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ABSTRACT

The 1755 Lisbon Earthquake, with an estimated magnitude of Mw ≈ 8.5, was one of the greatest
earthquakes in history. It caused considerable damage in Lisbon, mainly concentrated in the
Downtown due to the existence of densely arranged buildings on narrow streets; and on monumental
structures due to the predominant earthquake frequencies. The ground movement was followed by a
tsunami and fire, which increased the loss, both in terms of built environment and of human lives.
Following the earthquake, Marquês de Pombal was given the responsibility for dealing with the
emergency response, and later for the reconstruction of Lisbon. The survey known after his name and
the answers given by the priests, provide even today an important source for studying the aftermath of
the event.
For the reconstruction of the city, Baixa and Chiado districts -which were almost completely destroyedwere razed, and rebuilt according to a new plan incorporating an orthogonal pattern with wider streets
for increased safety. The buildings were constructed in a system called the Gaiola Pombalina, which
wasn’t a new invention but an intelligent solution that could be “prefabricated”, and therefore
correspond to a large-scale rebuilding process.
Today Lisbon is again threatened by the imminent risk of a large magnitude earthquake and the
vulnerability of the cultural heritage -the Gaiola buildings, in the scope of the thesis- is one of the
questionable issues. The buildings are either left and thus lack maintenance, or excessive alterations
are made to their structural systems; in both cases, their seismic behaviour appears as a serious
problem. However, as the occurrence of earthquakes in Lisbon and in continental Portugal is relatively
infrequent, there seems to be not enough awareness or adequate risk mitigation strategies adopted.
İstanbul presents an interesting object for comparison within this context, as it is also confronted by
the high probability of a large earthquake in the near future. Although the expected magnitude will be
significantly lower than Lisbon, the seismic risk in terms of cultural heritage may attain similar values,
as the buildings are even more dilapidated and also surrounded by poorly constructed reinforced
concrete structures, whose seismic behaviour is highly suspicious. One curious aspect is that, even
there is enough awareness on the severity of earthquakes -as İstanbul and Turkey suffers frequently
from seismic events- it is still not possible to say that adequate initiatives have been taken to ensure
the continuity of historic buildings. Furthermore, the urban renewal projects in the Historic Peninsula
receive severe critics as they ignore the authenticity of buildings and intangible values of the districts.
Therefore, solid steps for the protection of cultural heritage must be taken in both Lisbon and İstanbul,
as these constitute not only an important part of the built environment, but also the very spirit of the
cities, and their loss in the case of an earthquake would have traumatic effects on citizens.
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O SISMO DE LISBOA DE 1755 E A PROTECÇÃO DO PATRIMÓNIO
ARQUITECTÓNICO DE FUTUROS SISMOS /
ESTUDO COMPARATIVO SOBRE SISMOS E PREVENÇÃO DO RISCO EM
ISTANBUL
O sismo de Lisboa de 1755, com uma magnitude estimada de Mw ≈ 8.5, foi um dos maiores
terramotos da História. Este sismo causou dano considerável em Lisboa, essencialmente
concentrado na zona da Baixa, devido à densidade populacional, e em estruturas monumentais
devido às frequências predominantes do sismo. O sismo foi seguido de um tsunami e incêndios, os
quais intensificaram as perdas, tanto humanas como materiais.
Na sequência do sismo de 1755, o Marquês de Pombal ficou responsável pela resposta de
emergência e, posteriormente, pela reconstrução da cidade. O questionário por ele elaborado e as
respostas fornecidas pelos abades fornecem actualmente uma importante fonte de informação, para
estudar as consequências do evento.
Para a reconstrução da cidade, a Baixa e o Chiado -que foram quase completamente destruídosforam demolidos e reconstruídos de acordo com um novo plano que incorporava uma malha
ortogonal com ruas mais largas e seguras. Os edifícios foram construídos de acordo com um sistema
designado por “Gaiola Pombalina”, não uma nova invenção mas antes uma solução inteligente de
pré-fabricação, adequada a um processo de construção em larga escala.
Hoje em dia, Lisboa está novamente ameaçada pelo risco eminente de um sismo de elevada
magnitude e a vulnerabilidade sísmica do seu património arquitectónico -os edifícios “Gaiola
Pombalina” no âmbito desta tese- é um dos aspectos em debate. Estes edifícios são abandonados e
ficam sem manutenção ou sofrem alterações excessivas em termos do sistema estrutural, pelo que o
seu comportamento sísmico parece ser um problema sério em ambos os casos. Contudo, como os
sismos em Lisboa e Portugal Continental são raros, parece não haver consciência suficiente ou
adopção de medidas de mitigação do risco sísmico adequadas.
Istanbul apresenta-se como um termo de comparação interessante neste caso, uma vez que existe
uma elevada probabilidade de ocorrência de um sismo de elevada magnitude no futuro próximo.
Apesar da magnitude esperada ser inferior à de Lisboa, o risco sísmico em termos de património
arquitectónico deverá atingir valores semelhantes, uma vez que as construções estão cada vez mais
deterioradas e também rodeadas por construções em betão armado de construção deficiente, cujo
comportamento sísmico é altamente duvidoso. Um aspecto curioso é que, havendo consciência da
severidade dos sismos -Istanbul e a Turquia sofrem sismos frequentemente- ainda não é possível
dizer que se tomaram iniciativas suficientes para assegurar a continuidade dos edifícios históricos.
Para além disso, os projectos de renovação urbana da Península Histórica receberam críticas
severas uma vez que ignoram a autenticidade das construções e o valor intangível dos quarteirões.
Assim, é necessário empreender passos importantes no sentido da protecção do património
arquitectónico em Lisboa e Istanbul, uma vez que este constitui não só uma parte do edificado mas
também o espírito das cidades, e a sua perda em caso de sismo teria consequências traumáticas nos
habitantes.
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1755 LİZBON DEPREMİ VE KÜLTÜR MİRASININ DEPREME KARŞI KORUNMASI /
İSTANBUL İLE KARŞILAŞTIRMALI BİR ÇALIŞMA
Tahmini şiddeti Mw ≈ 8.5 olarak düşünülen 1755 Lizbon Depremi, tarihteki en büyük depremlerden
biridir. Deprem Lizbon’da ciddi hasara neden olmuş; özellikle dar sokaklar üzerinde yoğun bir
yapılaşmanın yer aldığı kent merkezi ile anıtsal yapılar büyük ölçüde zarar görmüştür. Sarsıntıları takip
eden tsunami ve günlerce süren yangın, hem yapılardaki hasarın hem de ölü sayısının artmasına yol
açmıştır.
Depremin ardından Marquês de Pombal, acil durum önlemleri ve sonrasında da Lizbon’un yeniden
inşası ile görevlendirilmiştir. Kendi ismiyle anılan anketler ve rahipler tarafından bunlara gönderilen
yanıtlar, bugün dahi deprem hakkındaki çalışmalarda önemli bir kaynak oluşturmaktadır.
Kentin yeniden imarı için, neredeyse tüm yapıların yıkılmış olduğu Baixa ve Chiado bölgeleri,
ortogonal bir plana göre tamamen yeniden düzenlenmiş; daha güvenli olmaları için sokaklar daha
geniş olarak tasarlanmıştır. Yapıların inşasında ise, yeni bir buluş olmasa da “prefabrikasyona” olanak
tanıyarak büyük ölçekli bir yeniden yapım sürecine uyum sağlayan ve Gaiola Pombalina olarak
adlandırılan yapım sistemi kullanılmıştır.
Lizbon bugün yine şiddetli bir deprem tehlikesiyle karşı karşıyadır ve kültürel mirasının deprem
davranışı -tez kapsamında incelenen Gaiola Pombalina yapılar da dahil olmak üzere- tartışma
konularından biridir. Yapılar ya terk edilip bakımdan mahrum bırakılarak, veya strüktürel sistemlerine
aşırı müdahalelerde bulunularak depremin etkilerine karşı zayıflatılmaktadır. Ancak, Lizbon’da ve kıta
Portekiz’inde deprem dönüş sürelerinin oldukça fazla olması nedeniyle, bu konuda gereken
duyarlılığın oluşmadığı ve sismik risk azaltım çalışmalarına yeterli önemin verilmediği anlaşılmaktadır.
Yakın gelecekte büyük bir depremin beklendiği İstanbul, bu kapsamda karşılaştırma yapmak için
oldukça ilginç bir konu oluşturmaktadır. Depremin şiddetinin Lizbon’dan düşük olacağı açık olsa da,
tarihi yapıların korunma durumlarının genel olarak daha kötü olması ve oldukça zayıf biçimde inşa
edilmiş betonarme yapılarla çevrili olmaları, deprem riskinin benzer değerlere ulaşmasını mümkün
hale getirmektedir. Dikkate değer bir konu, depremlerin sıklıkla yaşandığı İstanbul ve Türkiye’de
deprem tehlikesi hakkında yeterince duyarlılık olmasına karşın, tarihi yapıların sürekliliğini sağlamak
için somut önlemlerin henüz yaşama geçirilmemiş olmasıdır. Üstelik, Tarihi Yarımada’da
sürdürülmekte olan Kentsel Dönüşüm Projeleri, yapıların özgünlüğüne ve tarihi mahallelerin soyut
değerlerine yeterince önem vermemeleri nedeniyle şiddetle eleştirilmektedir.
Hem yapılı çevrenin önemli bir kısmını hem de kentlerin “ruhunu” oluşturan tarihi yapıların bir deprem
sonucunda kaybı, kentliler için ciddi bir psikolojik travmaya neden olacaktır. Bu nedenle Lizbon ve
İstanbul’un kültürel miraslarının korunması için gereken önlemlerin en kısa zamanda alınması önem
taşımaktadır.
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1.

INTRODUCTION

Earthquakes are amongst the most destructive events that cause considerable losses to cultural
heritage. This is both due to the instantaneous and intensive character of the event, and also to the
negligence of Man who do not take the necessary measures to mitigate the risk and thus prevent a
significant part of the damage in advance.
Lisbon and İstanbul are two cities situated on the western and eastern tips of Europe respectively, with
long histories of great civilizations that accumulated a vast cultural heritage, but also of devastating
earthquakes that caused partial or total destruction of this irreplaceable resource.
Today, again facing an imminent risk of a large magnitude earthquake, neither city seems to have a
solid risk preparedness or mitigation strategy concerning the cultural heritage, whose loss will
generate not only an economic crisis but also a serious trauma on the citizens, as these constitute an
important part of the city centers.

1.1 Motivations
As an ordinary citizen of İstanbul and also as a Restorer / Architect, the seismic vulnerability of the
immense cultural heritage of the city has always been an alarming issue, emphasized continuously by
our professors at İstanbul Technical University. The choice of the topic “Protecting İstanbul’s World
Heritage Against Earthquakes” for my Ph.D. thesis1 was the manifestation of this concern, which was
unfortunately not shared greatly by the decision makers.
Working about Lisbon, the 1755 Lisbon Earthquake, and the methodologies adopted to mitigate the
damages to cultural heritage in case of a future earthquake, was therefore more than a natural
decision, which could provide valuable insights about my Ph. D. thesis.
Thus, the main motivation for the current work was to observe how another city -with a seismic risk
similar to İstanbul- was dealing with the issue of cultural heritage protection in this context, in order to
deduct some useful results that could later be benefited from for a study on İstanbul’s World Heritage.

1.2 Objectives
The thesis is concerned on earthquakes and their impacts on cultural heritage, both in terms of
monuments and also civil architecture buildings, within a comparative study between Lisbon and
İstanbul.

1

The author is still working on her Ph.D. thesis on the specified subject, at İstanbul Technical University, Faculty of
Architecture, Department of Restoration.
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The main objectives of the thesis are:
-

To study the 1755 Lisbon Earthquake in detail in terms of its characteristics, the damages it
caused to the built environment, and the emergency response and reconstruction approach;

-

To define the ongoing studies/projects carried out by the public bodies for the protection of cultural
heritage buildings in Lisbon, in case of a future 1755-like event;

-

To carry out a survey on the rehabilitation/seismic upgrading projects implemented nowadays in
Lisbon, in order to determine the commonly used intervention techniques; and finally,

-

To make a comparison between Lisbon and İstanbul on the previous subjects, in order to define
the strategies that should be adopted to ensure the continuity of the cultural heritage against
seismic actions.

1.3 Contents and Methodology
The thesis is comprised of seven chapters including the introduction, where the motivations and
objectives are given briefly; and an overview of the subjects covered and the methods adopted are
explained.
In Chapter 2, Lisbon is introduced in terms of its geological conditions, urban development and past
earthquakes that affected the city. The research is mainly focused in the Downtown, as this is where
the historic nucleus is located, with an impressive collection of cultural heritage buildings.
In Chapter 3, the 1755 Lisbon Earthquake is examined in detail, depending on a comprehensive
literature review. The description of the earthquake and the consequent tsunami and fire; the damages
they caused on both monumental and residential buildings; the emergency response managed mainly
by Marquês de Pombal, who also conducted a survey on the characteristics and consequences of the
event; and the reconstruction of Lisbon, in terms of urban planning and building techniques are
covered in this context.
In Chapter 4, an overview of legislation regarding the protection of cultural heritage, and building
codes related with seismic protection in Portugal is presented, through the analysis of relevant laws
and codes. This is followed by the definition of the seismic risk, according to the hazard, vulnerability
and exposure parameters. The ongoing studies and projects for the protection of Lisbon’s cultural
heritage against a future earthquake are given, depending on the information obtained from public
bodies.
In Chapter 5, the protection of the buildings in the Downtown -known as Baixa and Chiado by the
locals- is discussed, with an overview of the legal framework. Problems faced by the buildings are
examined through observations, and intervention techniques employed in strengthening and seismic
improvement works are presented through five case studies. Their positive and negative aspects are
discussed in terms of intrusiveness.
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In Chapter 6, İstanbul is introduced in many aspects, mainly focusing on the historic center, the socalled Historic Peninsula. As in Lisbon, the geology, urban development, past earthquakes and
seismic risk is explained through literature review and recent reports. The ongoing studies and
projects for the protection of the cultural heritage against a future earthquake are given; with a
criticism on the urban renewal projects that ignore authenticity and intangible values. A comparison
between Lisbon and İstanbul is made, which reveals that neither city is adequately prepared for the
next seismic event expected in the near future.
Finally in Chapter 7, conclusive remarks are drawn and proposals for a satisfactory seismic risk
mitigation strategy concerning the cultural heritage are made for both cities. Suggestions for future
research on the subject are also pointed out.
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2.

THE CITY OF LISBON

Lisbon is the capital of Portugal, and is located almost at the westernmost tip of Continental Europe.
The city is situated where the Tagus -the longest river in the Iberian Peninsula- flows into the Atlantic
Ocean (Figure 1a). As Rome and Istanbul, the historic centre of Lisbon is also said to have built on
seven hills; and it is these hills and valleys together with the river, that creates an outstanding décor
for the built environment (Figure 1b).

Atlantic Ocean

(a)

(b)

Figure 1a - The setting (a) and general view (b) of Lisbon

2.1 Geology
The geographic situation of the area that Lisbon occupies today was very different from what it was,
when the urban nucleus began to grow in the 8th century BCE. Two streams, one flowing from the
north down the valley that is today Avenida da Liberdade and another from the east which is Avenida
Almirante Reis, met at the present day Rossio Square and formed a large inlet that flowed into the
Tagus (Figure 2) (Salgado and Lourenço, 2006).
The inlet was successively silted up by sands lodged by the river current, through constant collapse of
the slopes, due to the action of rain, or by slight earth movements (Mascarenhas, 1996a). Thus, the
geology of Downtown Lisbon today, is mainly composed of landfill (recent) and alluvium (Holocene);
with the resistant stratum occurring between 10-25 m deep (Miocene) as shown in Figure 3 (Mateus,
2005).
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Figure 2 – Reconstitution of the antique coastline of Lisbon

Figure 3 – Geological sections of the city centre
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2.2 Urban History
Being situated on the mouth of the Tagus, Lisbon always provided a strategic and favourable place to
settle throughout time. The climate was mild; the river was navigable; and there was abundant fish,
fresh water and arable soil. The defense of the site also required little effort, due to the existence of
steep slopes of the hill where the Castle of S. Jorge stands today (Mascarenhas, 1996a).
Phoenicians, who were great navigators, are accepted generally as the first to settle, presumably at
the southern part of the Castelo Hill, around 8th century BCE. According to a legend, they called the
city as Alis Ubbo meaning “Safe Harbour” or “Pleasant Bay” in their language. The first Jews are also
considered to arrive with the Phoenicians; and further arrival of the Celts, led to Celtic-speaking tribes
in the region. The ancient Greeks are also known to have settled at the mouth of the Tagus, if only for
a relatively short time, due to their conflicts with the Carthaginians, who held the control of the region
and who had greater power at the time.
The city was known as Olissipo during Roman era, and was one of the important municipios of the
region known as Lusitania. It was situated between the Castle Hill and today’s Downtown, surrounded
by walls, composed of insulas of buildings of several floors; with the coastal areas being still mostly
submerged by the Tagus at the time. The Romans provided the city with many monuments, such as a
theater, a cemetery, baths, temples, etc., most of whose remains were discovered during the
reconstruction works after the earthquake in 1755. During the last years of the empire, Olissipo was
amongst the first cities to convert to Christianity, whose bishop was invited to the Council of Niceia,
held in 325.
During the late 4th and 5th centuries, due to the decline of the empire, the region was looted many
times by the Goths, Vandals and Alanis. The city walls, known as Cerca Velha, began to be built
during this period (Salgado and Lourenço, 2006); however they could not suffice to resist the invasion
by the Visigoths, who conquered the city and called it Ulishbona. During this troubled time, the city
although losing its political ties with the new Byzantine capital in Constantinopolis, nevertheless
maintained its commercial links.
However, extended periods of instability turned the former city to little more than a village at the
beginning of the 8th century, when the Arab troops led by Tariq ibn-Ziyad took over control in the
Iberian Peninsula, which led to a 400 year Islamic civilization in the region that constantly changed
hands. With the Islamic rule, al-Ushbuna was once again a major administrative and commercial
centre, becoming one of the largest cities in Europe, with an estimated population of 100.000
inhabitants in the 10th century. Al-Ushbuna was renovated and rebuilt during this time: a fortified castle
on top of the hill (alcácer), a citadel (which later became S. Jorge Castle), a palace for the governor
(alcáçova), and a large mosque were all built to turn the city to a lively urban centre (almedina). The
Alfama district grew next to the urban core, and Almada was founded on the southern bank of the
Tagus to protect the city.
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During the beginning of the 12th century, the city was once again subject to a number of sieges, and
finally conquered in 1147 by the first king of Portugal, King Afonso Henriques, with the help of
Crusaders. The main mosque of the city was transformed to a cathedral (Sé Cathedral); and a new
market was established by the king to recover the commercial activity. A crusader of this time, wrote in
a letter that, the city had spread outside its walls in many places already at this time, including the
Baixa2 (Salgado and Lourenço, 2006).
Following the prosperity and the increased security in the city, King Afonso III moved the capital to its
final destination in Lisbon, in 1256. During this period, the limits accentuated by the city walls became
even more obsolete. The nature of building form and construction was determined by the abundance
of local calcareous materials and clay, and the lack of forests around Lisbon (Mascarenhas, 1996a).
Towards the end of the 13th century, the constant growth of urbanized areas continued, largely as a
result of the foundation of convents and monasteries. Today’s Chiado and Rossio were such
accomplishments, of which the latter became the new main square of the city’s life (Salgado and
Lourenço, 2006).
Towards the end of the 14th century, a new city wall, the so-called Cerca Fernandina was built, which
took in the previously mentioned urban perimeter, transforming the Baixa into the central position
between the two hills (Salgado and Lourenço, 2006). In the Baixa, all types of commercial activity
could be found, with the streets named after the masters’ professions: Rua do Ouro (Goldsmiths
Street), R. da Prata (Silver Jewellers St.), R. dos Fanqueiros (Textile Merchants St.), R. dos
Sapateiros (Shoemakers St.), etc. The aristocracy, attracted by the court, held bureaucratic positions
and built large palaces. However, the most important social class in Lisbon was that of the
bourgeoisie; and strengthened further after the Revolution at the end of the 14th century, they built
their palaces in the neighbourhood of Santos-o-Velho, a little west to the centre. Other
accomplishments of the period were the University in Alfama, the Carmo Church, and some of the first
residential buildings in Europe comprising of several floors. However, the city consisted of narrow and
tortuous streets; drainage systems were poor; and living conditions were unhealthy and unhygienic
(Mascarenhas, 1996a). Lisbon was a city growing rapidly and out of control.
The 15th century, dominated by long sea voyages and discoveries, proved to be a great prosperity for
Lisbon. The king left the medieaval castle on the hill and installed his court near the river: the Paço da
Ribeira (Riverside Palace). The city port was modernized in order to accommodate the Royal Palace
and the customs services, thus concentrating the city centre in this area (Mascarenhas, 1996a). This
new complex gave rise to the name Terreiro do Paço (Palace Courtyard), thus to the new square,
which since became the centre of political power (Salgado and Lourenço, 2006).
During the first half of the 16th century, Portugal begun to amass a vast empire and the bourgeoisie,
wealthy due to commercial development, started to build extensively. The city began enlarging rapidly
2

