analysis was made in SolidWorks. The 
existing ties in the modulus were defined as links. Elastic modulus for the static analysis was 
E = 2500 MPa, and in the dynamic analysis it was E= 1500 MPa. In the first phase a static 
analysis of the model was conducted. In the second phase a dynamic analysis of the model 
was performed.  

5.1  Static analysis 

In the first phase, a static analysis of a model loaded with a dominantly permanent load and 
imposed load was performed (Fig. 10). The loads defined at this stage include the self-weight 
of the structure automatically calculated by the program, wind load according to [7], weight 
of the layers on the vaults, weight of the shotcrete on the inside of the dome and also the 
loads transferred from the roof structure that included permanent dead loads and imposed 
loads as wind and snow loads. Deformations and stresses caused by loads in static analysis 
of the structure indicate that the structure has sufficient rigidity and stability. The only areas 
that need to be reinforced to prevent further cracking of the structure are the arches at the 
base of the dome and the vaults of the side naves (Fig. 11). These locations of maximum 
stresses in numerical model coincide with the visible and observed cracks in the cathedral.  
     The position of cracks in the base of the columns as determined by visual inspection and 
the comparison with the position of stresses from the numerical analysis did not show any 
connection (Fig. 12).  
 

 

Figure 10:  Spatial model roof structure and main structure of Dubrovnik Cathedral. 
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Figure 11:    Presentation of tensile stresses of the side nave vaults in numerical analysis (left) 
and observed crack (right). 

 

 

Figure 12:    Presentation of the compressive stress of columns in numerical analysis (left) 
and observed cracks at columns (right). 

 
5.2  Dynamic analysis 

In the second phase, a dynamic modal analysis was performed. After the modal analysis was 
performed to determine the basic tones of oscillation of the structure, the horizontal load due 
to the earthquake action in the longitudinal and transverse directions of the structure was 
added to the previously defined permanent load. Earthquake was defined for reference return 
period TNCR = 95 years, and corresponding reference peak ground acceleration agR = 0.16 g 
[8]. The results of the dynamic analysis show that the direction of the earthquake along the 
length of the cathedral is critical for the structure (Fig. 13). With the combination of the 
vertical and horizontal forces brought on by the continuous action and earthquake impact, 
the structure suffers significant stresses and deformations that would certainly cause 
damaging greater than the one that is currently visible. In order for the structure to resist such 
action in the future, it is necessary to ensure the transfer of horizontal forces from the vaults 
to the longitudinal walls. In this respect, it is particularly necessary to reinforce the vaults of 
the side naves of the cathedral and to ensure the transfer of the said forces to the longitudinal 
walls, especially to the outer walls of the transept. In dynamic analysis, it is concluded that 
earthquake action is entirely dominant for global verification. 
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Figure 13:    Presentation of deformations resulting from the earthquake impact (left) and 
tensile stresses in the cathedral vaults (right). 

5.3  Floor slab analysis  

All documentation was examined again, and examining the photographs in the figures and 
the geometry of the floor slab with the position of its support, it was concluded that the bottom 
portions of some columns on certain sides had been chiselled off. Furthermore, the 
photographs of the executed floor slab do not show a visible separation of columns from the 
floor slab with some elastic material. Further to this, a floor slab numerical model was made. 
Load on slab was based on permanent load (weight of slab and layers) and imposed load 
according to [5]. Based on the analysis, negative reactions were obtained, that is, lifting off 
the slab at the places where the floor slab anchors had been installed. It is confirmed that on 
location where floor slab is connected with columns, cracks occur at column base. All of this 
may be seen in Fig. 14. 
 

 

Figure 14:    Presentation of the visible location of the secured parts of the columns and the 
lever effect, and the model of the floor slab on the basis of which the analysis 
was performed. 
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6  CONCLUSION 
With respect to the analyzes performed, it can be concluded from the static numerical analysis 
that the positions of the significant stresses in the model at the vault positions corresponded 
to the observed cracks in the cathedral. However, the positions of the column stresses from 
the static numerical analysis did not correspond to the positions of the observed cracks, this 
mismatch was later confirmed by the lever effect of the floor slab. Dynamic analysis has 
confirmed that it is relevant in terms of maximum stresses, and also that the earthquake action 
in relation to the imposed load (snow and wind) is relevant for the global structural load 
bearing analysis. In this respect, it is particularly important to reinforce the vaults of the side 
naves of the cathedral to ensure the transfer of forces to the longitudinal walls, especially to 
the walls of the transept and shrine. Realistically, these are the only possible interventions on 
the additional strengthening of the bearing structure that are acceptable for this type of 
buildings. The recommended system of strengthening is one of the FRCM systems. In order 
to prevent further damage to the columns, it is proposed to release the connection of the slab 
to the columns at critical locations. The said release would be accomplished by cutting the 
slab and the anchors at the locations where slab lift off. 
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ABSTRACT 
Romanian earthquakes in 1940 and 1977 produced severe damage to a significant number of buildings 
whose plans were characterized predominantly by irregularities like flexible diaphragms, structural 
discontinuities or L and H shapes, among others. These conceptual characteristics contributed in a 
decisive way to the damage or collapse of buildings designed and built according to the old seismic 
codes. On the other hand, European and international experience of previous strong earthquakes during 
the last decade shows that, in many urban areas, besides many old building, there is a number of modern 
RC buildings that do not meet the requirements of additionally improved codes for seismic-resistant 
design. The paper studies the behaviour of a masonry building under seismic and non-seismic actions, 
giving a practical and applicable interpretation of the dynamic amplification concept at the upper part 
of masonry buildings. Dynamic amplification effects, the types of damage and the variation of the 
structural rigidity after the consolidation works (compared to the initial situation), were evaluated. With 
respect to the instrumentation of micro-vibrations, the results obtained from the processing of the 
recorded micro-seismic data from 2019 emphasize the changes of the natural oscillation periods 
characteristic of the two directions, after applying the consolidation solution. This indicates an increase 
in rigidity obtained by reinforcing the building and, at the same time, it can be appreciated that the 
structural transfer of efforts has been made from the old structure to the new structural system. The 
work concludes that, in order to obtain correct information regarding the behavior of a structural system 
(due to the lack of data needed to create a reliable model), the contribution of each presented method is 
consistent, using the advantages of non-destructive methods and ambient/micro-seismic vibration 
monitoring. 
Keywords:  structural irregularities, natural oscillation period. 

1  INTRODUCTION 
Romanian Vrancea earthquakes in 1940 and 1977 have produced severe damage to a 
significant number of buildings whose plans were characterized predominantly by 
irregularities like flexible diaphragms, structural discontinuities or L and H shapes. Thus, the 
seismic response in the presence of torsional vibrations is an unfavourable one, with 
significant increases of the lateral displacements, with the negative effects related to the 
degradation state of the structural and non-structural elements. It is the case of both  
the buildings designed according to the old seismic codes, but also of the buildings that are 
designed in the last years. On the other hand, for such structural systems, the degree of 
confidence in the results of the structural calculation is much lower than in the case  
of symmetrical structures/without irregularities. By properly disposing of the vertical 
structural elements, first of all the elements with high rigidity/stiffness (walls and braced 
frames), the eccentricities and the decoupling of the torsional vibration modes with the 
translation ones must be reduced. 
     It can be given, as an example, the agronomist students’ home built between 1928 and 
1931 (Fig. 1) [1], having an L-shaped plan and the height regime basement, ground floor and 
4 levels, damaged first by the earthquake in 1940, then consolidated, damaged again very 
severely in 1977 and demolished in 1996. 
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Figure 1:  The agronomist students’ home built in 1929 [1]. 

