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Abstract: Historic monuments in Greece represent part of the nation’s identity and, as such, they
form a crucial part of local communities, not only culturally but also socially and economically. In the
current paper, the design process of reconstructing a masonry two-story urban house from the late
19th century located in the historic center (Chorá) of a distant island in the Aegean Sea, Patmos, is
discussed through related theories and actual design considerations. Chorá is protected as a UNESCO
site; therefore, strict rules for the conservation of any structure enclosed within its boundaries apply.
Analysis of the excavation findings and architectural drawings showing the current condition and the
conservation proposal, together with the pathology of the building, as well as a structural analysis of
the reconstructed structure, are thoroughly discussed in the present paper. These latter can serve as
a record for the specific typology of the building and the processes engineers and architects must
follow in order to obtain official permission to restore and even reconstruct collapsed parts of such
traditional houses, while catering for climate change issues. The maintenance of the originality of the
structure is of major importance and is thoroughly discussed, together with the detailed presentation
of architectural and structural solutions serving this goal.

Keywords: UNESCO; Chorá of Patmos; masonry urban house; restoration/reconstruction

1. Introduction

The United Nations Educational, Scientific and Cultural Organization (UNESCO) was
established in 1945 in London in the aftermath of the Second World War. The objective of
UNESCO is described in its 1945 constitution, which clearly states that it is committed to
“the conservation and protection of the world’s cultural heritage and recommending . . .
the necessary international conventions” [1]. According to Rodwell’s table of the chronol-
ogy of landmark dates [1], following the International Charter for the Conservation and
Restoration of Monuments in Venice in 1964, known in brief as the Venice Charter, the Inter-
national Council of Monuments and Sites (ICOMOS) was established in Paris in 1965. The
first UNESCO Convention Concerning the Protection of the World Cultural and Natural
Heritage (World Heritage Convention) was held in 1972, and Greece ratified the conven-
tion in 1981 [2]. Greece includes 18 monuments listed in the literature and the Historic
Centre (Chorá), along with the Monastery of Saint John the Theologian and the Cave of the
Apocalypse, on the Island of Patmos were added in 1999, holding position number 16 [2].

Patmos is a small island belonging to the island complex of Dodecanese near the
eastern coastline of Greece (Figure 1).

The island has significant religious value, as it is believed that Saint John the The-
ologian wrote both his Gospel and the Apocalypse there and, as a result, a synonymous
monastery dedicated to the disciple was founded in 1088 and has been a place of pilgrimage
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ever since (Figure 2). Right below the monastery, which sits on top of a hill, the old settle-
ment of Chorá associated with it encloses many religious and urban buildings. According
to UNESCO’s website, “it is one of the best preserved and oldest of the Aegean Chorá”.
Below the monastery lies Santa Lesbia Square, which is close to the urban house presented
in the case study in this paper.
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The Outstanding Universal Value of this UNESCO entry is also based on the fact that
it comprises one of the few settlements in Greece that have evolved uninterruptedly since
the 12th century. According to research carried out by Iakovidis [3] and presented in a
self-published book that is out-of-print and can only be found in the National Library, the
following historical events have shaped the patrimonial heritage of the entirety of Chorá:

• In AD 1132, the first settlement around the monastery was established in a formation
that favored the protection of the population (Figure 3a);

• After the destruction of the Byzantine Empire by the Turks in AD 1453, 100 Byzantine
families established the settlement Alotina and, between AD 1522 and AD 1636, the
first mansions were also built (Figure 3b);

• In AD 1650, the first cottages were built (Figure 3c);
• In AD 1720, the Cretan neighborhood was established by Cretan refugees after the fall

of Handakas Port (in current Heraklion) to the Turks (Figure 3d);
• In AD 1740, the Aporthiana neighborhood was established, signaling a significant

change in Chorá, since a northern triangular area was created. Notably, “Aporthiana”
etymologically means “outside of the doors” (Figure 3e);

• During the 19th century, the settlement expanded in the South (Figure 3f).

Given that there are only a few other places in the world where religious ceremonies
that date back to early Christian times are still practiced unchanged, its value for Orthodox
Christianity is inestimable.

Chorá is protected by the provisions of Archaeological Law 3028/2002 “On the Pro-
tection of Antiquities and Cultural Heritage in General” and by a number of ministerial
decrees published in the Official Government Gazette. All restoration proposals for govern-
mental or privately owned properties must be submitted at the regional service (Ephorate
of Antiquities of the Dodecanese). After thorough checks, the entire study is transmitted
to the Directorate for the Restoration of Byzantine and Post-Byzantine Monuments for
further checks and, finally, it is introduced to the Central Archaeological Council of Greece
(CAC). The Council’s history, composition and role are described elsewhere [2]; however, it
is crucial for the approval of any proposal in UNESCO protected areas.