Baixa means Downtown in Portuguese and is largely associated with the rebuilt area after the 1755 Earthquake.
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and the fields that surrounded it soon became new districts. The second half of the 16th century,
brought certain disapointments such as the decline of trade, the foundation and repugnant acts of the
Inquisition, and the invasion of Portugal by Spain which transformed it to a simple province
(Mascarenhas, 1996a).
After restoring the independence in 1640 and by making successful political decisions, King D. João
IV reorganized the economy and Lisbon acquired a new look with the construction of many new
buildings (Mascarenhas, 1996a). But this period was also dominated by strict Catholic orders and a
considerable number of monasteries were founded, in addition to those already existing. The political
climate was becoming more conservative and authoritarian and was deeply affected by the Inquisition.
The oldest map of the city, drawn by João Nunes Tinoco in 1650, shows a part of the urban area
which remains inside the Cerca Fernandina at this time Figure 4. The organic street pattern,
composed of narrow roads of the Castelo Hill, Baixa and Chiado can be perfectly observed in the
map. That of the Bairro Alto on the left, rests on a grid plan with a regular scheme.

Figure 4 – Lisbon map by João Nunes Tinoco, dated 1650
In the first part of the 18th century, Portugal was ruled by D. João V who built monuments and palaces,
funded by gold from Brazil, such as the Mafra Convent on the outskirts of the city or the National
Pantheon (Fonseca, 2004). Extensive renovations were carried out at the Royal Palace and numerous
aristocratic palaces were built. The Aqueduct of Aguas Livres was also accomplished during this time.
On the other hand, the greater part of the population lived in poverty. Thus visitors saw two different
faces of the city: one with natural beauty, of wealth and grandiose structures; and another which was
filthy, degraded and full of superstition and idolatry (Fuchs, 2005).
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On November 1st 1755, Lisbon was destroyed with one of the greatest earthquakes of all known
history, together with the south of Portugal and Spain and north of Morocco. This, although causing
great damage to the built environment and a high number of casualties, nevertheless created unique
conditions to resolve the everlasting disorder of the city centre and to transform it to a rationalized
urban fabric, affected by the ideas of the Enlightenment that allured whole Europe at the time.
Reconstruction works in the city centre continued for almost a century due to difficulties in funding; yet,
the outskirts extended even more during the first decade after the event, to provide the population with
the housing it needed at an incomparably fast pace (Salgado and Lourenço, 2006).
Between 1806-1812 Lisbon was once more invaded, this time by the French. Brazil’s independence in
1822, caused further economic instability during the first quarter of the 19th century. The city lost its
former importance; poverty and unemployment increased. After 1830s, the population stabilized at
around 200.000 inhabitants (Mascarenhas, 1996a); and by the opening of the Ring Road (1850s)
accompanied by the Avenida da Liberdade (1879-1882), the limits of the city were determined for until
recently (Salgado and Lourenço, 2006).
By the end of the 19th century, a slow and weak industrialization started to take shape in Lisbon,
bringing with it tens of thousands of workers, leading to new neighbourhoods on the outskirts of the
city. However the living conditions were inadequate and overlooked by the upper classes, which led to
a huge social gap manifested by strikes and revolts. Thus the First Republic was proclaimed in 1910,
bringing social improvements to the workers. The building of the city’s first social quarter, the Arco do
Cego district at the end of the 1920s, can be mentioned in this context. It included several housing
solutions and in the centre a large amenity was designed (Salgado and Lourenço, 2006).
With the abolition of the First Republic in 1926 and the foundation of an authoritarian new state in
1933, a French urbanist, Donat-Alfred Agache, was charged to study the riverside area with a view of
expanding the city westward. Further, with the 1938-1943 Urbanization Master Plan, Lisbon’s new
limits were established, transforming the formal rural lands to built up areas. Quarters of social
housing, large urban amenities and a woodland park were all projected for the expropriated areas,
promoted by the state and motivated by the will to make a “city” (Salgado and Lourenço, 2006).
Unfortunately, the heart of the city, Chiado, was wounded greatly by the fire on August 25, 1988. It
started in a shop, on a pedestrianized street of the district, which made it difficult for fire engines to
intervene; resulting in a loss of important architectural heritage. The rebuilding project by Alvaro Siza
Vieira, kept most of the façades, while completely renovating the interior of the buildings.
From the 1980s onwards, the long riverfront has been one of Lisbon’s most debated themes. With the
opportunity offered by the 1998 Lisbon World Exposition (Expo ’98), the former industrial and port area
on the east was integrated with the rest of the city by both new transport infrastructure and large
amenities and assuring a new centrality for the near future (Salgado and Lourenço, 2006).
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Today, Lisbon is the most populated city of Portugal, holding more than 550.000 inhabitants in the
municipal area, which excludes those that live outside the urbanized zone (Figure 5) (Soares, 2004).
However, due to its geographic limitations, the boundaries are narrowly defined around the centre;
being surrounded by several other cities.

Figure 5 – General view of Lisbon, from the Tagus River

2.3 Historical Seismicity
Although offering an almost excellent habitat, Lisbon is also situated on one of the most seismically
hazardous locations in Portugal, known to have suffered from severe earthquakes throughout history.
There are accounts of seismic events, starting from 60 BCE; however, most of these are poorly
documented, occurring as brief notes written on diaries or journals (Dias, 2005).
Continental Portugal and hence Lisbon, is affected by both interplate (far-field), and intraplate (nearfield) seismic actions, as can be observed in Figure 6. The first group is associated with the boundary
between the Euro-Asian and African plates; whose epicentres are all near the Gorringe Bank, which is
located of about 200 km from Cape St. Vincent, on the southwest tip of Portugal (shown in a red circle
on Figure 7).
This tectonic source generates actions with large return periods, however with great magnitudes. The
earthquakes that occurred in 1356, 1755 and 1969 were associated with this source, the first two
being accompanied by large tsunamis and causing serious damages. In fact it seems that the 1356
earthquake had a similar magnitude and destruction level to those of the 1755 earthquake3 (Dias,
2005).
The 1969 earthquake, that occurred on February 28th, with a magnitude around 7.5 caused only slight
damage to Lisbon, although having felt strongly (SPES). The effects were mostly concentrated at the
south of Portugal, namely in the Algarve region.

3

As the 1755 Earthquake is studied in detail in further chapters, it is only mentioned here in order to present the chronological
sequence.
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Figure 6 – Estimated epicentres of earthquakes that affected Portugal between 33 BCE - 1909
The second tectonic source that affects Lisbon and its vicinity, is that of the Lower Valley of the Tagus
River (shown in a blue circle on Figure 7); which generates earthquakes with lower magnitudes but
also with lower return periods. The most damaging earthquakes associated with this source are those
that occurred in 1344, 1531 and 1909 (SPES). The first, although not well documented, seems to have
caused important damage in the city, such as causing the collapse of the lantern tower of the Sé
Cathedral which fell on and ruined the presbytery (Dias, 2005).
The 1531 earthquake is reported as being disastrous, destroying a high percentage of the houses, as
well as resulting in a great number of casualties. In fact, there have been successive earthquakes,
starting from the 7th to the 26th of January, with the strongest ones occurring on the night of the 26th.
According to contemporary authors, Rua dos Fornos where most of the houses collapsed, and Rua
Nova where the balconies fell, were greatly destroyed; part of the Paço da Riberia had serious
damage; the Sé Cathedral and the Carmo Convent were cracked; the Tower of Belém and Jeronimos
Monastery, as well, had cracks on all sides (Dias, 2005).
The 1909 earthquake with an estimated magnitude of 6.0-7.0, although not affecting Lisbon greatly,
caused total destruction of the town of Benavente, some 40 km to the northeast of the city (SPES).
There was only one house without any need for repair, 20% of the houses stayed habitable with
rehabilitation works, 40% was not habitable, and another 40% was totally destroyed. Many of the
monuments suffered great damages as well (MNB, 2009).
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3.

THE 1755 LISBON EARTHQUAKE

The 1755 Lisbon Earthquake, with an estimated magnitude of Mw ≈ 8.5, was -and still is- one of the
greatest earthquakes in history; and is regarded as the first modern disaster and a benchmark for the
crucial change in the cultural and social perceptions of natural catastrophes (Almeida, 2005). This can
be associated with the magnitude of the event, accompanied by a tsunami and fire; the large area it
affected both physically and intellectually; and the “revolutionary” emergency and recovery actions
taken afterwards.
The earthquake caused considerable damage not only in Lisbon and its surroundings, but also in the
south of Portugal and Spain (Figure 7), as well as the north of Africa. The shocks were felt in a vast
region including Switzerland, Finland and Sweden; and the tsunami reached Britain, the Netherlands,
and as far as the coasts of Brazil (Oliveira, 2005).

Figure 7 – Isoseismal map of the 1755 Lisbon Earthquake
The Algarve region in the south of Portugal, and mainly its west part, was the most to suffer, as
damage was described as total in many towns. Boliqueime was one of these, which was built on
another site after the event. In Lagos, Vilanova de Portimao, Silves, Vila do Bispo, Faro and Albufeira
many buildings collapsed, including cathedrals, churches, convents and houses. In Spain, the damage
was mostly around the Gulf of Cadiz and was due to the tsunami, as it swept away the curious people,
converged on the beaches. The cities on Morocco’s Atlantic coast, along with Fez and Meknes in the
interior, was severely damaged (Fonseca, 2004).
Erasmus Mundus Programme
ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS

13

1755 LISBON ERTHQUAKE AND PROTECTION OF CULTURAL HERITAGE FROM FUTURE EARTHQUAKES
WITH A COMPARATIVE STUDY ABOUT EARTHQUAKES AND RISK PREPAREDNESS IN İSTANBUL

The earthquake created great discussions regarding their causes, whether being acts of God out of
fury towards sins of man; or being related simply with natural events. Many notable philosophers and
writers of the Enlightenment, such as Voltaire and J. J. Rousseau, contributed to these disputes as
well.
As a result, the incident gave rise to the birth of modern seismology, which until then used to explain
earthquakes as being caused by the escape of subterranean winds driven by fire inside the earth,
following the ideas of Aristotle from the 4th century BC. Thus, English physicist John Michell made the
first clear description of seismic ground motion in 1760 by the following words (Fonseca, 2004):
“The motion of the earth in earthquakes is partly tremulous, and partly propagated by waves
which succeed one another sometimes at larger and sometimes at smaller distances; and
4
this latter motion is generally propagated much farther than the former. ”

3.1 Description
The earthquake occurred on November 1st, on All Saints Day, which was one of the most important
Catholic festivals and also the judgement day of the Inquisition. Therefore at around 9:40 am, when
the ground started to shake violently, the churches were crowded to their capacities, resulting in a high
number of casualties.
Three phases were distinguished, whose total duration was about 9 minutes. The first one lasted
approximately 1.5 minutes and wasn’t very powerful. After about a minute, the second one started and
lasted for 2.5 minutes; which caused most of the damages. After another minute, the third and the
most violent shake started, with a duration of 3 minutes. Although it is difficult to establish the direction
of the movements, it seems possible to suggest the direction of the second shake being southwestnortheast, since the streets in the Baixa with this orientation did not suffer much, “buttressing” each
other (Oliveira, 2005).
Shortly after the earthquake, the tsunami arrived and increased the number of victims, who were
gathered on the banks of the Tagus seeking for refuge. The captain of an English ship that was
anchored in the river wrote (Fonseca, 2004):
“Whilst the multitude was gathered near the river side, the water rose to such a height that it
overcame and overflow’d the lower part of the city... The boatmen in their boats, as they
were tossed on land by the sudden rise of the water, jumped on shore to save themselves,
and immediately their boats were carried away by the retiring sea, which ebb’d and flow’d, in
four or five minutes...5”

4

J. Michell, “Essay on the Causes of the Phenomena of Earthquakes”, Philosophical Transactions of the Royal Society, Vol. 51
(2), 1760, pp. 566-634.
5
J. Nozes, “O Terramoto de 1755: Testemunhos Britânicos, Ed. Lisóptima/The British Historical Society of Portugal, Lisbon,
1990.
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Still, the catastrophe was to be followed by a great fire, taking the lives of the many injured that were
trapped in the rubble and at the same time consuming almost everything in the richest and liveliest
part of the city (Figure 8).

Figure 8 – Engraving depicting the 1755 earthquake and the subsequent tsunami and fire
During the following hours, days and months, the aftershocks, some of which had considerable
magnitude themselves, would add to the great damage the city already suffered. 28 aftershocks would
be felt in the first eight days; 250 in the first six months; and 500 until September 1756. The sea would
not return to its regular course until the 10th or the 12th day after the earthquake; and the fire would
last for several days (Oliveira, 2005).

3.2 Damages
The earthquake and the following tsunami and fire caused great damage in both monuments and
ordinary / residential buildings of Lisbon, along with taking the lives of the many. Buildings which could
resist to the earthquake itself, was either “swallowed up” by the waters of the Tagus, as in the case of
the Stone Quay that had been recently built on the orders of D. João V; or was “consumed” by the
flames as in the case of Casa India (Fonseca, 2004).
In fact, many buildings that were slightly or moderately damaged by the earthquake, were ruined by
the fire that destroyed their inner structure. Thus, the fire caused irrecoverable damage to the city,
comparable in extent, and maybe even more destructive than the seismic shocks themselves. The
collapsed buildings, obstructing the streets and exposing many flammable objects, helped spreading
the fire as well as multiplying the number of casualties (Oliveira, 2005).
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3.2.1 Monuments
From a generic point of view, it is possible to say that, most of the monumental constructions at the
time of the earthquake were built with thick masonry walls of stone, and timber floors. The roofs were
either of timber or had stone vaults. Spans and openings were generally small; however, in case of
larger ones, stone arches and vaults, with intermediate columns were employed. Apart from these
common features, individual characteristics were as follows (Oliveira, 2005):
-

Churches generally had great dimensions and predominance over one direction. They also had
bell towers with up to 20-30 m of height, either on the façade or on the sides.

-

Convents and monasteries were placed around a courtyard, up to three floors; with the first floor
almost always supported with columns and arcades facing the courtyard.

-

Palaces comprised of several floors and had large openings.

-

Hospitals were smaller than palaces; with a structural arrangement between those and convents.

-

Chapels had smaller dimensions and thick walls without openings, with a very heavy and rigid
structure.

There were also military fortifications, towers, bridges and aqueducts, representing both similarities but
at the same time different architectural and structural arrangements; hence different behaviours
against seismic actions.
However, as explained before, it was not the earthquake alone, but also the fire that increased the
extent of damage. Thus, the major impacts were in the densely urbanized city centre, which contained
landmarks, significant art works and libraries. The Royal Palace by the river (Paço da Ribeira), the
Royal Mint, the Arsenal, the Customs House, the Church of Inquisition, the Patriarchal Church (Figure
9a), together with the Royal Library founded by D. João V and the Royal Opera House (Figure 9b) that
was only finished the previous month were destroyed either by the earthquake or by the flames
(Dynes, 2003).

(a)

(b)

Figure 9 – Engravings depicting the Patriarchal Palace (a) and
Casa de Opera (b) after the 1755 earthquake
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At the time of the earthquake, Lisbon comprised of 43 parishes. França6 (1978) concludes that of the
40 parish churches, less than 10 continued to be usable and 20 were completely destroyed. 10
convents out of 75 could resist the shocks; and 33 palaces were ruined (Oliveira, 2005).
Pereira de Sousa (1909) was able to track down the destroyed buildings and make a classification
depending on the extent of the damage, after an exhaustive study of the surveys made after the
earthquake (see Section 3.4). He included 150 monuments, and categorized them as (Figure 10):
i. Buildings which could resist to the 1755 Earthquake or had very little damage;
ii. Buildings which could largely resist to the referred earthquake;
iii. Buildings which were totally or mostly destroyed.