2  SOME DATA ABOUT A STUDIED BUILDING 
The paper studies the behaviour of a masonry building under seismic and non-seismic actions 
giving a practical and applicable interpretation of the dynamic amplification concept at the 
upper part of masonry buildings.  
     The University of Agronomic Sciences and Veterinary Medicine of Bucharest (UASVM) 
has a long historical tradition, starting in 1852 during the time of Prince Barbu Stirbei, with 
imposing buildings, of renowned architects, some being preserved to this day. Although the 
studied building was designed and executed between 1950–1952, by the architect  
G. Negoescu (diploma in architecture in France, Versailles), it belongs to an architectural 
style that fits into the place, function and technical possibilities of the time (Fig. 2), [1]. The 
heritage value is related to the specific architecture style of this building and its cultural 
identity with the past history. From an architectural point of view, the building is part of an 
imposing, even more valuable buildings, designed by important names of Romanian 
architects, with international recognition, and from the historical point of view it provides 
some insight into what people did at the beginning of a regime, which lasted more than  
40 years, as projected in relation to the trends that followed. 
     In plan, the building is E-shaped and is fragmented by four expansion joints into five 
distinct bodies A1, A2, A3, A4 and A5 [2]. The height regime of the building is semi-basement, 
ground floor and 3 levels, in all bodies.  
     The structure of the building consists of load-bearing masonry walls with reinforced 
concrete cores and slabs made of monolithic reinforced concrete plates and beams. Along the 
beams or at their intersections there are supporting columns made of reinforced concrete, but 
not always the column continues vertically. The masonry of the supporting and partition walls 
is made of solid brick, double pressed, with lime-cement mortar. The reinforced concrete 
cores were not cast in masonry slabs, after the walls were raised, but in formworks and only 
afterwards were the walls erected, which thus became framed with the intention of 
confinement. Surprisingly, the corners of the building were neither provided with reinforced 
concrete columns belonging to the spatial structure nor with cores destined for brick masonry.  
     The brick masonry parapet that borders the roof terrace has no connection with the vertical 
walls of the masonry and no stiffening, in the form of risers for example, horizontally.  
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Figure 2:  Plan of the shape of the U.S.A.M.V. 5 distinct bodies with irregularities [2]. 

     Separation joints between bodies have an opening of 40 mm, with a variation of ± 5 mm, 
are well preserved and have the function of expansion and contraction. The free heights are 
3.60 m on the basement and 4.50 m on the ground floor and floors, and in the amphitheatres 
and meeting rooms the heights are higher. Through these vertical dimensions, the building 
falls into the category of flexible buildings. Structural flexibility is also increased by the 
glazed surface through the size of the window openings.  
     The foundation system consists of rigid and insulated reinforced concrete foundations 
under columns. The reinforcement details are not known, but they must be specific to the 
1950s. The load bearing/structural walls of brick masonry are supported by reinforced 
concrete foundation beams supported on column foundations. 
     Only the A2 body with type “L” will be analyzed in this paper. Dynamic amplification 
effects and the types of damage which have taken place over time, have necessitated the 
consolidation of this building. 
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3  ASPECTS REGARDING STRUCTURAL REGULARITY IN ELEVATION, OR 
PLAN, BEHAVIOR FACTOR, COMPARATIVE MODELING INTRODUCTION 

3.1  Aspects related to evaluation of structural regularity both in plane and vertically [2] 

In order to determine the relative position between the two intrinsic centres, the center  
of gravity/the centre of mass (XCM, YCM) and the center of rotation/the centre of stiffness  
(XCR, YCR) (Fig. 3), some calculations were made, resulting:  

3.52 0.10 28.00 2.80 ,xe m x m    2.04 0.10 31.50 3.15 .ye m x m    

     Buildings with irregularity in plan floors appears to be more susceptible to large 
deformations and damage when they are subjected to strong ground motion than those with 
regular plan floors due to the additional accidental torsional forces resulting from the  
existing eccentricity between the center of mass and center of rigidity of the resisting 
elements [2]–[4]. 
 
 
 

 

Figure 3:  Spatial and plane view for A2. 

 
3.2  Aspects related to static and dynamic behaviour 

A structure which have asymmetric plan geometry such as L-shape, has a little energy 
absorbing capacity due to the torsional effects, variations of rigidity and stress concentrations 
at notch points of the parts. Both of the parts display different movements (Fig. 4).  
     For the same type of L-shaped structural system, but with larger dimensions [3], [4], 
displacements on the three edges in red colour, being observed different values/considerably 
higher (with 50%) for the edge 1 then are than for the edge 2 and 3 are  
obtained (Figs 5 and 6). 
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Figure 4:  Displacements of two L-shaped structural systems [3], [4]. 

 
 

 

Figure 5:  3D representation of L-shaped structures with three edges emphasized [3], [4]. 
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Figure 6:  Comparative chart of Height (m) – displacements on x direction (mm) [3], [4]. 

3.3  Aspects related to behavior factor q [5], [6] 

The behavior factor q represents the ratio between a coefficient of multiplication of the 
horizontal seismic force corresponding to the occurrence of the first plastic joint and a 
coefficient of multiplication of the horizontal seismic force corresponding to the formation 
of a plastic mechanism.  
     In the case of irregular buildings, the value of the behavior factor q, which shall be 
decreased, depending on the type of this irregularity, in elevation, or plan, the type of 
structure. For the irregularities in elevation, the values of q are reduced by 20% of the 
maximum values for horizontal (seismic) actions, as can be done in case of irregularities in 
the plan. These maximum values are established by applying formulas that take into account 
the ratio between the capable lateral force of the structure (achieved when a sufficient number 
of plastic joints have been formed to bring the structure to the threshold of the kinematic 
mechanism) and the lateral force corresponding to reaching the resistance capacity in the first 
element of the structure (the appearance of the first plastic joint).  
     In general, buildings with irregularities in the plane fall into the category of flexible 
torsion systems, for which q = 3 (high ductility class), q = 2 (medium ductility class) and  
q = 1.5 (low ductility class). 
     For this case, the behavior factor q has the value 4,725. The higher the behavior factor, 
the more structural elements must dissipate more energy through stable and predictable 
hysteretic behavior. 

3.4  Aspects related to the irregularity index α [7], [8] 

The fundamental vibration period is correlated with the height of the building, width of the 
building along the direction of seismic motion, the structural wall area existing at ground 
floor etc. The period of oscillation and the base shear force differ in the case of L-shaped 
buildings compared to those with regular form in plane and elevation and there are simplified 
formulas for these cases [7], [8].  
     Thus, a relationship between the irregularity index α (α = 0…0.5) and the natural period 
Ti, respectively the base shear force Fi, of irregular buildings, and of those of regular 
buildings, Tr and Fr [7], [8], is shown (Fig. 7). 
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Figure 7:  The relationship between the irregularity index α and the ratio Ti/Tr,  
respectively Fi/Fr. 

4  DETERMINING THE DYNAMIC STRUCTURAL CHARACTERISTICS  
FROM VIBRATIONS INSTRUMENTATION 

The studied building was instrumented in several stages: microseismic recordings before 
consolidation (2006), microseismic recordings during the period of consolidation/ 
strengthening work (2009) and microseismic recordings after consolidation (2012, 2019). 
     The recordings of the dynamic parameters of the building, before consolidation, were 
made in 2006 on the 3rd floor of the building. The displacements of the spatial structure in 
the three main directions have been successively recorded: horizontal X, horizontal Y and 
vertical Z.  
     Then, some records of the dynamic parameters of the building, during the consolidation 
works, were made in 2009. The equipment is a seismic station equipped with 5 triaxial 
sensors, used for the temporary seismic instrumentation of buildings. The processing of the 
recorded data can be done with the GeoDAS program. For the comparative analysis of  
the dynamic characteristics of the building, the ARTeMIS modal calculation program was 
used (Fig. 8). 
 

 
                               (a)                                                                        (b) 

Figure 8:  Sensor placement scheme in the model. (a) Horizontal; and (b) Vertical. 
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     The recordings were made according to two schemes for sensors: one horizontally on the 
3rd floor of the A2 body and the other vertically, with one sensor at each level. Each sensor 
has 3 channels corresponding to the horizontal X, horizontal Y and vertical Z directions. 
     The microvibration recordings were made during the period following the structural 
interventions, in 2012 (Fig. 9). 
     The results obtained from the processing of microseismic data did not indicate significant 
changes in rigidity. This can be explained by the fact that at present there has been no 
structural transfer of efforts, from the old structure to the new reinforced concrete 
diaphragms. Therefore, it is necessary the seismic instrumentation of the building and the 
determination of a new set of values, after a future earthquake, when this structural transfer 
of efforts will be realized. 
 

 

Figure 9:  Fourier spectra obtained by processing the seismic response recorded for the x 
direction and the y direction. 
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     It should be mentioned that, during the period 2012–2019, there were recorded more 
seismic events with magnitude greater than 5 (www.infp.ro) and, according to those 
mentioned in the previous paragraph, able to lead to the transfer of efforts to the new 
reinforced concrete structure. The recordings were made with the help of the acquisition 
system consisting of 4 GMSPlus equipment, GeoSIG Switzerland. For the acquisition and 
processing of microseismic data, the sensors were placed on the same vertical and the 
GeoDAS software was used. Fast Fourier Transform FFT spectra allow us to analyze 
vibration amplitudes at various component frequencies on the FFT spectrum (Fig. 10). 
 

 

Figure 10:    Fast Fourier Transform (FFT) spectrum: fxeval=3.0 Hz, fyeval=3.3 Hz 
(Tx=0.32s, Ty=0.30s). 