Greek legislation regarding conservation strategies in such protected areas—and
especially, remote islands—takes into consideration the fact that these areas are inhabited
by people and been throughout their history. Time, wars and financial difficulties have
certainly left their mark on buildings, but, nevertheless, permanent residents of these
islands are encouraged to stay to avoid abandonment and further deterioration on an urban
scale. At the same time, due to the high historical value of particular settlements, only
conservative approaches are allowed, even in privately owned properties, and the Central
Archaeological Council of Greece safeguards related policies and laws.

Moreover, heritage buildings have always been and will continue to be subject to
interactions with their natural environment. Climate change is an additional potential
threat, as it exacerbates the expected rates of decay and contributes to the acceleration of
the deterioration process. Over the second half of the 20th century, climate change has
greatly affected conservation strategies and the need to adapt to climate change has become
increasingly apparent, a fact that has affected design considerations in this study.
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2. Approaches to Heritage Conservation and Current Research
2.1. Environmental and Climatic Considerations for the Conservation of Patmian Urban Houses

Sustainability concerns have had a central role over the last 50 years and, indeed, have
positioned themselves at the center of the debate regarding conservation methodology. In
the global context of increasing pollution, climate change, and the growth of the tourism
industry, the above concerns are becoming even more important, as their negative effects
can be felt and seen on monuments even by ordinary people and even on remote Greek
islands in the Aegean Sea.

UNESCO’s Recommendation on the Historic Urban Landscape reflects the global
concern to reach an equilibrium that takes into consideration historical, cultural, ecological,
and social aspects. Therefore, legislation adopted by Greek governments aims at avoiding
the transformation of cities and cultural centers into “open air museums” and ensuring
that the living sustainable “historic center” approach prevails.

In the above context, climate change has proven to be an increasingly difficult challenge
while planning building conservation on small Greek islands. Heritage buildings in this
region generally suffer from accelerated deterioration due to changing weather patterns, in
addition to destructive forces such as earthquakes, which used to represent the sole enemy
of cultural heritage architecture in the past.

On the island of Patmos, monuments suffer from various natural factors; for example:

• Intense winter winds;
• Strong summer sunlight exposure;
• Fluctuations in temperature and heating–cooling cycles with temperature differences

ranging way over 15 ◦C in 24 h in autumn;
• Salt crystallization cycles and increased relative humidity;
• Electrochemical factors;
• Biological factors;
• Seismic activity.

All of the above result in accelerated effects on masonry of the type found in Patmos,
especially when clay-based mortars are used.

2.2. Reuse versus Adaptive Reuse for the Conservation of Patmian Urban Houses

Internationally, reuse of heritage buildings is regarded as a sustainable option offering
a twofold advantage: (i) the production of demolition waste is avoided and the use of new
materials is limited, and there are also reductions in transport, energy consumption and
pollution since the lifespans of structures are prolonged [4]; and (ii) the preservation of
collapsed or ruined buildings instead of their restoration/reconstruction can potentially
lead to the formation of abandoned areas resembling open air museums. Reuse of heritage
buildings offers significant environmental benefits in terms of energy savings, lowering
the carbon footprint of structures and reducing life-cycle costs, as substantial amounts of
building materials can be reused in an effort to maintain the originality of the structure. At
the same time, it offers social and economic advantages [5] and fosters the achievement of
circular economy goals [6]. Studies on various components of sustainable development with
regard to the reuse of historic structures have identified four key elements; social, economic,
environmental and political–institutional elements [5]. The economic and environmental
advantages have already been discussed. With respect to the latter, while Greek legislation
forbids the construction of new buildings on empty land plots, it does in fact encourage the
restoration of existing ones, no matter their architectural preservation status. Restoration
is undertaken by means of both conservation of non-collapsed parts of buildings and
reconstruction of the remaining collapsed parts, so that a closed shell is created and the
building can be inhabited, used and protected while, at the same time, architectural form is
controlled and preserved on the larger urban scale.
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With respect to the social advantages, this approach also holds strong anthropocentric
value, since the urbanization of remote islands (instead of the accumulation of large popu-
lations in the capital, Athens, and other major Greek cities) is encouraged for individuals
who own property, even if it is in a partially collapsed state. Along with tangible values,
intangible values are also enriched, since the social aspect is enhanced by bringing more
inhabitants back to the remote islands. Urban regeneration and increased attractiveness are
key issues in the social and economic prosperity of remote islands.