Figure 10 – Map showing the damaged monuments in Lisbon, by Pereira de Sousa
A recent study led by Lisbon Civil Protection, Instituto Superior Técnico (Technical University of
Lisbon) and Faculty of Sciences of Lisbon University aims at having a deeper understanding of the
damages occurred in monumental buildings after the earthquake (San-Payo et. al., 2005). The study
follows mostly Sousa’s work, but incorporates new technologies such as a GIS database including
information on the construction type and history of the buildings and local geology. The damages are
classified in five groups in this work, being: No damage, Slight cracking, Important cracking, Partial
collapse and Total collapse.
6

J. A. França, “A Reconstrução de Lisboa e a Arquitectura Pombalina”, Instituto de Cultura Portuguesa, Lisboa.
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Figure 11 summarizes the results of this study, classified according to building typology and the extent
of damage. It can be clearly seen that, buildings of great dimensions such as churches, convents,
palaces and hospitals suffered more and severe damages compared to smaller churches (chapels). A
fact that can be explained by resonance, that is the amplification of the effects of the earthquake,
when the predominant frequencies of the seismic shocks being similar to that of the buildings
(Oliveira, 2005).

Figure 11 – Damage statistics in monumental buildings of Lisbon after the 1755 Earthquake

3.2.2 Residential Buildings
Ordinary residential buildings before the earthquake were arranged in blocks separated by narrow
streets and many dead-ends, with a labyrinthine layout (see Figure 4). The same organic pattern can
still be seen today in the Alfama district around the castle.
The buildings themselves were generally of stone masonry, up to five storeys high; with thick walls
and little openings. Floors and staircases were of timber and it was very common to have projecting
floors over the ground level (Figure 12) (Oliveira, 2005).

Figure 12 – 17th century house at Rua dos Cegos, n.º 20 - 22
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According to the testimonies of the period, the damages in houses were quite similar to those
observed after the

two earthquakes in Azores, in 1980 and 1998: exterior masonry walls fell

outwards; however, buildings with an inner structure of timber and nogging withstood the shocks
(Oliveira, 2005). As Moreira de Mendonça7, a staff member of the National Archives of the Torre do
Tombo at the time of the event reported: “less than a third of the houses remained habitable, the
earthquake having destroyed a tenth of them” (Fonseca, 2004).
In the Baixa, many houses behaved well against the seismic action by supporting each other, although
founded on alluvial soil. But the following fire, by destroying their inner structure of timber, caused the
generalized destruction of this zone as depicted in an engraving in Figure 8 (Oliveira, 2005).

3.3 Emergency Response
Dynes (2003) suggests that the 1755 Lisbon Earthquake was the first modern disaster in which the
state accepted the responsibility for mobilizing an emergency response. His idea is confirmed by
Mendonça’s following words: “His Majesty, assisted by the Secretary of State Sebastião José de
Carvalho e Melo, took the necessary measures to help, relieve and safeguard the people. Everything
was wise solutions, correct actions and blessed laws” (Fonseca, 2004).
In fact, when studying the aftermath of the earthquake, Sebastião Jose de Carvalho e Melo, later to
become Marquês de Pombal8, stands out as a distinct and rather heroic but also quite daring figure.
He was serving as the Minister of Department of Foreign Affairs and War at the time of the
earthquake, and after the event, King José I gave Marquês de Pombal total responsibility for dealing
with the emergency response. When the Prime Minister died a few months later, he assumed his
position and almost a complete power, with the indifference of the king in state matters (Dynes, 2003).
The emergency response, which can be accepted as the genesis of modern crisis management, was
extremely complex for its time (Almeida, 2005). The operation was launched despite the lack of sociopolitical experience in dealing with such an unprecedented disaster and the absence of any previous
emergency planning (Pedrosa and Richards, 2005).
Marquês de Pombal’s priorities were to bury the dead in the face of threatening epidemics and to take
care of the living by means of food and shelter. For the disposal of bodies, he proposed to collect the
dead on barges and sink them out in the Tagus. This, together with the help of the fire that lasted for
days and cremated the corpses, prevented the outbreak of plague and an otherwise inevitable
increase in the number of casualties.
7

J. J. Moreira de Mendonça, “História Universal dos Terramotos que tem havido no Mundo, de que há Noticia, desde a sua
Creaçáo até o Século Presente, com huma Narraçam Individual do Terramoto do Primeiro de Novembro de 1755, e Notícia
Verdadeira dos seus Effeitos em Lisboa, todo Portugal, Algarves, e mais partes da Europa, Africa, e America, aonde se
estendeu, e huma Dissertação Phisica sobre as Causas Geraes dos Terramotos, seus Effeitos, Differencas e Prognosticos, e
as Particulares do Ultimo”, Oficina de António Vicente da Silva, Lisboa, 1758.
8
Despite being made Marquês de Pombal only in 1770, since he is generally referred to with this name in studies related with
the 1755 Lisbon Earthquake, this denomination was also maintained for the current work.
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On the day of the catastrophe, instructions were given to distribute food. During the following days, the
military provided transportation for produce from the outside and the price of food was controlled.
Fishing was encouraged; and some taxes were suspended if the fish was sold in the impacted area
(Dynes, 2003).
The construction of shelters for the homeless was another priority, since it was the end of autumn and
the weather conditions were harsh. Many farms located on the outskirts of Lisbon became populated
by people living first in tents made of canvas and sail-cloth, and later in wooden huts (Pedrosa and
Richards, 2005). People of mechanical trades and workmen who had fled were returned to the city, to
work at the constructions, and were ordered not to receive a greater wage than normal (Fonseca,
2004).
With the collapse of some of the prisons and the criminals unleashed, security became an issue.
There was a wave of robberies and lootings, which induced an increased fear on the already terrified
survivors. On November 4th, only three days after the earthquake, a royal decree was published,
foreseeing a verbal trial and a summary execution for whoever was caught in the act of such crimes
(Fonseca, 2004).
As after a modern disaster, international aid was received from foreign countries: Britain sent food and
supplies, and Germany provided timber. A generous gift in cash from the Queen of Spain was
welcomed, as well as others from Brazil, Italy, France, Sweden and the Netherlands (Almeida, 2005).

3.4 The Marquês de Pombal Survey
A great achievement of Marquês de Pombal was to send surveys, to be answered by priests all over
the country, which contributed immensely to an objective analysis of the disaster. Besides allowing for
a statistical study of the loss and contributing to the understanding of a natural event which was
vulnerable to be explained in a religious manner at the time of the earthquake, the answers kept at the
National Archives also helped Pereira de Sousa and his followers to identify the extent of the damage
caused to the built environment by the disaster (see Figure 10).
The questions were as follows (Fonseca, 2004):
1. At what time did the earthquake begin on November 1st, and how long did it last?
2. Did you perceive the shock to be greater from one direction than another? Ex.
From north to south or on the contrary, if more buildings seemed to fall to one side
or to another?
3. How many buildings were ruined in each parish, if any notable buildings were
among them, and in what state did they remain?
4. How many people died, were any of them distinguished?
5. Did you notice what happened to the sea, to fountains and to rivers?
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6. Did the sea rise or fall first, any how many hands did it rise above normal, how
many times did you notice the extraordinary rise or fall, and did you notice how
long it took to fall and rise?
7. Did any fissures appear in the earth, what did you notice about them, and did
any new spring appear?
8. What measures were immediately taken in each place by the priests, the army,
and by ministers?
9. What earthquakes have occurred again after 1 November, when and what
damage did they cause?
10. Have there been any other earthquakes in living memory and what damage did
they cause?
11. How many people live in each parish, and declare, as far as possible, how
many of each sex are there?
12. Has there been any shortage of food?
13. If fire broke out, how long did it last, and what damage did it cause?
It is perfectly clear that the 1st, 2nd, 5th, 6th and 7th questions establish the scientific base to the event;
the 3rd, 9th, 10th and 13th provide the necessary information for the damage assessment; the 4th and
11th concentrate on the human tragedy and demographical distribution; and finally 8th and 12th are
oriented towards understanding if the disaster is handled as carefully and satisfactorily in the rest of
the country, as in the capital.

3.5 Reconstruction of the City
As mentioned before, the earthquake provoked debates within the intelligentsia of the period. Amongst
these, J. J. Rousseau’s9 interpretation of the extent of damage in Lisbon is quite interesting. The
following excerpt, from a letter by the author to another notable Enlightenment writer-philosopher,
Voltaire, can be accepted as the earliest mention of the concept of vulnerability of building stock
(Fonseca, 2004):
“We must agree, for example, that nature did not gather [in Lisbon] twenty thousand houses
of six or seven floors, and if the inhabitants of that great city had spread out more and built
smaller houses, much less damage would have been done, maybe none at all.”

Rousseau’s insight was unquestionably right, since the Downtown was the most damaged part of
Lisbon and presumably the most damaged of all towns, taking into account the number of victims and
buildings that have suffered. Thus, it was now time to reconstruct the former splendor of the city, in a
manner “worthy” to the Age of Enlightenment.
9

J. J. Rousseau, “Lettre sur la Providence”, 1756.
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3.5.1 Urban Planning
Manuel de Maia -a military engineer of the time- was appointed to devise solutions for the
reconstruction of Lisbon Downtown. He proposed five alternatives in his Dissertation10, taking into
consideration the advantages and the disadvantages of each one. The first proposal was to
reconstruct the city in its previous location, keeping its previous characteristics. This would prevent
discontent among the proprietors; however in the case of a future earthquake, would prove deficient.
The second alternative, which was based on the inadequacy of the street network, was to redesign the
streets to make them wider. The third one recommended a limitation in building heights to two storeys
above the ground floor. However, even Maia himself did not believe this to be feasible or realistic. The
fourth proposal consisted of razing all downtown and using the rubble to level the area, laying out new
streets without restraints, and limiting building heights so that they would never exceed the width of
the streets. The fifth and the most prudent alternative, was to rebuild Lisbon on a new site near Belém,
a little to the west of the city (Fonseca, 2004).
The king decided on the fourth proposal and a number of teams started to work on the new design of
the Downtown, covering today’s Baixa and Chiado. Eventually, Captain Eugénio dos Santos’ plan was
chosen, which consisted of an orthogonal system of streets that ran parallel and perpendicular to the
Tagus. Two large squares were also envisaged, one by the river: Praça do Comércio, and another on
the same axis but inland: Praça do Rossio (Figure 13).

Figure 13 – Eugénio dos Santos’ plan regarding the reconstruction of the Downtown of Lisbon

10

M. Maia, “Dissertação”, transcribed in J. A. França, “Lisboa Pombalina e o Illuminismo”, Ed. Bertrand, Lisbon, 1987.
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Some of the principles adopted to ensure safety in terms of urban planning was: applying symmetry
and simplicity; orienting building blocks mostly perpendicular to the river which appeared to be the
main direction of the movements during the earthquake; imposing neighbouring buildings to have the
same height and to construct thick masonry walls in between to prevent fire spreading from one to the
other; and placing water pumps next to parish churches for fighting fires (Mascarenhas, 1996a).
The constructive unit of the Downtown was the quarteirão, i.e. the building block, which on average
consisted of 8 lots. Two principal types of blocks, with different plan schemes and dimensions, were
employed in the design, separated from each other by Rua da Conceição (Figure 14) (Silva, 2007).

Figure 14 – The two principal building block types found in the Baixa

3.5.2 The Gaiola Pombalina
The structural system, referred to as Gaiola Pombalina, i.e. the Pombaline “Cage”, which was adopted
for the reconstruction of the buildings in the Downtown and which is seen as an invention of the
period, was in fact already in use before the earthquake. However, the genious was to turn this
technique into a systematic procedure and to employ it as an answer to the necessity of large scale
and rapid construction, which can be regarded as an early example of prefabrication process.
The buildings originally had five floors, including the ground floor and the attic, in accordance with the
previously established obligation regarding building heights. The ground floors were mostly used for
commercial purposes; and from the 1st floor up, were generally habitational units (Silva, 2005).
Figure 15 shows a typical Gaiola building and some of the carpentry joints. The foundations were built
on a timber structure, composed of a double beam system placed in a grid, which in turn rested on
wooden piles, of around 15 cm diameter and less than 1.5 m length. The members were attached with
thick iron nails; and the members were protected from deteriorating with the absence of light or air,
below the water table (Mascarenhas, 1996b). This system, rather than attempting to transfer the loads
to a more resistant stratum which lay quite deep, aimed at compacting the soil and withstanding
settlements during construction (Cardoso, et. al., 2005).
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Figure 15 – The sructure of a Gaiola building
The ground floors and all the exterior walls were of masonry joined with hydraulic lime mortar, with the
walls’ thickness between 90 - 110 cm, reducing gradually upwards. The external walls were connected
transversally on the ground floor with secondary ones of 50 - 70 cm thickness (Silva, 2005), or by
piers linked with arches and vaults (Figure 16). The use of masonry was a measure taken against fire,
which could start from the ground floors that had commercial uses, thus were more vulnerable; or
could spread between neighbouring buildings in the presence of wooden elements (Mascarenhas,
1996b).

Figure 16 – Ground floor of a Gaiola building, Rua Ivens
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From the first floor upwards, the Gaiola structure mounted inside the building, which consisted of an
interlocked, three-dimensional wooden “trellis” (see Figure 15). The structural walls, named as frontals
(Figure 17a), were made up of horizontal, vertical and diagonal timber elements (St. Andrew’s
crosses) connected with fine carpentry (Figure 18). The spaces in between elements were filled with
stones, bricks and/or tiles joined together with also hydraulic lime mortar; and the wall was plastered
on both sides. The wooden partition walls, named as tabiques, were not part of the structural scheme,
but served to further divide the spaces (Figure 17a). They were made by nailing planks onto the struts
(vertically or diagonally), and covering these with lath-and-plaster.

(a)

(b)

Figure 17a, b - The structure of a neighbouring tabique (a) and a frontal (b) wall,
Rua do Comércio, n.º 23-31

Figure 18 – Carpentry joints used in a frontal wall, Rua do Comércio, n.º 23-31
The floors were made of timber joists, usually extending between the external walls and resting on
transverse beams. The connections were reinforced with iron straps (Figure 19) and the structure was
covered with pine boards in the transverse direction. The ceilings were cladded in a local manner
called saia e camisa (a term used to describe overlapping boards) or with lath-and-plaster (Figure 20)
(Mascarenhas, 1996b).
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Figure 19 – Iron elements used to strengthen the connections

Figure 20 – Floor structure with lath-and-plaster ceiling, Rua dos Douradores, n.º 6-10
The plan was generally divided into three sections parallel to the façades with frontal walls, and with
further divisions in tabiques. The staircase, mostly placed in the central axis, was also surrounded by
the frontals, increasing the stability of the structure against torsion; and only in the ground floor, it was
built with masonry to prevent fire from spreading (Mascarenhas, 1996a).
Thus, the Gaiola structure granted buildings with enough strength and energy dissipation capacity,
necessary to resist seismic actions, without suffering considerable damage or collapse. The
connections with the exterior masonry walls also provided bracing for the latter and thus prevented
excessive horizontal out-of-plane displacements.
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4.

PROTECTING

LISBON’S

ARCHITECTURAL

HERITAGE

AGAINST

EARTQUAKES
4.1 Legislation Regarding the Protection of Cultural Heritage in Portugal11
The Portuguese system of cultural heritage protection was born by the Royal Decree of August 20th
1721, by King D. João V, which was addressed to the Royal Academy of History, and which forbade
“any people from any country, quality or condition, to demolish or destroy any building (or any statue
and marble or stone pieces) totally or partially, that belongs to old times, even if they are partially
ruined” (Figure 21).

Figure 21– Royal Decree by King D. João V on the protection of historic buildings
The beginning of modern conservation policy in Portugal, however, may be accepted to have started
in the first half of the 20th century, when the General Directorate for National Monuments and Historic
Buildings (DGEMN) was founded in 1929. Later in 1932, the Ministry of Education established the
Higher Council of Fine Arts and published standards on Fine Arts and archaeology, together with the
protection and conservation of monuments.
In 1949, the Presidency of the Republic declared the rules on the protection and conservation of all
elements or settings of archaeological, historical, artistic or landscape value. The classification of
movable and immovable cultural heritage of public interest was further designated by the law.
11

This section is largely cited from the website of former Portuguese Institute of Architectural Heritage (IPPAR) and related
laws.
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In 1970, the establishment of Dependent Administrative Units was accepted by the Presidency of the
Townships. In 1972, UNESCO published the “Convention Concerning the Protection of the World
Cultural and Natural Heritage (World Heritage Convention)”; in 1974, European Commission set out
the “Recommendations Concerning the Protection of the Architectural and Natural Heritage”; and
shortly after, in 1975, “European Charter of the Architectural Heritage” was proclaimed by the latter
organization.
Thus, as a response to the progress in the international arena, the Constitution (1976) of the newly
founded Portuguese democracy stated in its Article 78 that: “it is the responsibility of the State, in
collaboration with all the stakeholders, to promote the preservation and enhancement of the cultural
heritage, making it a vital element of the common cultural identity". In 1985 “Basic Law on the Cultural
Heritage of Portugal” came into force; and further advances were made throughout the 1980s and
1990s.
In 1996, the Ministry of Culture was restructured and its “Organic Law” was approved. The Portuguese
Institute of Architectural Heritage (IPPAR) and its counterpart on Archaeology (IPA), together with
other sub-organizations were founded; each of their missions and responsibilities defined by further
laws in the following years.
In 2001, the Basic Law12 still in force became operative. According to this law, immovable cultural
heritage is categorized as being a “monument”, “ensemble” or “site” following the international
standards. The protection is either through “classification” or “inventory”.
Classification system is in three forms13, regardless of being movable or immovable. Thus any good is
considered to be of:
-

National Interest when the protection and enhancement in whole or part, represents a value of
national importance;

-

Public Interest when the protection and enhancement in whole or part, also represents a value of
national importance; but does not warrant the degree of protection pertaining to goods classified
as being of national interest;

-

Municipal Interest when their total or partial protection and enhancement constitute a cultural
value of predominantly municipal importance.

It is not allowed to perform any intervention work, on the inside or the outside of a classified
monument, ensemble or site; or change its use if it is likely to affect it in whole or in part, without
having the authorization of the responsible organ, being the central government or the municipal
administration.

12
13

th

Law n.º 107 / 2001, put into force on September 8 , 2001.
Any heritage that is part of the World Heritage List, is accepted as being of National Interest as well.
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In 2006, within the framework of the “State’s Central Administration Restructuring Programme
(PRACE)”, the Organic Law of the Ministry of Culture was once more changed in order to transfer
powers to a more local/regional level than a central one.
Thus, the “Regional Directorate(s) of Culture (DRC)14” are currently the departments responsible for
the cultural heritage in their territorial circumscription, articulating with the central organs of the
Ministry of Culture. Their principal tasks are:
-

Creating the necessary conditions to access cultural assets;

-

Monitoring structures financed by the Ministry of Culture;

-

Taking part in the actions related with the safeguarding, enhancement and dissemination of the
architectural and archaeological heritage;

-

Proposing to IGESPAR (see below), the regional plan of priority interventions, annual and
perennial programs and projects, related with the study, safeguarding, conservation and
restoration of the architectural and archaeological heritage;

-

Submitting for approval to IGESPAR the licensing projects of the classified buildings and sites15.