 

5  EVOLUTION OF DYNAMIC PARAMETERS DETERMINED  
IN DIFFERENT STEPS, IN 2016–2019 PERIOD 

The vulnerability of the whole building is of conceptual nature. Four of the 5 bodies of the 
building are L-shaped, i.e. they have exactly the same configuration as the students’ house 
from (Fig. 1), which was badly damaged by the 1977 Vrancean earthquake (having a bad 
repair intervention after the 1940 earthquake). The L-conformation is a cause with a global 
effect, as a whole, and the consequence is the general torsion of each body.  
     The studied building A2 was modelled spatially and with a specialized program, observing 
differences between the natural periods of vibration thus obtained and those determined by 
instrumentation of microvibrations/ambient vibrations/microseisms. The calculation model 
idealized much the real structure, not being able to include the discontinuities, imperfections 
and existing damages, imperfectly rigid nodes etc. 
     The values obtained from the Fourier spectra for the natural oscillation periods in the 
described stages (the situation before consolidation, during the consolidation works, after  
the completion of the consolidation works) are presented in (Table 1). 
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Table 1:  Values of the natural periods of oscillation on the two directions of the building. 

The used equipment The used software 
Tx(s) 

(dir 2) 
Ty(s) 

(dir 1) 

GSR-16PC, GeoSIG Elvetia 
before consolidation (2006)

GeoDAS/ 
ARTeMIS

0.37 0.38 

GSR-16PC, GeoSIG Elvetia 
during consolidation (2009)

GeoDAS/ 
ARTeMIS

0.38 0.43 

GEODAS 12-USB, Buttan Service 
Japonia after consolidation (2012) 

Microwave tremor 
observation 

0.34 0.38 

GMSPlus – GeoSIG Elvetia 
(interconnected for synchronous records) 

after consolidation (2019) 
GeoDAS 0.32 0.30 

 

6  CONCLUSIONS  
There are many types of damages caused by different plan/elevation irregularities, during 
Vrancea seismic events, so all the aspects listed give an image of the implications brought 
about by the irregularities of a structural system mainly on the oscillation period. More, 
evaluation and strategies for seismic energy dissipation, and also the soil class and local 
conditions, are to be considered [9]–[11].  
     Determining the dynamic structural characteristics from microvibrations/microseisms/ 
ambiental vibrations instrumentation, in different stages of operation of a building, apart from 
the static and dynamic computational performed, an evolution of structural behavior is 
obtained.  
     Consolidation consisted of cutting the entire building, in order to eliminate the general 
torsion phenomenon, and each body was evaluated separately, by all the approaches 
presented in the paper. Thus, after applying this solution, in the studied case, the natural 
periods, corresponding to the two horizontal directions, decreased by approx. 14% in the x 
direction, respectively with 21% in the y direction. These values indicate an increase in 
rigidity, and, at the same time, it can be appreciated that the structural transfer of efforts has 
been made from the old structure to the new structural system obtained by the application of 
reinforced concrete elements. 
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ABSTRACT 
The process of recovery, restoration and valorization of the built heritage is articulated, both for the 
complexity of historical architecture and the lack of adequate intervention tools. Each monument is an 
expression of the territory where it was built. Therefore, it’s necessary to plan the restoration of built 
heritage as a system in which technical and cultural variables create a balance between decisions and 
processes of conservation and transformation. In this context, the technicians must activate a series of 
procedures to safeguard the monuments starting from the recovery of the values preserving its future 
memory. This methodological approach has been tested in the recovery project of the ancient masonry 
church of “San Rocco” in Matera (Italy). It is dated from the 14th century, and it also has a great 
importance for the hosting of cultural and social activities within the Matera Cultural Capital of Europe 
2019 Program. The preliminary phase of data acquisition, the direct survey of the degradation 
characteristics and the historical-constructive research is shown in this paper. Then, a critical analysis 
of the survey is performed together with a preliminary analysis of its seismic performance. The 
numerical analyses have been conducted with the macro-elements approach, where the most probably 
failure mechanisms of the church architectural parts are taken into considerations. 
Keywords:  knowledge, constructive techniques, recovery intervention, seismic assessment. 

1  INTRODUCTION 
The historical architectures, through their artistic, cultural and architectural declinations, 
represent a heritage strictly linked to the identity of the place where they are built. Usually, 
these architectures (especially the religious ones) represent the most important buildings for 
a communities and the core of the religious part of society, too. The churches, in fact, as a 
part of consolidated fabric of the historic city, due to their uniqueness, are a morphological 
and typological sample of the continuous change, related to the historical and social 
conditions and to the new needs of the community. 
     These architectures, constructed by local builders, represent a complex historical and 
architectural heritage to be protected, since they are bearers of constructive knowledge, and 
of artistic and architectural peculiarities [1]. This will allow of highlighting the history and 
values of these monuments, which are an expression of culture and of society development 
in its urban context [2]. 
     Hence, the difficulties of the conservation and recovery interventions of these 
architectures appear immediately evident; the solution could be the experimentation of a 
methodology starting from the in-depth knowledge of its typological, architectural, 
constructive and material characteristics for arriving at the definition of recovery intervention 
[3]. In fact, it is from the material and constructive analysis that it is possible to read the 
tradition characteristics described by their materials, and the relationships among places, men 
and architectures. The knowledge of these elements becomes the fundamental point for a 
correct approach aimed at their recovery, through a project becoming a “mediation” for 
transmitting their history and values to future generations, as well. 
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     Therefore the “integrated” preservation of material and constructive identity becomes a 
dynamic action to build the future, in the complex architectural and social system that finds 
its essential identity in the cultural values of these architectures.  
     In this paper, knowledge, analysis and project are used to define the recovery intervention 
of one of the most important architectural and religious sites in Matera, the “San Rocco” 
church. The church is located in the heart of the historic city, in a strongly typified 
architectural and urban context, representing a very important building for the cultural history 
of the city. 

2  CASE STUDY: “SAN ROCCO” CHURCH IN MATERA 
The church of “San Rocco” is located among the historic buildings of the city center in 
Matera, just outside the ancient walls of the “civita” (the highest part of the city), between 
the “Sasso Barisano” and the “Largo di San Biagio”, next to another church called “San 
Giovanni Battista” (Figs 1 and 2). The church origins are date back to the 14th century, when 
the city was marked by a virulent pestilence that made necessary to build a hospital to receive 
pilgrims and the sick. With a Papal Bull of 1348 [1], it was decreed the construction of the 
“San Rocco” hospital next to a small votive temple. It would have kept the image of “San 
Rocco” on the main altar. 
 

 

Figure 1:  “San Rocco” church in the urban area of city center. 
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Figure 2:  “San Rocco” church. 

     The church of “San Rocco” was in a bad state throughout the 15th century until the year 
1604, when it was passed under the property of the Reformed Franciscan Community. The 
friars, custodians of the religious community and of the church, used the church for the 
ceremonies in honor of the cult of “San Rocco” until the precarious static conditions of the 
building required demolition and reconstruction in the same area. In about 1700, the friars 
commissioned to a designer (whose name is unknown) to design a religious building similar 
to the others in the province. Therefore, it was built a church on a square plan, developed in 
two aisles. The main nave was defined by a system of four rectangular areas with a sail vaults 
and opens, on the bottom, onto a small presbytery (Fig. 3). This presbyterial area, on the other 
hand, was separated from the main nave by a triumphal arch, and concluded by an apse 
containing the choir on two levels. It is particularly interesting, moreover, the importance of 
this church from a religious and artistic point of view. In fact, it became the custody of some 
important 18th century works commissioned to important artists of the period by the “San 
Rocco” friars community. Among them there were some paintings by Giacomo da San Vito, 
an “Immacolata” and “San Pietro d’Alcantara” and a canvas by Francesco da Martina 
depicting the “Annunciazione e il Perdono di Assisi” [4]. 
     Following the social and historical evolution of the city, with the suppression of the 
religious orders ordered by the government in the same year and the building ownership 
transferring to the Municipality, the Hospital of “San Rocco” was again used as hospital, and 
subjected to remarkable transformations and readjustments. They ended in 1936 with the 
enlargement and the raising of the building. In the same way, the façade of the church of 
“San Rocco” was affected by these changes which, first of all, had to renounce to the bell 
gable having three arches. Subsequently, the ancient facade was replaced with one having a 
Modern Style. The new façade was in line with the architectural trends of the period, defined 
by a compositional clarity and a clear linearity of the openings, mediated by the use of 
moldings and materials recalling a Rationalist Style, despite of the traditional nature of the 
context. 
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Figure 3:  Plan of the church of San Rocco in Matera. 