Reuse of historic structures and areas is directed by a number of different strategies in
the field of urban preservation in an effort to control overtourism, which brings excessive
pressure to historic areas and undoubtedly governs the main economic activities in the
respective historic centers [7–9]. A number of successful and less successful (due to lack of
infield research) examples of large reuse projects can be found in literature [10].

Some researchers also suggest “adaptive reuse” for even more pronounced social
benefits. The term can be broadly defined as “any building work and intervention to
change its capacity, function or performance to adjust, reuse or upgrade a building to suit
new conditions or requirements” [11]. This approach is rooted in the 1800s, with Eugene
Emmanuel Viollet-le-Duc (1814–1879) recognizing it functions as a way to preserve historic
structures. Significant scientific arguments have been presented since the 1800s, with
some scholars objecting to the main principles and others expanding on various theoretical
approaches [12,13]. A thorough discussion of the key 19th and 20th century conservation
theories on contemporary adaptive reuse of heritage buildings has been published by
Mehr [14] and various opposing theories have also been presented [10]; however, these lie
beyond the scope of the present paper.

A significant number of examples of adaptive reuse can be found in the literature.
Typically, adaptive reuse case studies particularly stick to changes in uses. Two of the
following examples are UNESCO-related, whereas the third example refers to an area near
an ancient Greek city:

• In Hong Kong, the Bethanie Chapel built in 1875 as a sanatorium by the Paris Foreign
Missions Society has been transformed into the Academy for Performing Arts and
reopened in 2006. At the 2008 UNESCO Asia-Pacific Cultural Heritage Awards, the
project received an Honourable Mention in recognition of the efforts made for its
successful restoration and conservation [5];

• Again in Hong Kong, the Central Ordinance Munitions Depot, a military facility for
storing arms and munitions during the Sino-Japanese War, was built by the British
Royal Engineers in 1937 and has been transformed into a clubhouse. This project,
which started with the submission of a proposal in 2002, received the Award of Merit
by UNESCO in 2007 [5];

• The small village of Umm Qais in Jordan, near the ruins of the ancient Greek city of
Gadara, comprised of urban houses, was acquired by the Ministry of Tourism and
Antiquities of Jordan and was converted into a multi-functional village with cafeterias,
restaurants, a library, etc. [15].

The list of heritage buildings that have undergone “adaptive reuse” around the globe is
indeed very long. In Europe, such projects have been studied from a number of viewpoints,
such as the construction challenges of adaptive reuse of the following four structures: (i) the
Musee d’Orsay, Paris, 1986; (ii) the Tate Modern Museum, London, 2000; (iii) the Alter Hof,
Munich, 2005; and (iv) the Maritim Hotel Erlweinspeicher, Dresden, 2005 [16]. More factors
affecting the adaptive reuse of 16 abandoned or disused European heritage structures are
discussed in the literature [17].
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However, in the case of privately-owned urban houses, the original use of the building
can technically be maintained, and, in these cases, the Greek Central Archeological Coun-
cil [2] favors such an option, advising that, in fact, the restoration designs should aim at
maintaining the particular uses of the various spaces of the houses where possible. At the
same time, when maintaining the use of a structure, the conflict with the local community
that can occur in “adaptive reuse” cases is avoided [18,19], as is the need to determine
new urban forms [20] or acquire additional permissions for the new uses [21,22], while the
continuity of local community life is encouraged [23]. Lastly, particularly in the case of
UNESCO protected areas and structures, only very conservative approaches are allowed
by the Greek government. For this reason, we based our design on the “reuse” strategy,
which we deploy and explain extensively in the following sections of the paper.

The current paper is structured as follows:

1. The site is presented through the analysis of the typology and morphology of Patmian
urban houses in order to assign it to a specific category. A thorough description is
offered using a number of architectural drawings, the various construction phases are
explained and the documentation of the urban house is presented. Each area of the
two floors is individually described in greater detail in order to define the exact uses,
which will be maintained in the “proposal” design;

2. The pathology of the structure and deterioration due to environmental attacks are
presented through selected photographs and related discussion;

3. A discussion on the reversal of the pathology by merging the architectural, structural
and mechanical engineering design requirements together with the strict restoration
principles is offered;

4. The proposal for the restoration of the site, using architectural and structural drawings
that were submitted to and approved by the Central Archeological Council of Greece,
is discussed;

5. Concluding remarks are provided.

3. Current Condition of the Urban House

The building is one of many found today in dilapidated condition in Chorá on the
island of Patmos. It is located in the center of the settlement, southeast of the monastery of
Saint John the Theologian, and it has a total plan area of 91.84 m2. It should be noted that it
is privately owned.