Two central organs were also formed within the new arrangement. The first is the “Institute for the
Management of Architectonic and Archaeologic Heritage (IGESPAR)”, which was created by merging
the previous IPPAR with IPA, and incorporating part of the responsibilities of the former DGEMN. It’s
main tasks are:
-

Proposing standards and technical guidelines for the protection, conservation and enhancement of
classified buildings and sites;

-

Pronouncing and authorizing all projects (maintenance, rehabilitation, restoration), operations and
plans (urbanisation plans, implementation plans, etc.) concerning classified buildings and sites;

-

Providing technical support for the conservation projects executed by other entities;

-

Proposing for classification and inventory, cultural assets of national and public interest and
establishing specially protected areas;

-

Authorizing, accompanying and technically supervising the realisation of archaeological works.

The “National Council of Culture”, on the other hand, is an advisory body, whose mission is to express
opinions and recommendations on cultural matters and propose measures when necessary, at the
request of the respective ministry or the services/organs of the Ministry of Culture.

14

Currently there are five DRCs responsible for continental Portugal: the North, the Centre, Lisbon and the Tagus Valley,
Alentejo and Algarve.
15
Both DRCs and IGESPAR are responsible also for buildings and sites that are in the process of classification or that are
located in the protection zones.
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4.2 Overview of Building Codes Related with Seismic Protection in Portugal
According to Ferry Borges16, due to building provisions introduced after the 1755 Earthquake, Lisbon
is the first city in the world to have a code for seismic-resistant design construction (Paz, 1994).
However, because the return period is very large, man’s memories and thus consciousness towards
seismic risk diluted and the Gaiola concept degenerated eventually, to give way to first the lower
quality gaioleiro, and then reinforced concrete.
After the 1909 Benavente Earthquake, and with the development of seismology and structural
engineering, some Portuguese seismologists and engineers conducted studies about the 1755
Earthquake. Further in 1955, for the 200th commemoration of the event, a “Symposium on Seismic
Actions” was held to debate measures and actions that should be adopted to reduce the effects of
earthquakes. The main conclusions of the symposium (Ordem dos Engenheiros, 1955) were
(Azevedo, 2005):
-

Important Portuguese regions present high seismicity;

-

A seismic code related with seismic resistant structures needs to be urgently adopted;

-

To diminish the effects of earthquakes it is necessary to take care of civil defense issues: first aid
actions, fire defense and safety of transportation and supply systems;

-

In situ and laboratory experimental studies are needed to clarify the behaviour of structures and
contribute to code improvement and updating.

Following the symposium some actions were taken, namely the introduction of code provisions for
seismic design in 1958 (Regulamento de Segurança das Construções contra os Sismos); which were
to be substituted and complemented by others in time (Azevedo, 2005).
The latest of these codes, Regulamento de Segurança e Acções para Estrutturas de Edificios e
Pontes (RSA, 1983), is intended mostly towards new buildings and defines the general criteria for
safety evaluation and gives a list of forces and actions affecting structural design such as self-weight,
wind, rain and snow, seismic actions, etc.
The code provides two methods of analysis for earthquake resistant design, which are essentially
linear elastic. However, behaviour coefficients designated as q-factors, which depend on the type of
the structure and its ductility characteristics can be applied for different kinds of materials:
-

Static Lateral Force Method is more suitable for structures with regular plan and elevation (taking
into account stiffness and mass distribution when defining regularity); whereas,

-

Dynamic Method takes into account the higher modes and thus provides a better estimation of the
problem when significant irregularities exist.

16

nd

Borges, F. J. (1960). Portuguese Studies on Earthquake Resistant Structures, in Proceedings of the 2 World Conference on
Earthquake Engineering, Tokyo, Japan.
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As Portugal is a member state of the European Union, it is bound to employ only the Eurocodes,
including the “Eurocode 8: Design of Structures for Earthquake Resistance: General Rules, Seismic
Actions and Rules for Buildings (EN 1998-1)” starting from 2010. However, as certain characteristics
and values are “locality-dependent” such as return periods, soil types, etc., each state is capable of
providing national annexes related with these issues. Yet, as the title suggests, EN 1998-1 applies
only to the “design” and “construction” of buildings and civil engineering works in seismic regions.
Although a further part of Eurocode 8, the EN 1998-3 contains provisions for the seismic assessment
and retrofitting of existing buildings, its inadequacy when dealing with monuments and historic
buildings is declared in Section 1.1 by the following statements:
(4) This standard covers the seismic assessment and retrofitting of buildings made
of the more commonly used structural materials: concrete, steel, and masonry.
(5) Although the provisions of this standard are applicable to all categories of
buildings, the seismic assessment and retrofitting of monuments and historical
buildings often requires different types of provisions and approaches, depending
on the nature of the monuments.
(6) Since existing structures:
(i) reflect the state of knowledge at the time of their construction,
(ii) possibly contain hidden gross errors,
(iii) may have been submitted to previous earthquakes or other accidental
actions with unknown effects,
structural evaluation and possible structural intervention are typically subjected to a
different degree of uncertainty (level of knowledge) than the design of new
structures. Different sets of material and structural safety factors are therefore
required, as well as different analysis procedures, depending on the completeness
and reliability of the information available.
Thus, additional criteria are introduced, such as the “Knowledge Level (KL)” which is related with the
available information on the geometry, the details and the materials, and which determines the
admissible method of analysis and the related confidence factor (Section 3.3).
The annex related with masonry structures, suggests both linear (static or multi-modal) and non-linear
(static or dynamic) methods for analysing seismic action effects, each of their applications further
explained (Section C.3).
Intervention techniques are generic in character and some are inappropriate for monuments and
historic buildings, due to their high-intrusiveness and in most cases irreversibility. Injecting
cementitious grouts into cracks and rubble cores; inserting concrete beams and vertical ribs; placing
concrete overlays and jacketing on floors and walls are amongst such methods.
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However, as it is emphasized from the beginning that it is not intended to be used for monuments and
historical buildings, EN 1998-3 can be accepted as an honest and preliminary contribution towards
analysing and intervening such structures.

4.3 Seismic Risk in Lisbon
Seismic risk represents the losses that will be endured by a certain element, as a result of future
earthquakes, as well as the probability of their occurrence for a certain period (Carvalho, 2001). It is
based on three factors, being:
-

Hazard, which in this case, is the occurrence of an earthquake affecting Lisbon, and is defined by
two parameters: magnitude and return period;

-

Vulnerability, which is the potential of the built environment to sustain loss due to the probable
earthquake, thus the seismic behaviour of traditional masonry or mixed structures particular to
Lisbon; and,

-

Exposure which is the ensemble of the assets at risk due to the earthquake, thus the monuments
and other historic buildings in Lisbon Downtown.

4.3.1 Hazard
The Regulamento de Segurança e Acções para Estruturas de Edificios e Pontes (RSA, 1983) defines
four seismic zones in Portugal, depending on the historic seismicty of each one and based on the
expected level of maximum peak ground accelerations (PGA). These are denominated as A-D in
decreasing order of seismic intensity, where Lisbon is situated in Zone A, together with the south of
the country, and also including the Azores Islands (Figure 22).

Figure 22– Seismic zones in continental Portugal
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A more recent study, named “Mitigation of the Seismic Risk in Portugal (launched in 1999)” and
carried out by the Laboratório Nacional de Engenharia Civil (LNEC), presents two different envelopes
of the response spectra depending on the two earthquake generating mechanisms for a recurrence
interval of 975 years. These are then used to define the seismic zones in a more detailed manner,
where Lisbon is placed in both cases in Zone B, with an expected “maximum spectral acceleration” of
~500 cm/s2 for the intraplate; and ~350 cm/s2 for the interplates seismic actions as shown in Figure 23
(Carvalho, 2001).

Figure 23 - Envelopes of the response spectra for 975 years of recurrence interval
divided into four seismic zones
Thus, it is obvious that Lisbon is situated at an unfavourable location for both types of seismic actions;
where a considerable spectral acceleration is inevitable. As this is also related with soil type and as
Lisbon Downtown is mainly situated on landfill and alluvial soil (see Section 2.1), the hazard is
amplified, so as the seismic risk.
For Lisbon, an additional natural hazard triggered with interplates seismic events is the generation of
tsunami, as the city is located next to the Atlantic Ocean. Fires are yet a further issue, which are
known to have been highly destructive in the 1755 Earthquake as well.
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4.3.2 Vulnerability
Figure 24 shows the evolution of the construction typologies of Lisbon buildings throughout the last
millennium. As and when the size of the buildings increased, the materials used evolved from timber
to masonry and, in the last century, to reinforced concrete (Silva, 2001).

Figure 24 - Evolution of the common construction procedures used in Lisbon buildings.
1,2 - Prior to 1755; 3 - Pombaline; 4 - Gaioleiro;
5 - Masonry walls with reinforced concrete floors (Placa); 6 and 7 - Reinforced concrete17
Buildings prior to 1755 that could survive until our day are mainly located in the Alfama, Castelo and
Bairro Alto districts and are generally of monumental character. Therefore, since they are maintained
better than ordinary buildings, they are thought to behave satisfactorily in an earthquake apart from
localized damages, such as the collapse of bell towers or arcades (Appleton, 2001).
Pombaline buildings are mainly concentrated in the Downtown, but can also be seen in other districts.
Their behaviour depends on the level of maintenance and whether they have been subject to
expansions and/or alterations regarding their structural arrangements. Those which keep their original
“gaiola” structure are expected to withstand seismic shocks (Appleton, 2001). However, only if
necessary measures against fire have been taken.
Gaioleiro buildings are scattered all over the city, and were built between 1870-1930, when the
memory and the destruction of the 1755 Earthquake was forgotten. Thus the Pombaline system was
degenerated by “being constructed without the proper elements and connections and with
unseasoned wood” (Azevedo, 2005). These constitute the main concerns regarding a future
earthquake, since they mostly present significant deterioration, either caused from their very
construction, from lack of adequate maintenance or from inappropriate alterations (Appleton, 2001).

17

As the current study is focused on monuments and historic buildings, Placa and reinforced concrete structures are not taken
into consideration.
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4.3.3 Exposure
According to the Portuguese National Institute of Statistics (INE), there were around 57000 masonry
and reinforced concrete buildings in Lisbon in 1991, distributed by the six existing typologies referred
to in Section 4.3.2 (Figure 25) (Silva, 2001). Half of these structures were of the pre-Pombaline,
Pombaline or Gaioleiro types; of which the first is represented by relatively less examples, the second
constitutes the whole Baixa and Chiado and also occurs in some other

districts, and the third

corresponds to the wider group of buildings scattered all over the city and concentrated on the new
districts (Appleton, 2001).

Figure 25 - Distribution of the buildings in Lisbon according to the main structural typologies
Thus, when correlated with their expected seismic behaviour, it seems that the greatest problem is
associated with the Gaioleiro buildings which occupy a significant portion of the built environment, in
terms of historic buildings. The Pombaline Downtown, on the other hand, presents another challenge,
since it displays a dense urban fabric with poor maintenance and high level of alterations.

4.4 Studies / Projects on Protecting Lisbon Historic Centre against
Earthquakes
As the occurrence of large earthquakes in continental Portugal is relatively infrequent, the national
authorities appear to have a lack of concern on the subject; and it seems that no serious provisions
are made, particularly regarding the monuments and historic buildings in Lisbon. The ongoing studies
are mainly focused on identifying the seismic risk and planning for the post-disaster emergency
actions, concentrating mainly on civil protection and the continuation/recovery of lifelines,
transportation, and vital structures such as hospitals, fire stations, etc.
However, experts in the field -restoration architects, structural engineers- are rightfully worried that,
when the next earthquake strikes Lisbon, not only a significant part of the cultural and architectural
heritage will be lost forever, but also the essence and spirit that constitutes the city will be hurt, as
after World War II, when many European historic city centers were severely destroyed, traumatizing
the citizens.
There are many studies carried out by such experts, either on a large scale concerned with the whole
city center or a part of it (as in a building block); or focusing on individual buildings, whether of
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monumental or modest character. Still it is important that the decision makers become aware of the
severity of the subject and take the necessary initiatives, before it is too late.

4.4.1 The Emergency Plan for Seismic Risk (PERS)
The study is carried out by the Portuguese National Civil Protection (ANPC) and covers the Lisbon
Metropolitan Area. First steps were taken in 1992-93, which consisted of characterizing the seismic
risk and preparing geological and geotechnical maps. The latest version of the plan is dated 2003 and
is a conceptual and organizational framework, describing the emergency actions to be taken by the
municipal units, in case of an earthquake striking the city. The main objectives of the plan are to:
-

Provide the conditions/means to minimize the damaging consequences of the disaster, in terms of
both citizens and public/private properties or the environment;

-

Develop a level of preparedness for emergencies, both regarding individuals/families and
public/private entities, especially for the first 72 hours;

-

Promote mitigation strategies to ensure the survival and functioning of critical infrastructure, both
to reduce damages and to support rescue operations;

A simulator was also built for the two possible earthquake sources (see Section 4.3.1) to define the
zones that may require priority intervention; to estimate the human and material resources to allocate
to these zones; and to establish and prioritize actions for disaster relief. Thus, the Lisbon Downtown
and the area along the Tagus River was defined as the “Red Zone” (Figure 26), where concentrated
damages are to be expected.

Figure 26 - Critical areas due to seismic risk in Lisbon
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The “Red Zone” classification also involved the tsunami and fire risks, which are mainly related with
the coastal areas that are densely urbanized. In fact, these risks can be mostly associated with the
Downtown, which lies as a flat valley between two hills and which is an ensemble of historic buildings
including an abundance of timber elements and sometimes defective installations. There are some
ongoing studies related with protection against tsunami and fire, in cooperation with universities and
research institutes; but it is not possible to say that any solid measures have been adopted yet.

4.4.2 LESSLOSS Project
LESSLOSS18 is a European integrated project, focused on risk mitigation for earthquakes and
landslides, carried out between 2004 - 2007, with the participation of 46 partners from 13 member
states. From Portugal Laboratório Nacional de Engenharia Civil (LNEC), Faculty of Engineering of
Porto University (FEUP), Instituto Superior Técnico (IST) and STAP (a structural engineering

company focused on rehabilitation works) took part in one/more of the 13 subprojects, of
which the following include chapters regarding historic centers and buildings:
-

SP 5: In-situ assessment, monitoring and typification

-

SP 7: Techniques and methods for vulnerability reduction

-

SP 10: Earthquake disaster scenario predictions and loss modelling for urban areas

Thus a comprehensive study of reports and presentations is accumulated, through the research of
different partners, that will help understanding the behaviour of historic structures and the
methodology that can be adopted for safeguarding them.

4.4.3 1755 Earthquake Geographic Database (BDG1755)
A study was initiated by Lisbon Civil Protection in 2005, in collaboration with Universidade Nova de
Lisboa and Instituto Superior Técnico, to develop a GIS database, related with the 1755 Earthquake.
The database includes the administrative divisions of the city at the time of the event, the location of a
set of monumental buildings, their construction dates and typologies, and the description of the
damages they suffered. It also contains information on topography, surface geology, borehole data
and soil predominant frequencies (San-Payo et. al., 2005).
The main purpose for the implementation of the database is to set up the geographic data necessary
for performing a geoprocessing analysis, in order to estimate the correlations between the damages
caused by the 1755 earthquake and the site conditions in Lisbon (San-Payo et. al., 2005). Thus it will
be possible to define the areas/buildings presenting a higher risk and to determine future actions, with
a focus on historic buildings (although some of them do not exist today).

18

Detailed information is presented on the project website at <http://www.lessloss.org/>
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4.4.4 Public Awareness
There are many programs carried out by Lisbon Civil Protection on creating public awareness about
earthquakes; however they are mainly focused on emergency issues during and after an earthquake,
and making the children and elderly more conscious and capable about the subject.
Although not having a direct relationship with the protection of historic buildings against seismic
events, it is possible to assume that these programs, with a simultaneous and long-term education on
the importance of the cultural heritage, will eventually help upbringing a society that is more aware and
will provoke the responsible authorities to take serious actions in this field.
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5.

PRESERVING THE BAIXA POMBALINA

The Lisbon Downtown -or the Baixa as the locals refer and neighbouring Chiado - which has been
totally rebuilt after the 1755 Earthquake, is the first and maybe the only seismic-resistant urban
planning and construction model, applied on such a large scale (Figure 27). Although there have been
significant changes in the buildings during the 200 years following their construction, they mostly
sustain the mutual characteristics of the 18th century; however, sometimes hidden under heavy and
incompatible interventions, both architectural and structural. Still the Downtown deserves to be
handed to future generations as a manifestation of human achievement against a natural hazard.

Figure 27 – General view of Baixa and Chiado today

5.1 Legal Framework
The first legal measures regarding the protection of the Baixa Pombalina was introduced in 1949 by
the municipality, to control the adulterations occurring in the buildings. However, these standards were
very permissive in character and allowed up to six floors in buildings, as well as an array of
interventions without any discernment on materials. The application of these, brought the extensive
use of concrete and the construction of “false-Pombaline” buildings with inner concrete structures and
Pombaline façades (Mateus, 2005).
During the 1960s and the following decades, Baixa continued its decline and lost its importance as the
city centre gradually, despite the will to preserve its character as a cultural heritage. Although the
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Chiado fire in 1988 and the renewal of the damaged area arose some new interest to safeguard the
historic houses, lack of strategy and planning led to the development of new urban zones, that Baixa
could not compete with (Mateus, 2005).
With the development of the Strategic Plan in 1992 and the preliminary studies towards a Master Plan,
the limits of the historic centre was extended, taking into account different morphologies, thus resulting
in different intervention policies. Historic neighbourhoods were generally considered as residential
areas except the Baixa, which due to its “rationality, urban quality and functional characteristics” was
destined to be functioned mostly commercially and as offices (80%). The remaining 20% was to be
used residentially, however including accommodation facilities (Mateus, 2005).
Currently, according to the Planta de Classificação do Espaço Urbano (Classification Plan of the
Urban Space), management of the Downtown falls into two different categories as shown in Figure 28.