3  THE STONE AS “REFLECTION” OF LOCAL  
CONSTRUCTIVE TECHNIQUES 

The church of “San Rocco” has a masonry structure made of the local limestone called “tufo”, 
applied in squared blocks of different sizes for vertical walls and vaulted systems (Fig. 4). 
The walls thickness of the church results between about 50 cm and 75 cm, consisting of a 
sack wall defined by two “skins”, where blocks have dimensions of 20 x 25 x 50 cm, and 
filled in the middle with flakes of stone and mortar (forming a compact low-strength 
conglomerate). According to the construction rules of the past, the so-composed two-leaf 
masonry is also transversely connected by blocks (defined “diatones” with a longitudinal 
dimension between 25 and 27 cm), ensuring a better monolithic behavior to the resulting 
wall. Thin mortar joints, with a thickness not greater than 0.5 cm, are present within the 
masonry composed by tufo powder used as an inert and mixed with lime. The arches and 
vaults, covering the main nave and the presbyteral area are filled in the abutments with waste 
dry materials. The roof is characterized by a traditional wooden truss system, formed by two 
struts, a monk, two lightning bolts and a chain, joined by metal elements mechanically 
anchored to the structural elements of the truss. The tegument, of typology called “coppo” in 
brick, constitutes the roof sealing layer, supported by a double warp of currents and wooden 
battens laid directly on the truss struts. 
     The analytical knowledge of the construction and technological system, as described 
above, constitutes the essential condition for carrying out a correct assessment of the building 
actual state. In addition, this approach allows to develop a recovery project, also suitable with 
the historical nature of the building and respectful of its peculiarities. 

4  SEISMIC VULNERABILITY ASSESSMENT 
In this study the macro-element approach is used for evaluating the seismic vulnerability 
assessment of the “San Rocco” church. According to this method the church structure is 
considered composed by different architectonic elements (such as the façade, the apse, the 
triumphal arch, etc.) that, under seismic lateral actions, behave independently of each other. 
This assumption derives from the damages observed during the recent Italian earthquakes,  
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Figure 4:  Analysis of masonry to define the constructive characteristics. 
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where it was observed that masonry ancient churches suffered localized damage only in some 
architectural parts, named macro-elements [5]–[7]. It is evident that these macro-elements 
response mechanisms may arise if local desegregation is completely inhibited, and that they 
are heavily influenced by the construction details, such as the connections with other 
elements, presence of pushing elements that may facilitate their activation, previous 
interventions, etc. Discussions about these issues may be found in [8]–[13]. Recently, the 
recurrence character of the seismic damage has been confirmed also in the Mexican churches 
during the surveys conducted after the seismic sequence of September 2017 [14].  
     More in general, in the Italian Directive [15] three different valuation levels for seismic 
assessment of cultural heritage are indicated, having a decreasing approximation level: 

 Level of Valuation 1 (LV1), for seismic assessment at a territorial scale. Applications 
may be found in [16], [17]; 

 Level of Valuation 2 (LV2), for local seismic assessment, by the means of the macro-
elements approach. Discussion about these aspects are reported in [16], [18]; 

 Level of Valuation 3 (LV3), suitable for local seismic assessment, by using also finite 
elements models. Applications may be found in [19]. 

     As far as the LV2 approach is concerned, the Italian Directive indicates 28 different 
potential response mechanisms that may occur under a later seismic action. Among these, the 
ones considered in this work are detailed in the following. One may one that the mechanisms 
considered regards macro-elements that are ground-connected at the base. 

 Main façade overturning. This mechanism is one of the most frequent, since it is highly 
vulnerable with respect to the lateral actions. It is activated by the formation of cylindrical 
hinges, horizontal or inclined, around which the rotation of the façade portions takes 
place. Very frequently the formation of the hinges occurs at the base of façade. This 
mechanism is facilitated by pushing elements, such as arch vaults or arches, or else by 
the absence of connection with lateral walls. 

 Lateral wall overturning. This mechanism is also very frequent and is provoked, as for 
the main façade, by the formation of a cylindrical hinge at the base or at a certain height, 
facilitated by pushing elements. 

 Nave transversal response. In this case, the mechanism regards the transversal response 
of the main aula including any lateral element, such as lateral naves/arches if present. 

 Colonnade longitudinal response. This response mechanism is characterized by the 
activation of a global response of the colonnade delimiting the main aula. 

     The Italian Directive [15] permits of calculating the seismic vulnerability of the different 
macro-elements through the linear kinematic analysis based on the theorem of virtual works 

 𝛼 ∑ 𝑃  𝛿 , ∑ 𝑃 𝛿 , ∑ 𝑃 𝛿 , ∑ 𝐹 𝛿 𝐿 , (1) 

where the significance of the symbols may be found in [15], [16], [18]. Starting from the eqn 
(1) it is possible to calculate the activation multiplier 0 and, then, the corresponding seismic 
spectral acceleration a0

* through the standard modal analysis principle 

 𝑎∗ ∑
∗ ∗ . (2) 

     As far as the life-safety limit state (LSLS) verifications are concerned, they are conducted 
by comparing the response mechanism capacity in terms of spectral acceleration a0

* with the 
seismic demand depending on the expected seismic acceleration, on the possible stratigraphic 
amplification S, and on the dissipative capacity measured through the behavior factor q 
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 𝑎∗ ∙
,  (3) 

where S has been assumed equal to 1 (foundation on rock), q equal to 2 as suggested by the 
Italian Design Code [20], while ag(PVR) for LSLS results equal to 0.114 g. The latter has been 
calculated starting from the site seismic hazard and, as indicated in [15], by assuming a 
reduced reference period VR of 30 years, given by a reduced nominal life VN of 20 years, and 
a coefficient of use CU of 1.5 due to the manufact importance. It should be remarked that in 
[15] it is permitted to reduce the nominal life for the cultural heritage, with respect to ordinary 
buildings. In this way it is allowed of reducing the seismic risk for the very frequent 
earthquakes by the means of light, reversible and economic interventions. 
     In Fig. 5 the macro-elements considered are reported, while in Table 1 the results obtained 
are summarized. In particular, in the Table 1 the acceleration actor fa is also reported, defined 
in general as 

 𝑓 ,
,

.  (4) 

fa is defined as the ratio of the seismic capacity to the demand, where the seismic capacity is 
expressed through the spectral acceleration a0

*, while the seismic demand is measured  
 

  
(a) (b)

 

(c) (d)

Figure 5:   Macro-elements considered. (a) Main façade; (b) Lateral wall; (c) Nave 
transversal response; and (d) Longitudinal colonnade. 
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Table 1:  Seismic vulnerability of the considered macro-elements and acceleration factor fa. 

 
Capacity 

a0
* (g)

Demand 
ag S/q

fa 

(a) Main façade overturning 0.050 0.057 0.877 
(b) Lateral wall overturning 0.161 0.057 2.824 

(c) Nave transversal response 0.108 0.057 1.894 

(d) Colonnade longitudinal response 0.106 0.057 1.860 
 
through the second term of the eqn (3). The acceleration factor is an index expressing the 
seismic performance in terms of lateral strength. If it results lower than unity, the structure 
or some its component does not satisfy the seismic protection level required for the 
considered limit state. 
     The numerical results reported in the Table 1 highlight that the most vulnerable 
mechanism, among the ones considered, is the main façade overturning, resulting an 
acceleration factor fa lower than 1. As known, the vulnerability of this mechanism may be 
reduced by considering steel chains opposing to the out-of-plane overturning. While, as for 
the others mechanisms they result greater than 1 and, therefore, they won’t be activated with 
respect to the expected seismic demand. It must be clarified that in this study some 
construction details have been neglected in calculating the activation multiplier of each 
mechanism. Consequently, the spectral accelerations a0

* found underestimate the actual ones. 
This aspect is particularly important in the case of the façade overturning mechanism, where 
the actual connection grade with orthogonal would make the mechanism considered less 
vulnerable than the assumed one, where no lateral wall interaction has been taken into 
account. Appropriate in situ investigations would clarify this aspect reducing the 
approximation of the evaluation performed. 