Figure 28 – Classification of Lisbon Downtown according to the
Planta de Classificação do Espaço Urbano
-

Área Histórica da Baixa (Baixa Historic Area) corresponds to the limits classified in 1978, as
Immovable Cultural Heritage of Public Interest (IIP), including the São Nicolau and Madalena
parishes (red in Figure 28). Since it is a classified area, the management responsibility is shared
with IGESPAR. Until the development of the Municipal Regulations or an Implementation Plan,
licensing works in this area are limited to “upgrading, restoration and conservation, or alterations
aimed at restoring the former characteristics of the buildings, not including demolition of the
structural elements, walls and roofs, or opening of basements”. Since the area is included in the
Cerca Fernandina, it is also a “1st Degree Archaeological Site” and any underground work must be
accompanied by expert reports (Mateus, 2005).
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-

Área Histórica Habitacional (Residential Historic Area) corresponds to the remaining area
including the parishes of Santa Justa, Mártires, Sacramento, Encarnação and São Paulo (blue in
Figure 28). The responsibility is again shared with IGESPAR, since the area is in the process of
classification. Licencing projects have more flexible rules such as “permitting demolition and new
construction, or alterations and extensions to buildings” in case the urban character is preserved.
It is also regarded as a “Potentially 1st or 2nd Degree Archaeological Site” depending on the
location (Mateus, 2005).

Baixa is also included in the “Tentative List” of UNESCO’s World Heritage since 2004, which is an
inventory of the properties that each State Party intends to consider for nomination during the
following years. However, due to “the absence of institutional framework, or systematically and
coherently published and publicised opinion”, the inclusion in the World Heritage List seems to be a
distant goal.

5.2 Problems Faced by the Pombaline Buildings in Lisbon Downtown Today
Today, Pombaline buildings in the Lisbon Downtown has to confront many problems, related both with
the wear and tear over time, and with the amnesia and/or ignorance of Man. In fact, problems
associated with the first group can mostly be managed with more ease; whereas the latter needs
radical solutions that should address not only the professionals working in the field, but also central
and local governments, together with the public.
The most important problem is the abandoning of buildings, thus leaving them devoid of maintenance
and susceptible to weather conditions (Figure 29a). In this case, the roof mostly deteriorates easily
and the damage proceeds to the lower levels with time (Figure 29b). Timber elements of the Gaiola
structure start to rot (Figure 30), leading to an almost irreversible process of degeneration and even to
collapse.

(a)

(b)

Figure 29 - Abandoned buildings in the Baixa;
Rua do Corpo Santo, n.º 6-12 (a) and Rua do Comércio n.º 1-13 (b)
Erasmus Mundus Programme
ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS

41

1755 LISBON ERTHQUAKE AND PROTECTION OF CULTURAL HERITAGE FROM FUTURE EARTHQUAKES
WITH A COMPARATIVE STUDY ABOUT EARTHQUAKES AND RISK PREPAREDNESS IN İSTANBUL

(a)

(b)

Figure 30 - Damage in timber elements in Pombaline buildings
Rua da Conceição, n.º 28-34 (a) and Rua do Comércio n.º 23-31 (b)
Another important challenge is the economic pressure upon buildings, due to the area’s central
position in the city and imposed by the aforementioned regulations (functioning more than 80% of the
buildings with commercial activities, including hotels). In order to refunction the buildings to
accommodate new facilities, extensive transformations are made both structurally and architecturally.
Addition of new floors (Figure 31a) and basements; alterations to the structure of mostly in the ground
floors to obtain wide spaces; and implementation of exaggerated and out-of-character decoration
schemes (Figure 31b) are most common practices.

(a)

(b)

Figure 31 – Rua da Prata, n.º 49-55 (a) and Rua dos Douradores, n.º 16 (b)
Although very seldom, new buildings incompatible with the historic fabric can be observed, which is
also a result of economic pressure related with the real-estate value of the area. Such an example is
located on Rua do Alecrim, distributed on a very large plot which is predominating over the authentic
fabric with its exaggerated dimensions (Figure 32).
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Figure 32 - New commercial and residential complex on Rua do Alecrim
A further issue is the implementation of highly intrusive and usually irreversible strengthening
schemes, to overcome the risk and fear imposed by a future 1755-like event. Introduction of excessive
steel and reinforced concrete elements, overlays with cementitious materials, and use of FRP’s alter
the authentic structural arrangement and hide forever the original elements (see Section 5.3.2).

5.3 Strengthening and Seismic Improvement of Pombaline Buildings
There has been a growing interest in historic city centres after World War II, since these constituted
not only an aesthetic décor for urban landscape, but also acted as a tool that defined national identity.
This accelerated since the 1970s, starting with the European Charter of the Architectural Heritage in
1975, which was also celebrated as the “European Architectural Heritage Year”.
Since then, the importance of preserving ordinary historic buildings in city centres -besides
monuments- has been conceived better, also because this heritage presented an “economic value
which could be used to save community resources19”.
Thus, urban regeneration projects received much acceptance; however sometimes leading to an
equally undesirable result of “gentrification”, or creation of an “artificial stage for touristic activity”,
mostly accompanied by highly-intrusive or even destructive interventions to historic buildings so as to
adapt them to the new functions of “modern living” requested by the new users.
In the case of Lisbon Downtown, this has been relatively less extensive until recently, due to the
development of new urban nuclei around the centre; but resulted in lack of maintenance and
accordingly in damage and decay. The absence of a solid planning tool was also responsible for not
taking any serious steps towards conservation.

19

Article 3 of the “European Charter of the Architectural Heritage”, adopted by the Council of Europe, in October 1975.
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5.3.1 Concepts
The Lisbon Downtown which was submitted to the Tentative List of UNESCO’s World Heritage, covers
roughly an area of 23.5 hectares, and comprises 62 blocks and 430 building lots (UNESCO).
However, since the area still lacks a Conservation Plan or any Guidelines regarding rehabilitation or
strengthening works, it may be advisable to define the criteria for these studies, based on the
internationally accepted documents, like charters, recommendations, guidelines, etc.
Thus the following sections on required methodology; diagnosis and safety evaluation; intervention
philosophy; and intervention strategies and techniques when dealing with Pombaline buildings are
selectively extracted from such documents, emphasizing on seismic improvement. However, a
comparative and critical approach was adopted, supported with studies of Portuguese authors in order
to compass the intrinsic characteristics of the area in question.

5.3.1.1 Methodology
The “Recommendations for the Analysis, Conservation and Structural Restoration of Architectural
Heritage” issued by ISCARSAH20 first in 2001, aims at defining an appropriate methodology in this
field, which is beyond the limits of legal codes and standards, that are mostly created with modern
buildings in mind. In the first part of the document, basic criteria that should be adopted when treating
an architectural heritage, such as the Pombaline buildings in the focus of the current study. Thus:
(1.1) Conservation, reinforcement and restoration of architectural heritage requires
a multi-disciplinary approach.
(1.6) The peculiarity of heritage structures, with their complex history, requires the
organisation of studies and analysis in steps that are similar to those used in
medicine. Anamnesis, diagnosis, therapy and controls corresponds respectively to
the condition survey, identification of the causes of damage and decay, choice of
the remedial measures, and control of the efficiency of the interventions. To be
both cost effective and ensure minimum impact on the architectural heritage it is
often appropriate to repeat these steps in an iterative process.

5.3.1.2 Diagnosis and Safety Evaluation
Diagnosis and safety evaluation are two consecutive and related stages, that help defining the need
for and extent of interventions to be executed. When these stages are performed incorrectly, the
resulting decisions will be arbitrary. Poor judgement may result in either conservative, and therefore
heavy-handed conservation measures; or conversely, inadequate safety levels (ISCARSAH, 2005).

20

“International Scientific Committee for Analysis and Restoration of Structures of Architectural Heritage (ISCARSAH) is one of
the scientific committees founded by ICOMOS (International Council on Monuments and Sites).
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Applying the building codes that are mostly directed towards new constructions, for the safety
assessment of historic buildings is generally inappropriate. This is both due to the highly conservative
character of the codes, and also to the simplifications adopted by the analysis methods that usually
can not represent the actual structural behaviour of an extremely complicated system. Therefore a
more adaptable approach is needed for the safety assessment of historic buildings, where calculations
are supplemented with historical research, observations and experiments.

5.3.1.3 Intervention Philosophy
As cultural heritage buildings are historic evidences no less than works of art, it is mandatory not only
to preserve their façades as elements of urban space, but also their inner architectural and structural
arrangements for they present age-old construction technologies. The ISCARSAH Recommendations
gives the following principles on the decision of interventions (among others):
(1.5) Any intervention to an historic structure must be considered within the context
of the restoration and conservation of the whole building.
(1.7) No action should be undertaken without ascertaining the likely benefit and
harm to the architectural heritage. (…)
(3.5) Each intervention should be in proportion to the safety objectives, keeping
intervention to the minimum necessary to guarantee safety and durability and with
the least damage to heritage values.
(3.6) The design of any intervention should be based on a full understanding of the
kinds of action (forces, accelerations, deformations etc) that have caused damage
or decay and of those that will act in the future.
(3.7) The choice between “traditional” and “innovative” techniques should be
determined on a case-by-case basis with preference given to those that are least
invasive and most compatible with heritage values, consistent with the need for
safety and durability.
(3.9) Where possible, any measures adopted should be reversible to allow their
removal and replacement with more suitable measures if new knowledge is
acquired. Where they are not completely reversible, interventions should not
compromise later interventions.
(3.10) The characteristics of materials used in restoration work (in particular new
materials) and their compatibility with existing materials should be fully established.
This must include long-term effects, so that undesirable side effects are avoided.
Another document specifically on the earthquake protection of historic structures is the “Guidelines for
Evaluation and Mitigation of Seismic Risk to Cultural Heritage (2007)” of Italian origin. The guideline
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rightfully accepts from the beginning that “if there is a wish to save a highly esteemed heritage, it
should be done by means of ‘intelligent’ and ‘sensitive’ seismic ‘improvements’ that comply with a
reasonable ‘equivalent safety’. Otherwise, even the best intentions and the modern official technical
specifications for seismic strengthening to historic buildings would lead to the destruction or a great
distortion of the cultural heritage”. The term “seismic improvement” in the document, is intended to
imply the interventions that provide a building greater safety with respect to earthquakes, although the
level of protection may not necessarily be equal to that required for new constructions.
Thus, following these guidelines and the fundamental documents on conservation and restoration
(such as the Venice Charter, 1964; UNESCO World Heritage Convention, 1972; etc.), one can
conclude for the Pombaline buildings that any intervention should:
-

be preceded by an exhaustive diagnostic process regarding the building’s history; characteristics
(architectural, material and structural); alterations, damages and deteriorations; etc., in order to be
fully aware of the problem and to be able to propose adequate strategies, in a case-by-case basis;

-

be minimum necessary to ensure acceptable safety levels, however, not trying to fulfill the ones
that are demanded for new constructions; since this will result in highly invasive measures, that
will disturb dramatically the authenticity of the fabric; and,

-

be evaluated and justified in terms of efficacy, compatibility, durability, reversibility, and efficiency;
since the fabric to be dealt with presents an utmost importance, being the first anti-seismic, largescale urban planning design.

5.3.1.4 Intervention Strategies and Techniques
The “Guidelines for the Seismic Rehabilitation of Buildings” issued by the US Federal Emergency
Management Agency (FEMA), defines the possible intervention strategies in seven subtitles. Silva
(2007), follows this classification and evaluates each of them in respect to Pombaline buildings. The
allowable strategies defined by FEMA (1997) are as follows:
1.

Local Modification of Components: When buildings have substantial strength and stiffness;
however, some of their components do not have adequate strength, toughness, or deformation
capacity, it is possible to perform local modifications in order to improve their seismic behaviour.
These may include improvement of component connectivity, strength and/or deformation
capacity; and provide an economical solution without affecting the overall response of the
structure (FEMA, 1997). According to Silva (2007), in historic buildings, and in particular in
Pombaline structures, this strategy proves to be the most efficient.

2.

Removal or Lessening of Existing Irregularities and Discontinuities: When after a structural
analysis, stiffness, mass and/or strength irregularities are detected, removal of the irregularity
may be sufficient to improve seismic behaviour. However, this is mostly an inappropriate
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intervention for historic buildings, which should be studied thoroughly (FEMA, 1997). In the case
of Pombaline structures, this may include the elimination of additional storeys or a correction of
other alterations in the interior such as new floors or elevator shafts of concrete (Silva, 2007).
3.

Global Structural Stiffening: When critical components and elements do not have adequate
ductility or toughness to resist large lateral deformations, it is possible to improve the seismic
performance by a global stiffening of the structure (FEMA, 1997). In Pombaline buildings, this can
be achieved by stiffening floors or “frontal” walls, or by introducing new walls. Strengthening of
connections between different components and principal walls by connectors will also prove
adequate (Silva, 2007). However, these should never reach such an extent that the authenticity is
compromised.

4.

Global Structural Strengthening: When a building does not have adequate strength to resist
lateral forces and exhibit inelastic behaviour at very low levels of ground shaking, it is possible to
raise the threshold of ground motion at which the onset of damage occurs, by providing
supplemental strength. However, the engineer should be careful when designing such elements,
since they may be significantly stiffer and thus incompatible with the original structure. More
flexible elements on the other hand, may prove inadequate if they do not become effective until
the existing brittle elements have already been damaged (FEMA, 1997). In fact, the material
which constitutes the principal structural element in Pombaline buildings -the “frontal” walls- is a
type of masonry whose quality and resistance is reduced over time. However, many studies show
that strengthening is not always desirable; and it may be even preferable to keep the deformation
capacity of the structure (Silva, 2007).

5.

Mass Reduction: Since the amount of force and deformation induced during ground motion in a
building is directly proportioned with its mass, reduction of mass may be seen as an alternative to
structural strengthening and stiffening. This may be achieved through demolition of additional
stories or later interior partitions, or removal of heavy storage and/or equipment loads (FEMA,
1997). However, the decision of demolition should be based on solid grounds, as later additions
are also part of the history of buildings and in some cases exhibit important artistic features
themselves.

6.

Seismic Isolation: By inserting compliant bearings between the superstructure and its
foundations, most of the deformation induced by ground shaking is transferred to the bearings,
which have been specifically designed to resist these concentrated displacements, and mostly
have good energy dissipation characteristics. This results in a greatly reduced demand on the
existing elements of the superstructure. The technique is most effective for relatively stiff
buildings with low profiles and large mass; and less effective for light, flexible ones (FEMA, 1997).
However, it is a complex and costly procedure, justifiable when there is a great demand for
expected behaviour; thus not very suitable for Pombaline buildings (Silva, 2007).
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7.

Supplemental Energy Dissipation: By employing special devices, it is possible to dissipate the
energy imparted to a structure by ground shaking in a controlled manner, resulting in an overall
reduction in the displacements of the structure itself. The devices should typically undergo
significant deformation which requires that the structure experiences substantial lateral
displacements. Therefore these systems are most effective in structures that are relatively flexible
and have some inelastic deformation capacity. However, in some cases, although displacements
are reduced, forces delivered to the structure may actually be increased (FEMA, 1997).

Utilizing these strategies, Silva (2007) presents the following table (Figure 33), where possible
intervention solutions are given21; and suggests that for historic buildings in general -and Pombaline
buildings in particular- Ist and IInd solutions are conceptually the ideal, and IIIrd and IVth seem to be the
most viable ones. The Vth solution, on the other hand, is very intrusive and thus not suitable for cultural
heritage buildings.
Solution

Advantages

Inconveniencies

Strategy

Recuperation of
authentic
architectural values.
Idem.
Utilization of current
technology.

Disturbance to users and
possible reduction in utilizing the
spaces.

2

Reduction of spaces in the
building.

2 ,5

I

Correction of alterations (later
openings or incompatible
structural elements).

II

Mass reduction through the
elimination of additional floors.

III

Restoring / strengthening the
authentic anti-seismic structure
by eliminating the deteriorated
zones and improving
connections between timber
elements (walls and floors) and
between these and masonry
walls.

Maintaining the
original construction
concept, and thus its
architectural and
heritage value.

Need for specialized “hand labor”
in traditional (carpentry) and
advanced (working with
composite materials) techniques.
Disturbance to users.

1, 3, 7

IV

Improving global resistance
through strengthening with
composite materials, without
changing the geometry of the
walls or increasing the mass.

Improving the global
behaviour by
maintaining the
original construction
concept, and thus its
architectural and
heritage value.

Need for qualified companies
and hand labor in traditional
techniques.
Need for quality control.

4

V

Improving rigidity and global
resistance using independent
structures of reinforced
concrete, through “overlays”
applied on walls or through local
strengthening.

Utilization of current
technology.

Changing the original
construction concept.
Increasing the mass.
Possible need for local
strengthening of the foundations.

3, 4

Figure 33 - Solutions for the structural rehabilitation of historic buildings

21

Since it is not possible or convenient to cover all possible intervention techniques in the scope of the thesis, the author
wishes to acknowledge the following studies -amongst others- for a further description and criticism of the techniques adopted
for the Gaiola buildings:
Appleton, João (2005). Reabilitação de Edifícios Antigos: Patologias e Tecnologias de Intervenção.
(Silva) Cóias, Vítor (2007). Reabilitação Estrutural de Edifícios Antigos: Alvenaria / Madeira.
Santos, S. Pompeu (2003). A Reabilitação Estrutural do Património Construído: Aspectos Básicos.
Lopes, Mario (2008). Sismos e Edificios.
Direcção-Geral dos Edifícios e Monumentos Nacionais (1999). Intervenções em Edifícios Antigos.
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Nevertheless, as pointed out many times earlier, every single case must be evaluated in its own
circumstances; and any rehabilitation and/or seismic improvement work should be carried out
accordingly, since there is no absolute prescription, valid for all situations.

5.3.2 Case Studies
The rehabilitation works in Lisbon Downtown seem to have increased in the last decade, and
advanced even further since the submission to the Tentative List of UNESCO’s World Heritage in
2004. Such efforts seem to be encouraged also by the Municipality, as buildings who have been or will
be rehabilitated are marked with flags, with an implication of Lisbon being improved through these
works (Figure 34).

(a)

(b)

Figure 34 – Flags on buildings to be rehabilitated;
Of an approved project (a) and a submitted project (b)
Thus, besides the previously presented ideal methodology to be adapted when dealing with
Pombaline buildings, a survey was carried out to determine the actual rehabilitation and seismic
upgrading works carried out by structural engineering offices currently in Baixa and Chiado. This was
necessary to establish the link between theory and practice, and to devise solutions when the two did
not coincide.
The following case studies are built after the 1755 Earthquake, in the Gaiola technique (see Section
3.5.2), although they were subjected to alterations and deteriorations in the course of time. Two of
them are located in Baixa (1 and 2), another two in Chiado (3 and 5), and one slightly out of the
classified area, but very near the Rossio Square (5) (Figure 35). The location of the buildings is
important in that, it determines the regulations regarding the extent of interventions applicable for them
(see Section 5.1).
The buildings are at different stages of the rehabilitation process, ranging from condition survey to
execution of interventions, and also including a completed work. Thus they were studied according to
this order, and with a critical perspective on the level of intrusiveness of the projects. The functions
assigned to them upon completion of the works are also different, to study the adaptability of historic
buildings to new uses.
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Figure 35 - Locations of the case studies

5.3.2.1 Rua da Conceição, n.º 28-34
The building is located on one of the main streets of Baixa (Figure 35), that marks the separation of
the two main building block types, where they change direction (Figure 36a). It is composed of six
floors, including the ground floor with a mezzanine (Figure 36b).