5  CONCLUSIONS 
In this paper a preliminary seismic analysis of the “San Rocco” church has been illustrated. 
The study has highlighted the importance of the knowledge, analysis and project within a 
complete design framework aimed to the cultural heritage preservation. The preliminary 
seismic assessment carried out accordingly to the macro-element approach has demonstrated 
that, in the case study considered, the façade overturning is the most vulnerable response 
mechanism to be prevented with respect to the other ones. However, in situ investigations 
should be performed in order to realistically define the actual connection level between the 
façade and the lateral walls. The knowledge of these details will make the macro-element 
model closer to the actual conditions, providing a more realistic prediction of the seismic 
behavior.  
     In general, the knowledge of the construction details, will allow of conducting more 
refined analyses capable of dimensioning rational and non-invasive interventions, respecting 
the integrity of the cultural heritage and the principle of being reversible as more as possible. 
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ABSTRACT 
This paper presents the assessment, rehabilitation and strengthening of a heritage masonry structure in 
Piraeus, Greece. The two-storey structure was constructed around 1900 and is used as a student 
restaurant at the University of Piraeus. The geometry is complex for a masonry structure and, 
furthermore, the masonry walls have been prestressed via wrought-iron tendons. The floors are 
constructed with the jack-arch method, supported by steel girders. This study was particularly 
challenging because of uncertainties regarding the properties of the structural materials and alterations 
to the live loads related to the change in the use of the building. Because the building has been declared 
a protected monument by the Greek State, the primary concern of the suggested retrofit was the 
preservation of its architectural and historical value. Thus, additional issues arose in the effort to 
minimize interventions. Extensive numerical simulations are presented and an extended discussion is 
included regarding the appropriate rehabilitation and strengthening techniques in order to satisfy both 
the basic principles for heritage rehabilitation and the required safety level. 
Keywords: historical buildings, masonry, retrofit, strengthening, restoration. 

1  INTRODUCTION 
The new city of Piraeus was planned as the port of Athens in 1834. The economic growth 
based on trade, industry and shipping led Piraeus to become the most important port in Greece 
and the Mediterranean during the 19th century [1]. This in turn resulted in the construction 
of many beautiful, neoclassical buildings like the one discussed in this paper. The building 
examined in this study was built in the first half of the 20th century, is one of the 359 listed 
buildings in the city of Piraeus and is a paragon of Greek heritage and architecture. 
     This paper proposes structural strengthening for the historical masonry structure under 
consideration. First, the load-carrying system of the building is assessed and then used to 
create a finite-element model, for which the Robot Structural Analysis software [2] is used. 
Moreover, the material properties must be simulated realistically to minimize the 
uncertainties associated with the mechanical properties. Precise modelling of the building’s 
geometry and the analyses used provide an accurate insight into the structural response. 
Finally, retrofitting measures based on non-destructive methods are proposed. 

2  DESCRIPTION OF GEOMETRY 
The building studied in this paper has two levels and is currently used as a restaurant for the 
students of the University of Piraeus. It has a rectangular layout with approximate dimensions 
of 23.9 m × 12.00 m, covers a total area of approximately 576 m2 and is partly covered by a 
timber roof. Therefore, the walls along one main direction are nearly twice the length of those 
in the other main direction. 
     The heights of the two levels and the roof are 4.30 m, 3.70 m and 1.0 m, respectively. 
Because of the architectural requirement of day lighting, each wall has several large openings 
with dimensions of 1.15 m × 2.20 m, occupying approximately 20% of the surface of each 
wall. Inevitably, this reduces the strength of the walls. Their thickness varies from 0.25–0.70 
m for the internal walls to 0.80 m for the external walls. Moreover, there is a 0.50 m-thick 
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unreinforced masonry parapet in the perimeter of the top level. Photographs of the exterior 
of the building (façade) are shown in Fig. 1, while plan views of the ground and first floors 
are presented in Fig. 2. 
 

 
         (a)           (b) 

Figure 1:   Exterior façades of building. (a) Northern; (b) Western. 

 
         (a)                  (b)   

Figure 2:  Plan views: (a) ground floor; (b) first floor. 

3  MATERIAL PROPERTIES 
As is the case with most historical masonry buildings [3], [4], the available data on the 
material properties were insufficient. Thus, the mechanical characteristics of the various 
elements constituting the masonry had to be specified through experiments by the contractor. 
State-of-the-art methods for specifying material properties can be found in the literature [5]–
[7]. However, for the examined building, common laboratory tests were conducted for 
calculating the mechanical characteristics of the various elements constituting the masonry. 
More specifically, five masonry units and three mortar samples were extracted from different 
locations of the building and subjected to mono-axial compression tests and granular and 
chemical analyses, respectively. The results of these tests showed the normalized mean 
compressive strength fb of the units in the direction of the applied action to be 43 MPa and 
the compressive strength fm of the mortar to be 1.19 MPa. With these two properties having 
been obtained, the characteristic compressive strength fk and shear strength fνk0 of the masonry 
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are calculated easily using equations provided in EN 1996-1-1 [8]. Additionally, two 
perforation tests were performed to define the slab thickness, while steel section profiles were 
obtained from two different locations of the jack-arch slab to measure their dimensions. 
Finally, the foundation of the building was examined so that possible issues could be 
investigated. 

4  STRUCTURAL CHARACTERISTICS 
As shown in Fig. 1, large limestones have been used at the corners where large stress 
concentrations are expected. Every corner stone is flanked by two others perpendicular to it. 
This arrangement of corner stones plays a fundamental role in ensuring an effective 
connection between perpendicular walls. Thus, this construction technique in historical 
masonry buildings contributes significantly to their monolithic response. 
     Regarding the slab of the ground floor, it comprises a jack-arch system (Fig. 3(a)), while 
for the roof of the first floor the same composite system is used only in the part not covered 
by the timber roof, as shown in Fig. 3(b). 
 

 

Figure 3:  Structural characteristics. (a) Configuration of jack-arch slab; (b) Location of roof 
where jack-arch slab is present. 

     Extensive research has been conducted into how composite steel–concrete slabs benefit a 
building’s response. El-Mahdy [9] notes that beams encased in concrete lead to reduced 
deformations, while Maheri [10] concludes that the extensive use of jack-arch slabs as floors 
in residential and industrial buildings results from their relatively low cost and easy 
application. The same conclusion is drawn in Oliveira and Debs [11], where it is also noted 
that in the case of composite slabs, steel profiles act as formwork during construction and as 
reinforcement in the service state. 
     Diaphragm action for the roof of the second floor is provided partially by the use of 
wrought-iron tie rods running along all longitudinal and transverse walls (Fig. 4(a)) and 
anchored in steel ties like those encircled in green in Fig. 4(b). The use of such steel ties in 
historical masonry structures can increase the load capacity of the participating walls [12]. It 
is also highlighted in Corradi et al. [13] that strengthening with steel cords significantly 
increases the compression and shear strength of the walls. However, as is stated in Mora-
Gómez [12] and Calderini et al. [14], increasing the pre-tension in the iron tie rods does not 
increase the collapse load by much. 
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(a) 

 

 
(b) 

Figure 4:  System of wrought-iron tie rods. (a) Locations of anchor plates on exterior walls 
of first floor; (b) Configuration of anchor plates (encircled in green). 

5  BUILDING PATHOLOGY AND RETROFITTING MEASURES 
The building is generally in good condition. This is related to the fact that the masonry walls 
are well connected to each other through effective floor diaphragms that secure the box 
behaviour of the building under horizontal loads. 
     It is widely accepted in the literature [15]–[18] that in the absence of floor diaphragms 
extensive damage is expected. The reason for this is that in the absence of rigid diaphragms, 
the walls act as cantilevers instead of simply supported panels. This increases the out-of-
plane bending of the masonry, thereby causing excessive damage because masonry has 
almost no ability to resist tension. Unfortunately, in historical masonry buildings, it is more 
than likely that there are no floor diaphragms at all. Asteris and Giannopoulos [19] also noted 
that traditional masonry structures were built with their geometry and aesthetic quality being 
the primary concerns, not their structural integrity. 
     To relieve walls of high out-of-plane bending values, it is desirable that they be as short 
as possible lengthwise. Fortuitously, as can be seen from the structural layout (Fig. 2), the 
walls on the long dimension of the examined building intersect with the two interior walls at 
two points. Moreover, the interior walls are sufficiently thick and long and without many 
openings. Thus, they can provide lateral support to the walls on the long dimension. Put 
simply, the transverse walls divide the unsupported length of the walls on the long dimension 
into three parts, thereby reducing their out-of-plane displacements. This, combined with the 
fact that the composite slab at the top of the ground floor as well as the steel ties at the top of 
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the first floor provide diaphragm action, reduces the likelihood of serious damage associated 
with an excessive out-of-plane response of the walls. However, the following deficiencies 
were recorded during the site visit: 

 indications of corrosion are visible on the structural members of the timber roof; 

 cracks on the stairs slab of the internal staircase; 

 an unreinforced masonry parapet in the perimeter of the top level is prone to out-of-
plane rocking behaviour; 

 detachment of the coating at several parts of the building due to moisture and 
oxidation of the steel profiles supporting the jacked arches. 

     The first three defects are shown in Fig. 5 and are elaborated in the following sections. 
 

   
            (a)         (b) 
 

 
(c) 

Figure 5:  Building’s pathology. (a) Typical truss having experienced corrosion by rainwater; 
(b) Statically insufficient thickness of stairs slab; (c) Masonry parapet in perimeter 
of top level. Restoration proposal requires its removal. 
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5.1  Timber roof 

The timber roof is significantly damaged. Although the structural members of the trusses do 
not appear to have experienced failure, some of the trusses exhibit excessive corrosion (Fig. 
5(a)) due to rainwater that was not blocked effectively by the roof tiles. Furthermore, the roof 
purlins have suffered large deflections. 

5.2  Internal staircase 

Changing the building from a house to a restaurant resulted inevitably in the structure having 
to withstand new, significantly increased live loads. The appearance of cracking on the 
internal staircase (Fig. 5(b)) can be attributed to this fact and to the thinness of the stair slab 
(around 5 cm) for the required cantilever action.  

5.3  Masonry parapet 

Additionally, the unreinforced masonry parapet in the perimeter of the top level (Fig. 5(c)) 
poses a threat to passers-by in case of a seismic event because it is insufficiently supported 
on steel section profiles. 

6  DESIGN PRINCIPLES 

6.1  Applied codes 

In addition to the weight of the structure itself, distributed dead loads of 1.2 kN/m2 and 
0.5 kN/m2 were considered for the floors and the timber roof, respectively, while the loads 
imposed on the floor and the roof were 3.0 kN/m2 and 1.0 kN/m2, respectively, as proposed 
in EN 1991-1-1 [20]. Snow and wind actions were also taken into account through the 
provisions of EN 1991-1-3 [21] and EN 1991-1-4 [22], respectively. 
     Based on EN 1998-1-1 [23], an inelastic response spectrum was adopted for soil type D 
(soil factor S = 1.35; characteristic response spectrum periods TB = 0.2 s, TC = 0.8 s and TD = 
2.5 s; design ground acceleration ag = 0.16g; importance factor γI = 1.20; behaviour factor q 
= 1.50). Finally, the load combinations used were in accordance with EN 1990 [24]. 

6.2  Structural evaluation of building 

The design resistances of unreinforced masonry, according to EN 1996-1-1 [25], were used 
to check the results of the analyses and are summarized below: 

𝑁
𝛷𝑡𝑓
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.
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𝑉
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     Note that the capacity of the two walls supporting the internal staircase to withstand the 
concentrated loads applied on them was checked by hand according to the provisions of EN 
1996-1-1 [25]. 

7  NUMERICAL ANALYSES 

7.1  Finite-element models 

When studying the response of masonry buildings, using shell elements is the most effective 
way to model the in- and out-of-plane behaviour of walls because of the ability of shell 
elements to capture flexural deformations and membrane forces accurately. In this case study, 
four-node shell elements were used with thicknesses of 0.25–0.80 m according to the actual 
thicknesses of the exterior and interior walls of the building. A convergence analysis was 
necessary to define the finite element size. Pinned connections were assumed for the 
boundary conditions of the mathematical model because no failures indicating foundation or 
soil failure were recorded during the site investigation. Note that for reasons of simplicity, 
the effect of the wrought-iron tie rods was neglected. Additionally, the composite slab was 
not considered explicitly in the finite-element model. More specifically, an equivalent 
thickness of reinforced concrete slab was used, taking into account the material properties of 
the jack-arch system (i.e. the properties of the concrete and steel sections). Given that the 
jack-arch system is considered sufficient to provide diaphragm action, the rigid-diaphragm 
option in the software was used only where this system is present (Fig. 6). 
     The timber roof was not included at all in the finite-element model because practically its 
connection to the masonry walls is almost impossible to achieve. This is due to the fact that 
the huge lateral stiffness of the masonry walls makes the in-plane stiffness of the floor 
insignificant. However, typical lattice trusses of the roof were modelled and then solved 
under the characteristic imposed snow and wind loads acting on them. The reactions of each 
load case where then transferred to the respective node of the three-dimensional model (Fig. 
6). 
 

 

Figure 6:  Finite-element model of structure. 
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8  STRENGTHENING PROPOSAL 
As in most cases of retrofitting historical buildings [26], the strengthening methods should 
not alter the traditional architectural characteristics of the building. In particular, because an 
effective repair of the timber roof would be rather unfeasible or at least cost-ineffective, the 
design team decided on removing the roof completely and constructing a new one. The new 
timber roof will have a similar configuration to that of the existing one and will be adequately 
connected to the masonry walls so that rigid diaphragm action can be achieved. 
     Moreover, to relieve the internal staircase from its cracking, the external bonding of the 
two walls that are supporting it is proposed through textile-reinforced mortar (TRM). The 
advantages of this strengthening method over similar ones are studied extensively in 
Papanicolaou et al. [27] and Tetta et al. [28], where TRM is compared with fibre-reinforced 
polymer (FRP) as the strengthening material. 
     Stainless-steel sections are also suggested as a means of interconnecting the walls of the 
parapet. This strengthening method is expected to contribute significantly to making potential 
out-of-plane rocking behaviour of the parapet unlikely. 
     Finally, the steel sections participating in the jack-arch system that have been diagnosed 
with oxidation will be repaired through sandblasting. 
     Note that of all the aforementioned strengthening techniques, only the one involving 
adding a rigid diaphragm at the top of the first floor was considered in the modified 
mathematical model (Fig. 7). The reason for this is that the other restoration measures are 
unlikely to have a significant effect on the global behaviour of the building. Note also that 
because the configuration of the new timber roof will follow closely that of the existing one, 
all the loads transferred from the timber trusses to the masonry walls will be equal to the 
initial ones. 
 

 

Figure 7:  Finite-element model in Robot Structural Analysis software after strengthening 
proposal. 
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9  COMPARISON OF RESULTS 
In Fig. 8, the results for the bending moments and the displacements in both main directions 
are compared for the initial structure and the strengthened one. In the absence of a diaphragm 
at the top level, the walls of the first floor behave as cantilevers in practice. Consequently, 
while the bending moments and displacements have low values within the walls of the ground 
floor, they increase freely from the base to the top of the first floor. In the strengthened model, 
shear forces, displacements and bending moments were limited to low values. 
 

 
                                        (a)                                                                (b) 

 
                                        (c)                                                                   (d) 

 
                                        (e)                                                                  (f) 

Figure 8:  Indicative analysis results after strengthening proposal. (a), (b) Principal bending 
moment M1 (kN∙m/m); (c), (d) Global displacements in X direction (mm); (e), (f) 
Global displacements in Y direction (mm). 

     Table 1 allows comparison of various results obtained from analysing the existing 
structure and the retrofitted one. The results refer to the maximum principal bending moment, 
shear force and global displacement of the structure. All values for the retrofitted section 
satisfied the design checks [25]. Note also that the modal frequencies of the retrofitted 
building are higher than those of the existing building owing to an increase in stiffness 
associated with the presence of floor diaphragms. 
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Table 1:  Comparative results for initial building and strengthened one. 

 

Max. 
moment 

(kN∙m/m) 

Max. 
shear 

(kN/m) 

Max. 
displacement 

Ux (mm) 

Max. 
displacement 

Uy (mm) 

Before 
retrofit 

563.54 1382.661 21.5 24.8 

After 
retrofit 

166.17 566.67 6.9 7.1 

10  CONCLUSIONS 
1. The initial building is characterized by compact box behaviour that is attributed to the 

adequate connection of intersecting walls, the lack of long unsupported walls and the 
existence of rigid diaphragms and wrought-iron tie rods at the top of the ground floor and 
first floor, respectively. For this reason, the building has experienced no earthquake-
related damage. 

2. Some defects were recorded during the site visit, such as corroded trusses of the timber 
floor, cracks on the stair slab of the internal staircase, an improperly supported parapet 
and some oxidized steel sections participating in the jack-arch system. However, these 
defects are irrelevant to the global response of the building. 

3. Even with only the addition of a rigid diaphragm at the top of the first floor considered in 
the strengthened model and all the other retrofitting measures ignored, the structural 
behaviour of the building is improved significantly. 

4. Not only did the maximum displacements decrease as a result of the diaphragm, the 
difference in terms of the maximum displacement between the orthogonal directions also 
decreased. This is related to the improved box behaviour of the building resulting from 
adding a second rigid diaphragm. 

5. Introducing rigid diaphragms led to the structural performance complying with the given 
codes, even with more-sophisticated methods of seismic assessment. The key aspects of 
this method are that it is relatively cost-effective, reversible and alters the appearance of 
the building only minimally. 

6. The presence of rigid diaphragms decreased the structure’s fundamental period. 
Therefore, for structures founded on soft soil and characterized by a long period, this 
retrofitting method could also be beneficial by preventing dynamic amplifications 
generated by the resonance between the underlying soil layers and the superstructure. 
Conversely, this strengthening method should be selected carefully for structures founded 
on firm soil because a further decrease in the structure’s fundamental period could lead 
to the tuning of the soil–structure system, with detrimental effects on its seismic 
performance. 