(a)

(b)

Figure 36 - Rua da Conceição, n.º 28-34; aerial view (a) and general view (b)
Although built mainly for residential purposes, the building was used for a long time for commercial
activities, including a restaurant in the mezzanine; and a workshop for making shirts on the upper
floors. Therefore many changes occurred, both in its architectural and structural arrangements,
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according to the users’ needs and likings. These include the small alterations in the decoration
program and in the layout (like blocked doors); or the elimination of some original structural walls and
replacing these with wrought iron (Figure 37a) or steel elements (Figure 37b).

(b)
(a)
Figure 37 - Rua da Conceição, n.º 28-34; wrought iron beam (a) and steel column and beam (b)
These changes resulted in structural damages, revealed by irregularities in floors and ceilings, and
cracks on walls (Figure 38a). Starting from the workshop upwards, where the original “frontal” walls
were replaced by a steel structure, there is a big tilt towards the centre of the building. The
deterioration of timber elements is a further problem (Figure 38b).

(a)

(b)

Figure 38 - Rua da Conceição, n.º 28-34; cracks on walls and ceilings (a)
and deteriorated floor beams (b)
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The current works have started recently with the condition survey and investigations to have a deeper
understanding of the architectural and structural elements. These include shallow soundings to
determine the original “frontal” and “tabique” walls and the decoration program. Partial removal of
plasters showed that the building still retains many of its original elements (Figure 39a); and the wall
paintings have been replaced in the course of time (Figure 39b).

(a)

(b)

Figure 39 - Rua da Conceição, n.º 28-34; “frontal” wall (a)
and wall paintings of different periods (b)
The building is to be used for mainly residential purposes after the rehabilitation works; however, the
floor plans are to be changed to offer various typologies (including studios, lofts and duplexes). This
will require a complex readjustment of circulation areas and wet spaces (bathrooms and kitchens);
and together with the inclusion of an elevator shaft, will cause extensive and irreversible alterations to
the original spatial layout which is an important feature of the Gaiola buildings. Furthermore, the
changes in the layout will probably necessitate comprehensive modifications, also in the structural
system and elements.
As Venice Charter (1964) points out, it is always advisable to use historic buildings for a useful
purpose. However, this should not affect the layout or the decoration of the building -to which
structural arrangement may as well be added- to such an extent that the authenticity is lost. Thus,
although the investigation methods are quite advanced, it is unfortunately not possible to make the
same comment for the anticipated interventions.

5.3.2.2 Rua do Comércio, n.º 23-31
The building is located on one of the main streets of Baixa (Figure 35) and very near to Praça do
Comércio (Figure 40a). It is composed of five floors, including the ground floor and the attic with
dormer windows (Figure 40b).
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(a)

(b)

Figure 40 - Rua do Comércio, n.º 23-31; aerial view (a) and general view (b)
Originally, the ground floor was used as shops/workshops and the upper ones had a residential
function. After the removal of the plasters, it was observed that the building was subject to both
architectural and structural alterations during its lifetime. These included opening of new doors on the
“frontal” walls (Figure 41) and incorporating new elements like steel I beams/columns (Figure 41).
Some timber elements of the wall, floor or roof structure were seriously deteriorated (Figure 30b).
However, the building retained many of its original details, such as the elaborately designed carpentry
joints strengthened with large iron nails (Figure 18).

(a)

(b)

Figure 41 - Rua do Comércio, n.º 23-31; a later opening (a) and a steel I beam (b) on the wall
After the ongoing rehabilitation works, the building will be used as the main office for General
Directorate of Taxes (DGCI) in Lisbon. Yet, both the owner and the restoration team appreciate that
this is an exceptional building with history and authenticity. Thus the interventions are kept at an
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optimum level, where the safety is improved considerably, but without much change to the original
architectural and structural arrangements.
In this manner, badly deteriorated timber elements were replaced (Figure 42); and the later openings
were infilled with new “frontal” walls, following the same pattern as the originals (Figure 43a).
Additional beams had to be inserted when there was a concern about the load-bearing capacity of the
original roof and the floors (Figure 43b).

(a)
(b)
Figure 42 - Rua do Comércio, n.º 23-31; new timber elements on “frontal” walls

(a)
(b)
Figure 43 - Rua do Comércio, n.º 23-31; infilling the later openings with new “frontal walls (a)
and additional beams in the roof structure (b)
An innovative technique, used to improve the overall strength, was to introduce steel ties in both
orthogonal directions, crossing all through the building (Figure 43a). These were fixed to the façades
with flexible plates to allow small deformations without damage (Figure 44a); and to the party walls
using a special anchor system, where the body of the anchor is completely covered by a fabric sock
(Figure 44b, c). One drawback of this system is that the grout being of cementitous material, which
may create local stiffness areas and cause salt crystallization problems.
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(b)

(c)
(a)
Figure 44 - Rua do Comércio, n.º 23-31; flexible plate used on the façade (a)
and the anchorage system used on the party walls (b, c)
A similar system of steel plates and anchors were also used to improve the bond of the walls in the
corners (Figure 45a); and to connect the timber beams that were otherwise separated (Figure 45b).
This latter measure was taken in order to ensure the safety of the floors even if the “frontal” walls
collapsed.

(b)
(a)
Figure 45 - Rua do Comércio, n.º 23-31; steel plates to improve the corner bond (a)
and to connect timber beams (b)
The project is based on an understanding shared by the owner and the responsible engineers that
historic buildings can not be treated as modern structures. Thus new solutions are sought for ensuring
a satisfactory safety level while not jeopardizing the building’s authenticity. Therefore, although the
use of cementitious grout is a serious disadvantage, respect for original construction techniques and
materials must be appreciated, as such examples will eventually encourage future works.

5.3.2.3 Rua Vítor Cordon, n.º 11
The building is located in Chiado (Figure 35). It is originally composed of five floors (including the
ground floor); with the top floor being the “águas furtadas” type, with windows on the roof (Figure 46).
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(b)

(a)

(c)

Figure 46 - Rua Vítor Cordon, n.º 11; aerial view (a), front view (b) and rear view (c)
The condition survey showed that the structural elements did not generally present serious problems
affecting the global behaviour. However, there were regions exhibiting a high degree of degradation,
particularly in the floor beams, which were attacked by insects and humidity. Some timber elements of
the staircase and of the “frontal” walls were also damaged.
The building is to be used for residential purposes -divided as flats- following the ongoing rehabilitation
works. Thus, besides minor spatial changes, new staircases and a reinforced concrete elevator shaft
was inserted in the new scheme. The excavation of a new basement for parking was also included in
the project, which resulted in the demolition of the original foundations. The walls of the basement was
built in reinforced concrete and its ceiling was supported by a mixed system of reinforced concrete and
steel profiles (Figure 47a).
Since it was in a bad state of conservation, the roof structure was totally rebuilt, using steel and
timber, and resting on the exterior masonry walls and on metal profiles, as a precaution against
seismic actions (Figure 47b).

(a)

(b)
Figure 47 - Rua Vítor Cordon, n.º 11; new basement (a) and new roof structure (b)
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The strengthening scheme is based on the results of the structural analysis; carried out with Finite
Element Method (FEM), as shown in Figure 48. For the calculation of the forces and safety
assessment, the requirements of the Portuguese Code (RSA, 1983) and Eurocodes 2, 3 and 4 were
adopted; and the serviceability limit state was sought for.

Figure 48 - Finite Element Model of the building
Thus, regions showing high levels of stress are currently being strengthened. This includes concrete
overlays on all the interior faces of the exterior masonry walls, with a steel mesh anchored to the walls;
and the interior faces of the vaults on the ground floor (Figure 49a). The pilasters supporting the
arches in the ground floor are also anchored to the masonry walls to improve the bond (Figure 49b).

(a)

(b)

Figure 49 - Rua Vítor Cordon, n.º 11; vaults of the ground floor (a)
and anchors on the pilaster supporting the arch (b)
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The concrete overlay technique is also applied on the “frontal” walls where necessary, and where new
openings are requested for the planimetric arrangements; this second case requires also the insertion
of a steel beam to provide continuity of the walls (Figure 50a). During execution, when deteriorated
timber elements are detected in the wall structure, they are replaced by new, impregnated timber.
These are also used for the construction of new “frontals” walls, where the voids are filled with tiles
and cement based mortar (Figure 50b).

(b)
(a)
Figure 50 - Rua Vítor Cordon, n.º 11; original and new “frontal” walls (a) and new “frontal” walls (b)
Deteriorated beams of the floor structure are replaced likewise and in order to provide additional
strength, new beams are placed in between the original ones. A steel bracing structure is introduced in
the rear side, where there is a concern of safety because of the high number of openings piercing the
walls (Figure 51a). This is done by steel plates crossing diagonally whose ends are welded to steel
L-profiles on two opposite walls (Figure 51b).

(b)
Figure 51 - Rua Vítor Cordon, n.º 11; steel bracing structure (a) and detail (b)

(a)

The project, based on current codes that are more appropriate for new constructions than historic
buildings, include extensive interventions that hide the original structural elements and details.
Excessive overlays and the inclusion of a basement for parking and an elevator shaft as necessities of
“modern living”, bring further problems in terms of authenticity. Widespread use of cementitious
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materials is yet another controversial issue, being incompatible with the original materials and being
prone to salt crystallization.

5.3.2.4 Rua Jardim do Regedor, n.º 27-35 and Travessa do Forno, n.º 7
The two buildings are located right behind the Rossio Square (Figure 35), very near to the Cerca
Fernandina, which defined the limits of the city until the end of the 18th century. Thus, this district

was not shown in the reconstruction plan by Eugénio dos Santos after the 1755 Earthquake; and
could not be seen in the city maps until 1855.
Therefore it is possible to define the buildings as “Late Pombaline”, showing certain different
characteristics from the earlier examples, such as the façade designs, window typology and rhythm.
Some structural variations also exist, like the substitution of many “frontal” walls with “tabiques” and
the replacement of the ground floor vaults with a timber structure like those of the upper floors.
The main building on Rua Jardim do Regedor, has an L-shaped plan, with a small courtyard in the
centre (Figure 52a) and is composed of seven floors including the ground and the attic (Figure 52b).
The second building on Travessa do Forno, is composed of two floors and suffered many changes,
probably at the end of the 19th or the beginning of the 20th century, when a steel structure was inserted
inside.

(a)

(b)

Figure 52 - Rua Jardim do Regedor, n.º 27-35 and Travessa do Forno, n.º 7;
aerial view (a) and front view (b)
The condition survey showed that, in addition to the structural alterations that the buildings were
subjected to, they were also affected by the infiltration of water that caused detachments of the
revetments (Figure 53a). Furthermore, the introduction of a cementitious floor in the first building,
caused great damage in the timber floor. There were also cracks, related with small settlements
(Figure 53b).
Erasmus Mundus Programme
ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS

59

1755 LISBON ERTHQUAKE AND PROTECTION OF CULTURAL HERITAGE FROM FUTURE EARTHQUAKES
WITH A COMPARATIVE STUDY ABOUT EARTHQUAKES AND RISK PREPAREDNESS IN İSTANBUL

(b)

(a)

Figure 53 - Rua Jardim do Regedor, n.º 27-35; Deteriorated elements (a) and cracks (b)
After the completion of the rehabilitation works, the buildings will be functioned with commercial
purposes in the ground floors and as a hotel in the upper ones. Therefore some changes were
introduced to adapt the buildings to the new functions, both architecturally and structurally. The first
group included the introduction of additional partitions and a higher number of wet spaces (individual
bathrooms for each bedroom), together with new elevator shafts. The inner decoration was also totally
changed with a quite modern concept (Figure 54).

(a)

(b)

Figure 54 - Rua Jardim do Regedor, n.º 27-35 and Travessa do Forno, n.º 7;
Decoration scheme (3D virtual visualization)
The structural solution was based on keeping the “frontal” walls and replacing some of the “tabiques”
with “frontals” in order to provide a better behaviour against seismic actions (Figure 55). Masonry walls
of the ground floor and some “frontals” on the upper floors (mostly those around the staircases and
elevators) were strengthened using concrete overlays (of 6 and 3 cm thickness respectively).
Deteriorated timber elements in “frontal” walls were replaced using impregnated wood of similar
sections.
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(a)

(b)

Figure 55- Rua Jardim do Regedor, n.º 27-35 and Travessa do Forno, n.º 7; new “frontal” walls
The original floors were also kept where their state of conservation was acceptable, with the
replacement of deteriorated elements and addition of new timber beams. This did not apply for the first
floor (main building), where the structure was changed with a more rigid one of steel and concrete
which would also be less vulnerable against humidity. Floors with bigger spans were further supported
with metal I-beams (Figure 56). In the second building, the first floor was mainly preserved, however
the second floor and the roof was totally renovated. This was necessary for the introduction of a
reinforced concrete nucleus for stairs and elevators, which was also intended to improve the global
performance of the building against horizontal actions.

(a)

(b)

Figure 56- Rua Jardim do Regedor, n.º 27-35 and Travessa do Forno, n.º 7;
Strengthening of the floors
As already stated, it is not acceptable to change the architectural or structural arrangements of a
historic building, to adapt it to a new function or to provide it a greater safety level, at the expense of
destroying its authenticity. Therefore, although the two buildings are sure to behave satisfactorily in
the event of a future earthquake, it is unfortunate that it is no longer possible to feel their intrinsic
characteristics and to distinguish them from any newly constructed hotel building.

5.3.2.5 Rua Nova do Carvalho, n.º 43-51
The building is located in Chiado (Figure 35), at the limit of the reconstruction plan by Eugénio dos
Santos (Figure 57a). It is composed of six floors including the ground floor with a mezzanine and the
attic, and is a late Pombaline construction (Figure 57b).
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(a)

(b)

Figure 57 - Rua Nova do Carvalho, n.º 43; aerial view (a) and front view (b)
The building was purchased by Empresa Publica de Urbanização de Lisboa (EPUL) amongst others,
within a pilot program to repopulate the São Paulo district, in the riverfront. The objective was to create
a desire to live in the historic districts, through such renewal projects; and to provide young people
with low-cost housing.
The plan scheme was changed to accommodate different types and sizes of units; and a reinforced
concrete elevator shaft was introduced. The number of wet spaces (kitchens and bathrooms) was also
increased; and new floors with concrete and steel structure were built to support these.
Before the rehabilitation works, the building had a mixed use of commercial, residential and servicing
functions; and was in a bad state of conservation caused by the infiltrating water and lack of
maintenance. The timber beams were deteriorated (Figure 58a); and the exterior masonry walls were
out-of-plumb in the topmost floor. The roof was also in a bad condition (Figure 58b).

(a)

(b)

Figure 58a, b - Rua Nova do Carvalho, n.º 43-51; deteriorated timber beams (a)
and roof before intervention (b)
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Thus, the roof was totally reconstructed with a steel structure (Figure 59a) and two additional dormer
windows were introduced. The deteriorated floor beams were replaced (Figure 59b) and they were
also supported by a steel bracing system against horizontal actions, as in Case Study #3.

(a)

(b)

Figure 59 - Rua Nova do Carvalho, n.º 43-51; new steel roof and “frontal” walls (a)
and replaced floor beams (b)
Deteriorated timber elements of the original “frontal” walls were accordingly replaced. To improve the
building’s behaviour against seismic action, masonry walls were tied to each other with steel rods,
embedded and injected with grout. Also for the same purpose, concrete overlays were applied on both
exterior and “frontal” walls, with steel meshes anchored to the original elements (Figure 60).

Figure 60 - Rua Nova do Carvalho, n.º 43-51; Strengthening of “frontal” walls
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The original wooden doors and windows were preserved as much as possible (Figure 61a); and exact
replicas were built of those which were in a bad state of conservation. The same applied for metal
handles, locks, railings, etc. (Figure 61b).

(a)

(b)
Figure 61 - Rua Nova do Carvalho, n.º 43-51;
Original door (a) and metal elements (b)

The building is not yet being used, probably due to the still unfavourable conditions in its surroundings,
which is mostly occupied by night clubs and not very safe until now. But, as the number of
rehabilitated buildings increase, it is likely that the situation will reverse accordingly; and the interest in
the area will grow. Thus the attempt is much praiseworthy; but, a greater concern for authenticity is
necessary, where original planimetry, construction techniques and materials are treated with more
respect.

5.3.3 Theory versus Practice
Baixa and Chiado offer an excellent location at the heart of Lisbon, and an exceptional environment
with a distinguished past of 250 years, unequalled in urban history. Thus in the recent years, there has
been a growing interest in the city center, as evidenced by the many ongoing or completed
“rehabilitation and upgrading” works.
A limited survey of five case studies and an excursion in the Downtown showed that, the practices
may roughly be grouped under three subtitles, according to the level of intrusiveness on the historic
fabric, being:
-

Low-intrusive, when the heritage value was respected at a maximum, keeping the original
arrangements as much as possible, and providing an acceptable safety level;

-

Intrusive, when the safety level was compliant with the current building codes, however at the
expense of losing significantly the authenticity by altering the original structural arrangements;
and,
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-

Although not seen as a case study, Destructive practices existed, where the heritage value was
totally ignored by demolishing the inner structure to build a new one of modern materials, such as
reinforced concrete or steel (Figure 62).

(a)

(b)

Figure 62 - Suspended buildings whose inner structures are demolished;
On Rua Ivens (a) and Avenida da Liberdade (b)
The high level of intrusiveness may be associated with the area’s central position and being one of the
main tourist attractions, which results in a serious economic pressure. Thus, historic buildings have to
confront excessive alterations both architecturally and structurally. The first includes necessities of
modern living such as elevators, car parks, larger rooms and better installations; whereas the latter is
more related with the fear of a future 1755-like event, and its consequences on the built environment.
In this case, the privilege of living in an authentic building with a long history is usually disregarded.
However, the solution of the problem is complicated, since the only possible way for ensuring the
continuity of these buildings is through rehabilitation and reuse, which will otherwise be devoid of
maintenance and eventually collapse. Therefore, an optimization in safety and authenticity issues
must be sought for, where the inhabitants do feel secure and content with their buildings and at the
same time can enjoy the genuine features which distinguish them from any ordinary modern structure.
This will inevitably include changes in planimetry; however these should never reach to an extent that
it is no more possible to feel the original spirit of the building. The new function should also be in
accordance with the old one as much as possible, to achieve this goal.
Regarding interventions, they should also be kept at a minimum possible, never with an aim of
complying with modern building codes. Traditional techniques and materials should be respected, yet
use of low-intrusive and innovative ones should also be encouraged. Research in this field is of
importance, to develop such techniques that provides adequate strength without destroying the
original fabric.
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6.

EARTHQUAKES AND RISK PREPAREDNESS IN ISTANBUL

İstanbul is the most populated city, as well as the cultural, financial and industrial centre of Turkey. It is
located on one of the world’s most strategic waterways -the Bosphorus Strait- which separates Europe
from Asia (Figure 63a). The historic centre -also known as the Historic Peninsula- lies on the south,
between the Marmara Sea and the Golden Horn; and has a unique natural beauty amplified with the
monuments of millenia (Figure 63b). It is also included in the World Heritage List, since 1985.

(b)
Figure 63 – The setting of Istanbul (a) and general view of the Historic Peninsula

(a)

However, as in the case of Lisbon, Istanbul is also located on a hazardous -and additionally very
active- seismic zone, which generated devastating earthquakes throughout history. The last of these
-although not much destructive in Istanbul, as in the neighbouring cities of Kocaeli and Düzce on the
east- were in 1999 and had magnitudes of Mw = 7.4 and Mw = 7.2 respectively.
Scientists are confident in suggesting a 62±15% probability for an earthquake with magnitude over 7.0
affecting Istanbul, in the next 30 years (Parsons, et.al., 2000). Considering the quantity and the quality
of the building stock, it is unfortunately obvious that, the city will encounter a great loss -including part
of its cultural heritage- if necessary measures are not taken starting as soon as possible.

6.1 Geology
The oldest rock units in Istanbul and its neighbourhood were formed in the Paleozoic era, which is
denominated as the “Istanbul Group” according to stratigraphical classification. This is followed by
other geological periods, also divided into certain groups and formations (Figure 64). Thus the main
lithostratigraphical unit is the “Trakya Formation (Trf, dark green)” which is composed of grey shales
with turbidite sandstone and conglomerates. The upper Miocene “Güngören (Gnf, turquoise)” and
Erasmus Mundus Programme
ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS

67

1755 LISBON ERTHQUAKE AND PROTECTION OF CULTURAL HERITAGE FROM FUTURE EARTHQUAKES
WITH A COMPARATIVE STUDY ABOUT EARTHQUAKES AND RISK PREPAREDNESS IN İSTANBUL

“Bakırköy (Baf, cyan)” formations are “grey coloured clays with sand lenses” and “Mactra-bearing
limestone-marl-clay intercalations” respectively. The coastal areas are mostly landfill of waste and
antique rubble (Yd, dark brown) as along the Bosphorus and the southern banks; or a Holocene clay
with sand and pebble lenses (Kşf, light brown) as along the Golden Horn (JICA and IMM, 2002).

Figure 64 – Geological Map of Istanbul

6.2 Urban History
Recent excavations in Yenikapı (at the southern side of the peninsula) for the construction of a
subway station, dated back the first settlers of the city to the Neolithic Age, around 6000 BCE.
However, the first turning point in the city’s history was when Greek colonists inhabited the tip of the
peninsula and called it Byzantium, in the 7th century BCE. The acropolis at this time was where the
Topkapı Palace stands today. Unfortunately, there isn’t much left from this period; at least not above
ground.
The city was besieged and taken by the Romans after great destruction in 196 AD, by Emperor
Septimus Severus; who later rebuilt the city and adorned it with monuments such as Land and Sea
Walls, the Hippodrome, baths, temples, etc. The second critical point for the city was in 330 AD, when
Constantine the Great consecrated the city as the capital of the Roman Empire and called it Nova
Roma, which eventually became Constantinopolis after the emperor. The city was embellished further
during his reign by numerous buildings and statues, scattered all over the city; new Land Walls, the
Great Palace and Constantine’s Forum was amongst these. As Constantine supported Christianity,
churches were built as well, the Church of the Holy Apostles being the most important, bearing the
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emperor’s tomb, surrounded by sarcophagi holding relics of the apostles. Many cisterns were also
built, as the city always suffered from drought.
Following the death of Theodosius I in 395, and the permanent partition of the Roman Empire,
Constantinopolis became the capital of the East Roman -or the later and

more pronounced

Byzantine- Empire. The city continued to prosper in the following centuries, always accompanied by
the building of great monuments, such as the new Land Walls, in 412-414 (including the improvement
of the Sea Walls), Hagia Sophia, in 532-537 (to replace a former basilical church that burned during
the Nika Revolt), the Pantokrator Church and Monastery, in 1118-1136, as well as many other public
buildings and palaces. Galata (a Genoese colony across the Golden Horn), Chrysopolis and
Chalcedon across the Bosphorus flourished along with Constantinopolis during this time.
However, the Latin occupation between 1204-1261 was a misfortune for the city, when the
monuments were vulgarly looted and many artifacts were taken away to western capitals. Thus, even
after the reinitiation of the Byzantine rule in 1261, and despite the efforts to restore the city to its
former splendor, Constantinopolis was already in a dilapidated state, when the Ottomans led by
Mehmed II (the Conqueror) took control of the city in 1453.
After the conquest, Istanbul continued to serve as capital, this time for the Ottoman Empire for nearly
500 years. The sultans and their families starting with Mehmed II, gave the city much importance and
embellished it as did their predecessors, with palaces (Topkapı, Beylerbeyi, Dolmabahçe) and
complexes involving buildings with religious (mosque), educational (madrasah, primary school, etc.)
and social (hospital, public kitchen, bath, etc.) functions. Fatih, Süleymaniye and Bayezıd Complexes,
amongst others, are today important landmarks adorning the city silhouette (Figure 65).
Topkapı Palace

Nur-u Osmaniye Complex

Bayezıd Complex

Hagia Sophia Museum

Sultan Ahmet Complex

Süleymaniye Complex

Figure 65 – Panoramic view of Historic Peninsula, from the Golden Horn
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As for the civil architecture, the city possesses a rich collection, ranging from modest row houses, to
elaborate mansions; made of timber, masonry or a mixed system of both. These are sometimes
situated on an organic street pattern, as in Süleymaniye or Zeyrek, or on a grid plan, as in Fener and
Balat; which is mostly determined by the many fires the city had to suffer throughout the centuries.
Today Istanbul holds almost 13 million inhabitants on a vast metropolitan area, with almost 500.000 of
them living in the Historic Peninsula (Figure 66). However, many of the historic houses are abandoned
or illegally occupied by people coming from other cities to work. This leaves the buildings without
maintenance and causes further deterioration every single day.

Figure 66 – Historic development of Istanbul

6.3 Historical and Instrumental Seismicity
Istanbul is situated on a very active seismic zone (see Section 6.4.1), which has generated
devastating earthquakes throughout history; damaging the city and its buildings, and at times
destroying them to their very foundations. As instrumental seismicity is carried out for roughly a
century in Turkey, historic sources are valuable in determining the past occurrences. However the
study of this requires a great effort, as most of the the documents are written in Ancient Greek, Latin
and Ottoman Turkish with the majority of them in hand-writing.
The earthquake catalogues based on these sources show that, Istanbul has suffered a damaging
earthquake every 100 years or so, the most destructive ones with intensities around 9-10, according to
the accounts (Figure 67). Amongst these, the ones that occurred successively in 557 and 558, 989
and 1346 during the Byzantine rule are worth mentioning, since they caused partial collapses in the
dome of the Hagia Sophia, amongst many other buildings.
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Figure 67 – Historical seismicity of Istanbul, 32 AD - 1896
During the Ottoman rule, the 1509, 1766 and 1894 earthquakes are the most significant ones, of
which the first is also known as the “Little Doomsday” due to the great destruction it caused. These
included the modest houses as well as the monumental buildings, such as the recently constructed
Bayezıd Mosque, whose dome and one of the minarets have collapsed; many other mosques and the
fortifications also suffered greatly.
The 1766 Earthquake had similar effects on the built environment, this time causing an immense
destruction in the Fatih Complex, focused mainly on the mosque, which had to be almost totally rebuilt
after the event. The 1894 Earthquake is the last and the best documented one of the historical era,
including scientific reports and lists of damaged buildings with explanations of the extent of damage
and cost estimations regarding the necessary repair works. The Grand Bazaar was where the most
damage was observed both to structures and to human lives, according to these reports. Many
mosques and houses suffered partial or total collapses as well.
As for the instrumental seismicity, although there has been a significant number of earthquakes in the
region with a magnitude higher than 5 in the last century, the only ones causing important damage in
Istanbul was those that occurred consecutively on August 17th (Mw = 7.4) and November 12th (Mw =
7.1) of 1999 (Figure 68). According to the damage reports prepared by the General Directorate of
Pious Foundations, the monuments requiring the most extensive restoration works were the Fatih
Mosque and associated madrasahs, Mihrimah Sultan Mosque, Bayezıd Mosque and Küçük Ayasofya
Mosque (former Church of St.s. Sergius and Bacchus) in the Historic Peninsula22.

22

The General Directorate of Pious Foundations (Vakıflar Genel Müdürlüğü) is the institution responsible for the management
and safeguarding of endowed buildings, including those of monumental character, in Turkey. The list mentioned is of a cost
estimation on repair works.
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Figure 68 – Instrumental seismicity of Istanbul, 1905 - 2001

6.4 Seismic Risk
6.4.1 Hazard
Turkey is situated at the boundary area, where the Arabian and the African plates are moving north,
towards the Eurasian Plate. Thus, a large fault line, called the “North Anatolian Fault (NAF)” is formed,
with a length of more than 1000 km, in the northern territory of Turkey. There have been many
devastating earthquakes along the NAF, and the recent activities present a migration of the epicentres
from east to west (Figure 69). This is regarded by many seismologists as an indication of a possible
high-magnitude earthquake around Istanbul where the western edge of NAF is located in the Marmara
Sea (JICA and IMM, 2002).

Figure 69 – Earthquakes on the NAF between 1939-1999
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In a joint study by the Istanbul Metropolitan Municipality and the Japan International Cooperation
Agency (JICA), four different scenario earthquakes were defined, taking into account the geological
and the tectonic data together with historical and instrumental seismic activity (Figure 70). These were
based on the expected rupture on the NAF, with the parameters presented in Figure 71, and the
distribution of the expected PGA presented in Figure 72 (JICA and IMM, 2002).

Figure 70 – Scenario earthquakes

Length (km)
Moment magnitude (Mw)
Maximum PGA (cm/sq2)
Type

Model A

Model B

Model C

Model D

119
7.5
400
Strike-slip

108
7.4
400
Strike-slip

174
7.7
> 500
Strike-slip

37
6.9
> 400
Normal fault

Figure 71 – Fault model parameters defined in

Figure 72 – Expected PGAs for scenario earthquakes (in cm/s2)
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6.4.2 Vulnerability
Istanbul presents a very diverse architectural and archaeological heritage, assembled together in its
2700 years of urban history as an ever-expanding and crowding city. Not much of the earliest
buildings from the Greek and Roman periods exist today, except fragments scattered throughout the
historic districts; sometimes hidden in basements or foundations, and discovered during excavations
for new constructions.
The Byzantine buildings of always monumental character and mostly religious function, are built of
brick or alternating stone-and-brick walls, using hydraulic lime mortar. These may have a continuous
horizontal section, or a leaved structure, where the exterior faces are built of solid masonry, however
the interior filled with a mixture of rubble stones and mortar. The buildings are usually covered with
brick domes and vaults, and may be supported with columns and/or masonry piers. Timber or iron ties
may have been utilized to connect springer points of arches.
Ottoman monumental buildings (mosques, madrasahs, bazaars, etc.) follow the same tradition
basically, but the building material is mostly limestone (ashlar or roughly cut). Bricks are still used
alternatively with stones, although in a reversed ratio of their Byzantine predecessors. Stones may be
connected to each other with iron clamps, which sometimes corrode and cause damages.
As monumental buildings have a more careful construction than civil architecture, they are generally in
a better state of conservation, which helped them to survive severe earthquakes during their lifetime.
Some of them had to be partially rebuilt; or were strengthened with buttresses or ties which provided
them a greater strength. However, this can not be accepted as a reasonable argument for suggesting
that they will resist the next seismic event without major damage. In fact, recurring damages
documented in historic documents must be perceived as a warning on the weak points and special
attention must be paid to those with a “susceptible seismic history”. Elements such as large domes,
slender minarets and arcades are critical points that require detailed research.
Concerning the Ottoman residential buildings, three main construction typologies can be mentioned,
depending on the wall structure. These are:
-

Timber framed buildings, cladded with planks on the exterior and with lath-and-plaster in the
interior, in which the plinth level is usually built with masonry to prevent wood from deterioration;

-

Masonry buildings with mainly brick walls, where iron ties are generally employed to connect the
opposite exterior walls;

-

Mixed structures with the ground floor (and basement if any) in masonry, and the upper ones in
timber frame.

Timber framed buildings with adobe/clay brick or stone infills, which can be seen all around Anatolia
are not observed in Istanbul, probably due to the mild climate conditions that makes such an isolating
measure unnecessary.
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The floors are generally made with timber beams, resting on walls and covered with planks. The
ceilings may also be in the same fashion or with lath-and-plaster. The different typologies may occur in
a specific area as in a group, or next/opposite to one another on the same street.
For the timber framed buildings, it is possible to say -however cautiously- that if the structural
arrangement and the connections are well-constructed, quality of the materials are good, and it is
maintained, the building will possibly behave satisfactorily during an earthquake. Similar comments
can be made for the mixed structures, with an additional requirement that the connection between the
ground and upper floors is secure. However, since many of these are attached buildings, fire -as a
consequence of an earthquake- poses a serious threat.
For the masonry structures, besides the above criteria, structural and architectural alterations present
a significant problem, as the buildings are generally divided to separate flats by primitive techniques,
and additional floors are quite common. The connection of the façades with the rest of the structure
can be disputable in the absence of ties, which may lead to an out-of-plane failure.
Contrary to the situation in Lisbon Downtown, historic buildings may appear next to and even
squeezed between reinforced concrete (RC) structures in Istanbul, generally larger and taller than
them. So, it is important to include also the RC buildings in a vulnerability study, since these may have
important effects on the adjacent properties. Unfortunately, the RC buildings in the Historic Peninsula
are mostly of low quality; many of them built before the introduction of the seismic codes, or even if
later, without fully applying the regulations. Thus, they present an important threat not only for
themselves, but also for the neighbouring historic buildings; including a high probability of hammering.

6.4.3 Exposure
According to the Turkish Statistical Institute (former DİE and current TÜİK), there were 46095 buildings
in the Historic Peninsula -only including the Eminönü and Fatih districts- in 2000, as shown in
Figure 7323. These two districts were the most densely urbanized ones, together with Beyoğlu across
the Golden Horn (30 b/ha).

Eminönü
Fatih

Area (ha)

Population

508
1045

5451824
394042

Number of
buildings
14149
31946

Building density
(buildings/ha)
28
31

Figure 73 – Building distribution in the Historic Peninsula
The buildings were distributed by their structure type, being framed (FS: steel, RC, timber), or masonry
(MS: briquette, brick, wood, stone, sun dried brick), as shown in Figure 74 (JICA and IMM, 2002).

23

Census 2000: Social and Economic Characteristics of Population, State Institute of Statistics, Prime Ministry, Republic of
Turkey. Since the original source could not be reached, the information was cited from JICA and IMM (2002).
24
The low population of Eminönü district is associated with the buildings being of mostly monumental caharacter, having
commercial function or not used at all.
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Thus, in both districts RC structures were in vast majority. These were followed by masonry buildings,
of briquette/brick and stone, which may roughly correspond to residential and monumental buildings
respectively, with the exception of Byzantine monuments, which are mainly built with bricks as
explained before. Unfortunately, compiling the briquette and brick buildings under the same subtitle
creates a confusion in determining the historic character.

FS (Other)

MS
(Briquette /
brick)

MS (Stone)

MS (Sundried brick)

MS (Other)

Other (Full
shear wall)

Other
(Prefabricated)

Fatih

FS
(Timber)

Eminönü

7397
52.9

792
5.7
1815
5.8

19
0.1
3
0.0

3040
21.7
9573
30.4

2655
19.0
662
2.1

5
0.0
38
0.1

14
0.1
20
0.1

1
0.0
2
0.0

35
0.3
54
0.2

FS (Steel)

Structure Type

FS (RC)

Number of Buildings /
Percentage of Buildings

25
0.2
32
0.1

19336

61.3

Figure 74 – Distribution of the buildings in the Historic Peninsula
according to the main structure types
The same problem occurs for the construction period, as the original data is condensed to include
fewer categories, where the first one is accepted as “1949 and before”, which involves not only the
historic buildings, but also the first RC structures Figure 75.

1970 - 1979

1980 - 1989

1990 -

Fatih

1960 - 1969

Eminönü

1950 - 1959

Construction
Period

- 1949

Number of Buildings /
Percentage of Buildings

6016
43.3
7067
22.6

1369
9.9
3303
10.6

1949
14.0
5589
17.9

2554
18.4
8785
28.1

1389
10.0
4187
13.4

615
4.4
2323
7.4

Figure 75 – Distribution of the buildings in the Historic Peninsula
according to construction periods
Nevertheless, when a critical analysis is carried out, taking into account the occurrence of different
building types and their ages, and the problems they may present in case of a seismic event, historic
residential buildings of brick masonry (determined after a further elimination of the briquette ones)
seem to pose the greatest problem in terms of cultural heritage. Monuments of either brick or stone
masonry, on the other hand, present also an important challenge, related with their uniqueness and
indispensability for the city.
Last but not at all least, poorly built RC constructions scattered all around the city originate serious
doubts both regarding their own behaviour and also the damages they may cause to historic
structures, in their proximity.
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6.5 Studies / Projects on “Protecting” Istanbul’s World Heritage against
Earthquakes
Following the 1999 Kocaeli and Düzce earthquakes, there has been a growing interest in seismic risk
mitigation and disaster management studies regarding Istanbul. Part of these have a general
character, related with the definition of the risk in terms of seismic hazard and vulnerability of the
building stock, or the emergency actions. These generally cover the whole Istanbul Metropolitan Area
and do not include detailed information or previsions on historic buildings.
However, there are also a number of projects focused on the earthquake protection of the Historic
Peninsula and its cultural heritage. Although still inadequate in number, these can be accepted as the
first initiatives, which will hopefully encourage future projects. These are funded by international loans
and carried out by multi-national co-operations. A considerable amount of funds and loans are also
provided for the restoration of publicly or privately owned buildings, through the latest tax regulations.
Unfortunately, there are some large-scale projects, that are more destructive than the earthquake
itself, proposing urban rehabilitation through demolition and reconstruction of historic buildings (mostly
residential), which will lead to a pseudo-historic environment.
As for the monuments, despite the accumulated research in the past years, carried out by national and
international academics and experts, it is still not possible to affirm that, adequate actions have been
taken to ensure their safety.