REFERENCES 
[1] Malikouti, S., Piraeus 1834–1912, Cultural Institute of Piraeus, 2004. (In Greek.) 
[2] Autodesk Robot Structural Analysis Professional v.29.0, 2016. Online. 

https://www.autodesk.com/products/robot-structural-analysis/overview. 
[3] Maraveas, C., Tasiouli, K. & Fasoulakis, Z., Assessment of the new Faliron steam–

electric station in Greece. 14th International Conference on Studies, Repairs and 
Maintenance of Heritage Architecture, A Coruña, Spain, pp. 247–259, 2015. 

510  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



[4] Maraveas, C. & Tasiouli, K., Assessment and restoration of the first Greek power plant 
– registered monument of industrial heritage. Case Studies in Structural Engineering, 
2, pp. 1–10, 2015. 

[5] Boscato, G., Di Tomasso, A., Guerra, F., Lazzarini, L., Mazzucato, A. & Pizzolato, M. 
Approach and methodology in understanding the structural behaviour of historic arch 
bridges through dynamic monitoring: the case of Rialto Bridge in Venice. Proceedings 
of 34th IABSE Symposium on large structures and infrastructures for environmentally 
constrained and urbanised areas, ed. A. Steffen, Venice, Italy, September 22–24, 
Zurich: International Association for Bridge and Structural Engineering, 2010. 

[6] Boscato, G., Dal Cin, A., Riva, G., Russo, S. & Sciarretta, F., Knowledge of the 
construction technique of the multiple leaf masonry façades of Palazzo Ducale in 
Venice with ND and MD tests. Advanced Materials Research, 919–921, pp. 318–324, 
2014.  

[7] Sciarretta, F., Antonelli, F., Peron, F. & Caniglia, S., Final outcomes on the multi-
disciplinary long-term monitoring and preservation state investigation on the medieval 
external Façades of Palazzo Ducale in Venice, Italy. Journal of Civil Structural Health 
Monitoring, 8(1), pp. 111–133, 2018. 

[8] EN 1996-1-1, Eurocode 6- Design of masonry structures–Part 1-1: general rules for 
reinforced and unreinforced masonry structures. CEN, Brussels, 2005. 

[9] El-Mahdy, O., Structural behavior of concrete encased steel beams. Ain Shams 
Engineering Journal, 40(4), pp. 87–99, 2005. 

[10] Maheri, M., Seismic evaluation and design of jack arch slabs. 13th World Conference 
on Earthquake Engineering, Vancouver, B.C., Canada, paper no. 3028, 2004. 

[11] Oliveira, L. & Debs, A., Evaluation of the in service behavior of steel-concrete 
composite slabs. Proceedings of the Fib Symposium 2019: Concrete Innovations in 
Materials, Design and Structures, Krakow, Poland, May 27–29, 2019. 

[12] Mora-Gómez, J., Historical iron tie-rods in vaulted structures: parametrical study 
through a scaled model. WIT Transactions on the Built Environment, vol. 153, WIT 
Press: Seville, pp. 669–680, 2015.  

[13] Corradi, M., Borri, A., Giannantoni, A. & Speranzini, E., Reinforcement of historic 
masonry with high strength steel cords. Masonry International, 23, pp. 79–90, 2010. 

[14] Calderini, C., Lagomarsino, S., Rossi, M., Decanio, G., Mongelli, M. & Roselli, I. 
Seismic behaviour of masonry arches with tie-rods: dynamic tests on a scale model. 
15th WCEE World Conference on Earthquake Engineering, Lisbon, Portugal, 
September 24–28, 2012. 

[15] Tomaževič, M., Earthquake-Resistant Design of Masonry Buildings, Imperial College 
Press, 1999. 

[16] Langroudi, J., Ranjbar, M., Hashemi, S. & Moghadam, A., Evaluation of roof 
diaphragm effect on seismic behavior of masonry buildings. Proceedings of the 8th 
International Conference on Structural Dynamics, Leuven, Belgium, 4–6 July, 2011. 

[17] Gabellieri, R., Diotallevi, P.P. & Landi, L., Effect of diaphragm flexibility on the 
dynamic behaviour of unreinforced masonry walls in out-of-plane bending. 15th World 
Conference on Earthquake Engineering (15WCEE), Lisbon, Portugal, pp. 24–28, 
2012. 

[18] Simsir, C., Aschheim, M. & Abrams, D., Influence of diaphragm flexibility on the out-
of-plane response of unreinforced masonry walls. Proceedings of the 9th Canadian 
Masonry Symposium, Fredericton, Canada, 2001. 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  511

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



[19] Asteris, P.G. & Giannopoulos, I.P., Vulnerability and restoration assessment of 
masonry structural systems. Electronic Journal of Structural Engineering, 12(1), pp. 
82–93, 2012. 

[20] EN 1991-1-1, Eurocode 1: Actions on structures–Part 1-1: General actions – Densities, 
self-weight, imposed loads for buildings. CEN, Brussels, 2002. 

[21] EN 1991-1-3, Eurocode 1: Actions on structures–Part 1-3: General actions – Snow 
loads. CEN, Brussels, 2003. 

[22] EN 1991-1-4, Eurocode 1: Actions on structures–Part 1-4: General actions – Wind 
actions. CEN, Brussels, 2005. 

[23] EN 1998-1-1, Eurocode 8–Design of structures for earthquake resistance–Part 1: 
general rules, seismic actions and rules for buildings. CEN, Brussels, 2003. 

[24] EN 1990, Eurocode – Basis of structural design. CEN, Brussels, 2002. 
[25] EN 1996-1-1, Eurocode 6–Design of masonry structures–Part 1-1: general rules for 

reinforced and unreinforced masonry structures. CEN, Brussels, 2005. 
[26] Maraveas, C., Miamis, K., Tasiouli, K. & Fasoulakis, Z., Structural analysis and 

retrofitting of “Tzotza” building in Kastoria, Greece. 9th International Conference on 
Structural Analysis of Historical Construction, Mexico City, Mexico, paper 13_003, 
2014. 

[27] Papanicolaou, C.G., Triantafillou, T.C., Karlos, K. & Papathanasiou, M., Textile-
reinforced mortar (TRM) versus FRP as strengthening material of URM walls: in-
plane cyclic loading. Materials and Structures, 40, pp. 1081–1097, 2007.  

[28] Tetta, Z.C., Koutas, L.N. & Bournas, D.A., Textile-reinforced mortar (TRM) versus 
fiber-reinforced polymers (FRP) in shear strengthening of concrete beams. Composites 
Part B: Engineering, 77, pp. 338–348, 2015. 

512  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 191, © 2019 WIT Press



 

Structural Studies, Repairs and Maintenance of Heritage Architecture XVI  513

Author index 
 

Agost Felip R. .................................. 177 
Aljawder H. M. ................................ 395 
Alsabban R. F. .................................. 113 
Andrić D. .......................................... 467 
Andris F............................................ 501 
Arcila Garrido M. ....................... 17, 271 
Autiero F. ......................................... 341 
 
Bellagamba I. ................................... 457 
Benítez López D. ................................ 17 
Beukes Bruyns G. J. ......................... 257 
 
Cabeza González M. ........................ 177 
Caglioti B. ........................................ 151 
Calderón Puerta D. M. ..................... 271 
Caponero M. ..................................... 457 
Čejka T. ............................................ 359 
Cescatti E. ........................................ 151 
Chica Ruiz A. ..................................... 17 
Chu Y. C. ......................................... 301 
Crespo de Antonio M. ...................... 433 
Cunha-Ferreira T. ............................. 187 
 
D’Amato M. ..................................... 491 
da Conceição Lopes A. ...................... 85 
de la Fuente Arana A. ......... 29, 127, 291 
de Martino G. ................................... 341 
di Ludovico M. ................................. 341 
Dobre D. ........................................... 479 
Dragomir C. S. ................................. 479 
 
Eizaguirre-Iribar A. .......................... 309 
El-Wakeel H. A. ............................... 395 
 
Ferenc K. .......................................... 199 
 
Galić J. ............................................. 467 
Garcia Zanoni V. A. ......................... 139 
González Casas J. L. ........................ 211 
Grijalba-Aseguinolaza O. ................. 309 
Guades E. J. ...................................... 369 
 
Henriques Ferreira C. J....................... 85 
Howard C. J. ..................................... 383 
Hsu M. F. ......................................... 301 

Hsu M.-F. .......................................... 351 
Huedo Dordá P. ................................ 177 
 
Jachna T. J. ....................................... 257 
 
Kafuuma G. ........................................ 79 
Konsta A. .......................................... 237 
Kroftová K. ....................................... 359 
 
Lima B. B. ........................................ 139 
Llano-Castresana U. ........... 29, 127, 291 
López-Osorio J. M. ............................. 97 
Luengas-Carreño D. .......................... 433 
 
Ma Y. ................................................ 257 
Maniscalco K. ................................... 245 
Mansour A. M. ................................. 443 
Maraveas C. ...................................... 501 
Modena C. ........................................ 151 
Mohammed M. F. M. ........................ 321 
Mongelli M. ...................................... 457 
Muhwezi E. ......................................... 79 
Muñoz Hernández J. ......................... 211 
 
Nash H. A. ........................................ 225 
Nasri M. H. ....................................... 443 
 
Olumide O. ....................................... 281 
Olweny M. R. O. .......................... 67, 79 
Ordóñez-Castañón D. ....................... 187 
Orihuela A. ......................................... 97 
Osasona C. O. ..................................... 43 
Ousmanou Z. ...................................... 57 
Ozorhon G. ............................... 411, 421 
Ozorhon I. F. ............................. 411, 421 
 
Pagliuca A. ....................................... 491 
Prota A. ............................................. 341 
 
Ramírez Guerrero G. .......................... 17 
Robison E. C. .................................... 163 
Ruá Aguilar M. J. ............................. 177 
 
Sáez Riquelme B. ............................. 177 
Samargandi S. ................................... 321 



Samir H. ........................................... 321 
San Sebastián Poch E. ........................ 29 
Sánchez-Beitia S. ..................... 187, 433 
Shaheen W. .......................................... 3 
Shang P.-Y. ...................................... 351 
Škoda D. ........................................... 359 
Stang H. ............................................ 369 

 
Trausi P. P. ....................................... 491 

Vukić H. ........................................... 467 
 

Wako A. K. ......................................... 67 
Witzany J. ......................................... 359 
 

Yang H.-J. ......................................... 351 
Yu Lin T. .......................................... 301 
Yu Yi P. ............................................ 301 
 

Zhang S. ............................................ 257 

514  Structural Studies, Repairs and Maintenance of Heritage Architecture XVI



...for scientists by scientists

All prices correct at time of going to press but subject to 
change.

WIT Press books are available through your bookseller or 
direct from the publisher.

Building Information Modelling (BIM) in Design, 
Construction and Operations III
Edited by: W. P. DE WILDE, Free University of Brussels, Belgium, L. MAHDJOUBI, University of 
the West of England, UK and A. GALIANO GARRIGÓS, University of Alicante, Spain

Originating from the 2019 International Conference on Building Information 
Modelling this book presents latest findings in the field. This volume presents research 
from a panel of experts from industry, practice and academia touching on key topics, 
the development of innovative solutions, and the identification future trends.

The modern construction industry and built environment disciplines have been 
transformed through the development of new and innovative BIM tools and 
techniques. These have fundamentally altered the manner in which construction 
teams operate; the processes through which designs are evolved; and the relationships 
between conceptual, detail, construction and life cycle stages.

BIM is essentially value-creating collaboration throughout the entire life-cycle 
of an asset, underpinned by the data attached to them. BIM has far and reaching 
consequences on both building procurement and infrastructure. This recent 
emergence constitutes one of the most exciting developments in the field of the Built 
Environment. These advances have offered project teams multi-sensory collaborative 
tools and opportunities for new communication structures.

The included papers focus on such topics as: BIM in design coordination, Construction 
operations; Building operation and maintenance; BIM and sustainability; 
Collaborative working and practices; Facilities management integration and GIS 
integration; Automation in construction; Health and safety; BIM and interoperability; 
Life cycle project management; Cultural heritage; BIM and Robotics; Risk analysis 
and management and Emergency analysis, planning and management.

ISBN: 978-1-78466-361-2         eISBN: 978-1-78466-362-9    
Published 2019  /  362pp 


	Cover
	Structural Studies, Repairs and Maintenance of Heritage Architecture XVI
	Copyright Page
	Preface
	Contents
	Section 1: Heritage and tourism
	Planning and rehabilitation in historical areas and repercussions on the tourism and economic sectors in areas of Palestine
	Concrete as heritage: Social perception and its valuing – The Zarzuela Hippodrome case
	Indicators of sustainable development for cultural landscapes: Film sceneries and cultural heritage

	Section 2: Heritage architecture and historical aspects
	Architectural renewal: A rising dawn in Ile-Ife?
	Meanings and significance of colonial architecture in Douala, Cameroon
	Historical study of Jinja, Uganda: A city influenced by industrial developments during the early 20th century
	Heritage significance of late 19th and early 20th century buildings in the Buganda Kingdom, Uganda
	Planned and untold story of the city’s architecture: The pre-industrial plan for the riverside boundary of Lisbon, Portugal – Materialized and remaining aspects of Carlos Mardel’s Plan from 1733
	Knowledge and interpretation processes of the Andalusí bath of El Nogal or Bañuelo (Ḥammām al-Ŷawza) in Granada, Spain (1832–2019)
	Utilizing virtual reality technology in the preservation of architectural heritage: An empirical study of the local architecture of Hijazi identity in the Mecca region of Saudi Arabia

	Section 3: Management and assessment of heritage buildings
	Built heritage of the dismantled railway network: Main causes of its persistence
	Visual documentation of the state of conservation by means of UAV: The case of marble cladding systems on the façades of the Brazilian Palace of Congress
	Monument of Ludovico Ariosto in Ferrara, Italy: Conservation of architectural surfaces and structural consolidation
	Structural analysis of wood trusses of San Paolo fuori le Mura, Rome, Italy

	Section 4: Modern (19th/20th century) heritage
	Spanish social housing in the 20th century: Typological analysis of residential complexes built in Castellón in the 1950s
	Towards a new approach of architectural heritage intervention in Portugal: Fernando Távora and the refurbishment of the Casa da Igreja of Mondim de Basto (1958–1961)
	19th century salt baths of Transylvania
	Traces and scars: The reconstruction of Madrid’s Ciudad Universitaria after the Spanish Civil War

	Section 5: Re-use of heritage buildings
	Permitting significant harm in the conservation of heritage assets: Conflicts in sustainable land-use planning decisions
	Built heritage use and compatibility evaluation methods: Towards effective decision making

	Section 6: Adaptability and accessibility
	Access to heritage: The role of the Maltese national cultural heritage agency
	Renegotiation of metropolitan heritage in China: Yihe Mansions, Nanjing

	Section 7: Social, cultural and economic aspects
	Historical heritage as a tourist resource: The case of the province of Cádiz, Spain
	Education for saving material culture: Challenge of promoting heritage education in a developing economy
	Architecture and cultural heritage management tools: Landscape Action Plans
	Preventive preservation of cultural heritage within a hot and humid climate: A case study of Tainan Confucian Temple, Taiwan
	Analysing the impact of comprehensive refurbishment policies on social and heritage protection issues
	Placemaking as an approach to foster cultural tourism in heritage sites

	Section 8: Material characterization
	Mechanical properties of rock units from the Pompeii archaeological site, Italy
	Image recognition system for use in restoring granite items in Taiwanese heritage buildings
	Consolidation of natural stone with calcium hydroxide nanosuspension in ethanol and verification of surface hardening rate
	Structural performance of concrete elements retrofitted by a geopolymer strengthening system: Input in the rehabilitation of historical buildings

	Section 9: Learning from the past
	Value of wisdom through experience: Sustainable heritage
	Evaluating the performance of a daylighting traditional device, the mashrabiya, in clear sky conditions: Case study of a traditional Bahraini house
	Reading the research: Publications on vernacular architecture
	Investigating the ways of learning from vernacular architecture

	Section 10: Industrial heritage
	Characterisation of historical lighthouses as industrial heritage elements: Application to the lighthouse of the Island of Santa Clara, Spain
	Reviving craftsmanship and crafts within the context of industrial architectural heritage

	Section 11: Heritage masonry structures
	Using fiber-optic sensors and 3D photogrammetric reconstruction for crack pattern monitoring of masonry structures at the Aurelian Walls in Rome, Italy
	Structural assessment of Dubrovnik Cathedral, Croatia
	Seismic and non-seismic analyses to preserve a cultural heritage masonry building
	Knowledge to recover the built heritage: Case study of “San Rocco” church in Matera, Italy
	Assessment and rehabilitation of a heritage masonry building in Piraeus, Greece

	Author index
	A
	B
	C
	D
	E
	F
	G
	H
	J
	K
	L
	M
	N
	O
	P
	R
	S
	T
	V
	W
	Y
	Z