6.5.1 Study on Disaster Prevention / Mitigation Basic Plan
The study is carried out by the Japan International Cooperation Agency (JICA) and Istanbul
Metropolitan Municipality (IMM), in cooperation with other state institutions and universities, and is
finalized in 2002. It includes an overview of existing social and physical conditions of the study area
(Istanbul Metropolitan Area).
An important contribution of the study is the development of a comprehensive geographic database to
support data analysis and presentation of the study results. “Microzoning maps” are compiled out of
this GIS database in such a way that, future research on urban analyses, detailed disaster
management, and planning can easily utilize the results obtained within the study.
The study also includes the results of the seismic damage analysis, carried out based on the potential
large earthquakes (see Section 6.4.1). Thus, historic districts are defined as areas with the highest
percentage of estimated damage -classified into catastrophic, heavily and moderately damage- where
a great part of the first group is located in the Historic Peninsula. Unfortunately, the solution is
proposed as a revision in the Preservation Laws, which are too “strict”, which was actualized in 2005
by Law 5366, further examined in Section 6.5.4.
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6.5.2 Earthquake Master Plan
This comprehensive study was carried out by the Istanbul Metropolitan Municipality, in cooperation
with the four leading universities25 in Turkey. It is dated 2003 and includes many subjects on a wide
range, such as the seismic hazard and vulnerability of the built environment; seismic behaviour of
buildings and upgrading methodologies; issues on legal, administrative and financial aspects;
educational and social activities on mitigation of earthquake damages; and risk and disaster
management. However, it is mostly of a consultive character, instead of an executive one.
Within the “Settlement” subtitle, historic districts that present high risk areas and their problems are
examined in detail, mostly depending on the previously mentioned JICA/IMM Report (2002), and
general proposals are made, such as:
-

The inventory of historic buildings and sites should be completed, including information on
ownership and responsible parties, through a GIS database;

-

Priority groups in terms of preservation should be defined, and their structural behaviour should be
examined, together with their location, function and environmental values;

-

Costs for necessary measures/interventions should be determined;

-

Preservation/restoration works should be carried out, within a general program.

Further in the “Mitigation of Earthquake Damages” subtitle, “rehabilitation of the natural and built
environment” is said to cover both modern reinforced concrete buildings that are poorly constructed,
and historic buildings that are in a bad state of conservation or even dilapidated. However, seismic
behaviour and upgrading proposals are only intended towards the first group, with a justifiable
explanation that the second group necessitates different criteria and specialized studies. Yet, there is
no further reference to such a study, that is or will be carried out by the municipality.
A serious drawback of the study is the remark to urban renewal, which possibly encouraged the
issuing of Law 5366 (see Section 6.5.4). Although historic districts were not specified as potential
renewal zones in the report, the outcome is that most of the areas such designated, lie in the Historic
Peninsula, with an imminent threat of losing an important part of their authenticity.

6.5.3 ISMEP Project
İstanbul Seismic Risk Mitigation and Emergency Preparedness Project (ISMEP) is being prepared
within the framework of the aforementioned Earthquake Master Plan, carried out by the Governorship
of Istanbul, by the İstanbul Project Coordination Unit. The project is funded by a World Bank credit of
400 million Dollars, and covers a period of five years between 2006 - 2010. The overall objective of
the project is to transform Istanbul within the next 20 - 30 years into a more resilient city against
25

Boğaziçi University (BU), İstanbul Technical University (ITU), Middle East Technical University (METU) and Yıldız Technical
University (YTU).
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disasters, through a long-term program aiming at saving lives and reducing the social, economic and
financial impacts of a future earthquake. Thus, it consists of the following components and activities:
-

Component A, is related with “Enhancing Emergency Preparedness”, by improving the
effectiveness and capacity of the provincial and municipal public safety organizations. It includes
improving emergency communication systems; establishing an emergency management
information system; supporting the Disaster Management Center; upgrading the emergency
response capacity; and creating public awareness and training.

-

Component B, is related with “Seismic Risk Mitigation for Public Facilities”, by reducing the risk of
future earthquake damage to critical facilities and lifelines and ensure their continued functioning
in an earthquake. It includes retrofitting/reconstructing of priority public facilities such as hospitals,
schools, administrative buildings and infrastructure; risk assessment of lifelines and vital
infrastructures; and risk assessment of cultural heritage buildings.

-

Component C, is related with “Enforcement of Building Codes”, through innovative approaches, by
supporting public awareness on the the importance of compliance with building codes and land
use plans; supporting the enhancement of guidelines and regulations; initiating voluntary
certification of engineering professionals in accordance with international and European
standards; and supporting selected district municipalities in enforcement of building codes and
land use plans.

-

Component D, is related with “Project Management” by helping build sustainable capacity in the
provincial and municipal government institutions to undertake such programs.

Within this outline the main budget is reserved for Component B, under “retrofitting/reconstruction of
priority public facilities” with 311 million Dollars. Two activities are being carried, regarding cultural
heritage buildings with a budget of 3 million Dollars. These are:
1.

Inventorization and Multi-Hazard and Earthquake Retrofit Evaluation of 28 cultural heritage
buildings in İstanbul, under the responsibility of the Ministry of Culture and Tourism, which
includes the development of a GIS database. Amongst chosen buildings a great variety exists,
ranging from civil architecture buildings (timber and masonry houses) to monuments (Hagia
Sophia Museum, Topkapı Palace). The study involves:
-

Literature Survey, aiming at obtaining information on building construction, past earthquake
damages and subsequent repairs. Academic papers and theses, official records of the
Ottoman and Turkish Republic Archives are reviewed.

-

Field Survey, including studies on material decay and structural damages, photographic
survey, and

preliminary measurements on deformations. These are followed by office

activities such as preparation of digital drawings and reports, risk assessment and preliminary
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suggestions on possible future investigations and on global and local interventions to improve
seismic behaviour.
-

Vulnerability Assessment, including survey on geological and geotechnical data; assessment
of site specific earthquake hazard; and earthquake hazard assessment in order to define
classes of vulnerability.

-

Retrofitting and Risk Mitigation Methods, including a conceptual retrofit design and cost
estimate.

2.

Earthquake Performance Assessment and Preparation of Structural Seismic Retrofitting Designs
for Mecidiye Kiosk (in Topkapı Palace), Archaeological Museum, and Saint Irene Monument,
which includes:
-

Preparation of architectural survey, reconstitution and restoration drawings.

-

Detailed analysis on soil and foundations, structural system, mechanical properties, resistance
and materials.

-

Development of a 3-dimensional FEM model (or similar) for static and dynamic analysis.

-

Definition of probable damage and collapse mechanisms, in case of a strong earthquake.

-

Proposing strengthening methods including detailed projects and cost estimations.

The contract for the first project is dated April 30th 2007 and had an estimated period of 9 months.
However, due to its broad scope, the deadline was postponed and the study is still continuing. For the
second project, the contract is signed on January 23rd 2008, with an estimated period of 18 months.
Thus the final report for neither project is available for review yet. Still, both projects are important
steps towards a better policy regarding seismic protection of cultural heritage, which may provide a
model for future studies.

6.5.4 Urban Renewal Projects
A significant interest towards urban renewal of historic areas has emerged after the 1999 earthquakes,
which was facilitated by the issuing of Law 5366: “Conservation by Renovation and Use by
Revitalization of the Deteriorated Historical and Cultural Immovable Property” in 2005. The law created
serious discussions, due to both the restrictions it brought on private ownership and the total
negligence of local inhabitants, and the shift in responsibility which gave an almost absolute power to
district municipalities and provincial governments. Yet despite the conflicts, urban renewal projects
accelerated even more, after İstanbul was elected as the “European Capital of Culture - 2010” in
November 2006.
Today, there are a number of ongoing projects, mostly in the design or approval processes. These are
mainly concentrated on the Historic Peninsula (Süleymaniye, Ayvansaray and Sulukule), as well as in
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Beyoğlu (Tarlabaşı) across the Golden Horn. However, even if they are said to improve the dilapidated
historic districts in terms of both environmental quality and earthquake resistance, the outcome seems
to be the creation of “gentrified” and “fashionable” districts in some of the central locations in the city.
This is unfortunately carried out without paying much attention to the historic buildings themselves,
and even by demolishing and constructing replicas -or worse “dummies” (Kuban, 2005)- in their place
(Figure 76, Figure 77). What is even sadder is that, responsible authorities try to justify this act, by
suggesting that these buildings will be destroyed in a large earthquake anyway (Kuban, 2005).

(a)
(b)
Figure 76 – Ayvansaray; actual condition (a) and “Turkish Quarter Project” (b)

(a)
(b)
Figure 77 – Tarlabaşı; actual condition (a) and “Urban Renewal Project” (b)
Thus, the projects are severely criticized both by academics who disapprove the proposals in terms of
the damage they will cause on the cultural heritage; and also by NGOs which protest against
gentrification and the displacement of local inhabitants, which sometimes constitute an intangible
heritage value, as in the case of Sulukule, where Romani26 people are settled for centuries.

26

Romani people, generally referred to as Gypsies, are a nomadic ethnic group with Indian origin. In Sulukule, they
constitute(d) a society based on music and dance performances.
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Even if it is true that historic buildings are in fact in a bad state of conservation and the inhabitants are
mostly from low-income groups in these districts, the method chosen for “rehabilitating” them is
absolutely inappropriate, contradicting with the conservation theory and disregarding human rights.
These are also sharply criticized by the UNESCO World Heritage Committee, which is seriously
worried about authenticity and considers to place İstanbul in the “World Heritage in Danger List”. This
will be dishonourable as well as humiliating for a city like İstanbul, which served as the capital of
Byzantine and Ottoman Empires for almost 1600 years.
Despite these unfortunate examples, the “Rehabilitation of Fener and Balat Districts Programme” is
much appreciated both because of the convenient procedure and techniques used for restoration, and
also for the consideration towards owners and even tenants. The project was funded by an EU loan of
7 million Euros and implemented by the Fatih Municipality, also supported by an international technical
assistance team. It included the restoration of 121 houses (Figure 78) and improvement of the market
place, together with a comprehensive social program and establishment of a solid-waste management
strategy for a sustainable environment.
The project also included the seismic vulnerability analysis of the buildings, and the preliminary
studies for the preparation of guidelines for repair and seismic strengthening works (D’Ayala, 2003).
The analysis was based on the failure mechanism identification, together with an examination of the
construction typologies and structural details. Alterations and damages of the buildings were also
taken into account for assessment.

(a)
(b)
Figure 78 – Aynalı Dükkan Sokak, n.º 31, Balat; before restoration (a) and after restoration (b)
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The modern world, with its “shiny toys” that no one wants to give up anymore, imposes an unbearable
economic pressure on historic districts that naturally occupy the central locations in İstanbul. However,
the methodology applied in Fener and Balat districts, prove that there is an economically-viable
alternative for rehabilitation without losing authenticity. Thus, local and central authorities should
accept urban renewal not mainly as an “investment” in terms of economy but of “culture”.

6.6 Lisbon (Downtown) versus İstanbul (Historic Peninsula)
Lisbon and İstanbul present two fundamental similarities -amongst others- being first, their long and
glorious history in which they serve(d) as capitals and were adorned with numerous monuments of
different civilizations throughout centuries; and second, their mournful experiences with earthquakes
which caused great damages both to the built environment and also to human lives. Thus, a
comparison of the two cities in terms of seismic risk and risk preparedness appears likely to provide
valuable insights for them both, as it is interesting that where one falls behind, the other seems to be
in a better position, and vice versa.
When their historical seismicity is studied, it is apparent that Lisbon had a less frequent but at times
more devastating occurrences, due to the greater magnitude the events could attain when they
resulted from interplates activity. These were accompanied with tsunamis, which did not seriously
damage the built environment, but increased the casualties greatly. In İstanbul, the magnitudes may
never have reached such values; however the city suffered from large earthquakes every 100 years or
so, which destroyed and/or left important marks on the monuments.
Seismologists suggest that there is an imminent hazard for a high magnitude earthquake for both
cities. For Lisbon, a recurrence interval of around 200 years is proposed tentatively (since there is not
adequate knowledge on historic seismicity), which indicates that it may occur any time soon, as more
than 250 years have passed since the last one. For İstanbul, a 62±15% probability for an earthquake
with magnitude over 7.0 in the next 30 years is calculated, strongly supported with historic evidence.
Unfortunately, the cultural heritage of both cities present serious weaknesses, which are mainly
associated with lack of maintenance and inconvenient architectural/structural alterations that have
been carried out on the buildings. İstanbul is also threatened by the poorly constructed reinforced
concrete buildings, as these may appear side by side with historic ones. The risk is further increased
in İstanbul by the large area the historic center occupies.
Regarding their geology, Lisbon Downtown presents a weaker stratigraphy which suggests a high risk
of site amplification effects; unfortunately there isn’t enough research on this subject, that may multiply
the damage considerably during an earthquake. In İstanbul, this threat is only limited to the coastal
zones in the Historic Peninsula. Yet, there are some regions inland with significant antique landfill,
such as where the Fatih Complex is located, which already suffered great destruction in the 1766
Earthquake.
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However, neither city can be accepted as having an adequate seismic risk mitigation strategy
concerning their cultural heritage. In Lisbon, this is more evident, probably due to the infrequency of
large and destructive occurrences, which results in a lack of awareness. Therefore decision makers do
not consider it as an imminent threat, regardless of scholars’ warnings. In İstanbul, things seem to
have taken a completely different turn as evidenced by the many urban renewal projects, scattered
throughout the Historic Peninsula. These unfortunately try to overcome the vulnerability issue by
“eliminating” the elements that present risk: hence a great part of the civil architecture, that is part of
the World Heritage.
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7.

CONCLUSION

Protection of cultural heritage from earthquakes is a challenging task in many respects. First it requires
a multidisciplinary approach, which should bring together experienced architects and structural
engineers who are willing to understand and appreciate each other’s judgements and concerns, and
thus are able to work in accordance to ensure the continuity of the heritage in question. However, this
is generally not enough as the buildings present many unknowns regarding their construction systems
and details, materials, visible and hidden damages, etc., which need further professional assistance
from various fields.
When the object in question is a vulnerable city center, the puzzle is even more complicated, simply
because the extent is much wider and demands participation of public bodies both administratively
and financially. Yet, the decision makers can be unaware to the severity of seismic events -as in the
case of Lisbon; or can be ignorant to the authenticity of the cultural heritage -as in the case of İstanbul
Historic Peninsula. The result is equally undesirable in both cases, as it is the cultural heritage that will
suffer eventually. And although no price can be estimated for heritage objects, the destruction will be
accompanied by a great economic loss, since these constitute a significant part of the built
environment in both city centers.
Therefore necessary actions should be determined and put into practice as soon as possible,
regarding seismic risk preparedness and mitigation strategies towards the protection of cultural
heritage both in Lisbon and İstanbul, that are facing an imminent threat of large magnitude
earthquakes. Thus, the very first steps should be the acceptance of the seismic risk (especially in
Lisbon) and the appreciation of the tangible and intangible values of historic buildings and districts
(especially in İstanbul) by the authorities. Further actions that should be adopted in both cities can be
summarized as follows:
-

As both cities possess a vast cultural heritage which unfortunately is extremely vulnerable against
earthquakes, a long-term plan on the careful use of national economic resources should be
carried out for their protection. International funds and loans may also be sought for;

-

The inventorization of all the cultural heritage objects should be accomplished and made available
in a GIS database, with information on their significance (monumental / contributing to the historic
environment) construction period, structural typology, materials, plan and façade arrangements,
state of conservation (alterations), structural condition (damages), soil properties, etc.
Experienced professionals should be employed for preparing the inventories, in order to avoid
subjective evaluations as much as possible;

-

Depending on the data thus obtained, allowable intervention techniques should be identified for
different typologies and different conservation/structural condition levels. This could be achieved
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through guidelines, but these should never be accepted as “miraculous prescriptions” valid for any
and every case, and individual characteristics/problems of each case should always be taken into
account in the implementation phase;
-

A scale on seismic vulnerability should be prepared and a sequential rehabilitation procedure
should be determined, where buildings with higher vulnerability and greater significance are
strengthened first, and continuing gradually, in order to allocate the resources in a more
convenient way;

-

Simultaneously with these works, the emergency action plans should also be prepared which
should include a detailed programming of the inspections (in terms of teams, equipment,
sequencing, etc.) that must be carried out after the earthquake for the grading of the damages.

Apart from these common actions, following issues should be solved that are particular to each city:
-

In Lisbon Downtown, commercial activities and residential functions should be balanced by
administrative measures, in order to relieve the economic pressure on the historic buildings. This
would also help make the city center lively at all times, and not only a décor for tourists.

-

In İstanbul Historic Peninsula, the ongoing urban renewal projects should be revised with a point
of view that recognizes authentic values and do not consider these areas only as economic
investments. As the reinforced concrete buildings both present a risk towards cultural heritage with
their poor construction, and also devalue the historic environment with their unaesthetic
appearance, the projects should also involve measures regarding their rehabilitation.
If possible, strengthening and façade reorganization schemes should be adopted; or infill projects
should be devised for the worst cases. However, these should never be designed as “replicas” of
historic buildings or with a “mass housing” scheme in mind. They should reflect their age, while
blending together with their predecessors.

Scope for Future Studies
Almost all of the objectives defined in the introduction were completed. However, research on ongoing
studies/projects carried out by the public bodies for the protection of cultural heritage buildings in
Lisbon and İstanbul could not be fully achieved due to restrictions in time and published sources.
Further studies could concentrate on these, together with the following subjects, which would help
build an important database on the methodology and techniques appropriate for the rehabilitation of
cultural heritage, and eventually would enhance the quality of the works:
-

Research on improving the traditional construction techniques and materials is important, both in
terms of keeping authenticity and also maintaining the original workmanship (woodworking,
masonry, etc.) which almost completely disapeared with the widespread use of reinforced
concrete;
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-

Research on innovative but compatible and low-intrusive techniques and materials on the other
hand is necessary, in case traditional ones do not provide adequate safety even for reduced
levels;

-

Studies on adapting Gaiola buildings for new uses with minimal alterations is also needed since
the number of rehabilitation projects seems to increase significantly in the recent years, but
usually with a high level of intrusiveness;

-

Finally, studies on specific codes/guidelines for the rehabilitation of Gaiola buildings may prove
useful, however these should always respect the individuality of each case study, as explained
many times in the previous chapters.
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