Although the original design has not been extensively altered during the lifespan of
the building, many later additions have taken a toll on its original form.

3.1. Typology and Morphology of Patmian Urban Houses

The building materials that were historically used on the island were those that could
be locally sourced, excluding timber, which was scarce.

Two stone types are available on the island: granite-based stones and limestone.
Granite-based stones were initially used for masonry walls, but they were rarely used in
subsequent years as they were difficult to process and cut into preferred shapes, instead
being mainly used as corner stones.

The mortars used were mainly pozzolanic. When water-proofing was needed, the
formulations typically included volcanic ash, brick dust and local sand mixed with lime
and water. For stone mortar and plastering, quartz sand or pumice ash was used instead.
Wood was used for doors and windows and timber for flooring members.

Residential buildings on the island of Patmos developed around the rectangular single-
room house type. The oblong-shaped space had two functional sub-spaces, one for common
house work and living and one that functioned as sleeping quarters. The entrance opened
to the internal garden, where a cistern and a kiln could be found.
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On the narrow sides, window openings were positioned towards the internal garden
to properly light the internal spaces. Openings in the sleeping spaces and the longer sides
were not very common.

The further development of the above-mentioned house type gave way to the two-
level Patmian house type, a typology that is mostly observed in the Chorá settlement. In its
simplest form, the kiln area was covered, leaving the rest of the internal garden exposed, in
which a staircase that led to the second level was placed, forming a semi-exposed space
above the kiln. The sleeping space was moved to the upper floor, leaving the ground floor
to be used as a multi-purpose space or for storage.

The placement of the second level created additional needs for ground floor lighting
and ventilation, leading to the creation of the high-positioned traditional windows found
in most houses in Chorá.

The openings caused a security concern and, when the shutters were closed, the light
and ventilation provided were minimal. The shutters consisted of solid wood and opened
towards the interior of the house. Later on, when glass windows were introduced, solid
shutters were less often used.

Timber members supporting the roofing were mostly cypress trunks to make covering
of long spans feasible. Smaller members were placed above them in the opposite direction,
on top of which canes were attached by means of a seaweed and soil/clay mixture.

Floors followed the same construction technique, substituting clay with wooden
boards or ceramic tiles.

The garden and the ground floor spaces were covered with ceramic tiles in various
sizes (Patmian tiles).

3.2. General Description, Construction Phases and Documentation of the Current Urban House

The inscribed date of 1850 (Figure 4) found on the lintel of the main entrance most
probably corresponds to the original construction date of the house. The house features
some later-dated additions, but there is no evidence of extended reconstruction in the past.
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The house belongs to the two-level Patmian house-type architecture, with all its spaces
following the hierarchy of this building type. The entrance opens to the internal garden,
as shown in Figure 5 (space X01), where a cistern and a staircase that leads to the second
level are located. On the eastern side, the covered part of the internal garden can be found,
which includes a kiln and a fireplace. An enclosed space that is separated from the rest of
the house by an arch can also be found on the lower level (spaces X02 and X04). The living
space and the bedroom were located on the upper level. A short opening also connects the
kiln area with space X03.

In subsequent years, a separating wall was constructed to create a second internal
garden (space X04); the central arch was partially blocked, probably to prevent structural
deterioration; and an opening was placed in the middle between spaces X02 and X03
(Figure 5).

All spaces on the ground floor are on the same level, with space X04 being the sole
exception. The upper level was 3.15 m higher.

The original mortar used, parts of which can be found all across the building’s masonry,
is clay-based. The interior plastering has not survived, except under the external staircase
where a sink was probably placed, so the plaster is made of hydraulic lime. The same
plaster was used to waterproof the cistern.

External plaster can be found on the eastern elevation and consists of a thin layer of lime.
In November 2018, soil and vegetation were removed and the internal spaces were ex-

cavated, bringing to the surface most of the architectural elements that were buried after its
collapse. The architectural plan was almost clear and consisted of the areas described below.
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3.2.1. Space X01, the Internal Garden

The internal garden is on the eastern side. The entrance opens to the garden, where
a cistern and a 14 step staircase that leads to the second level are placed (Figure 6). The
covered part of the garden is located further south, which includes a kiln and a fireplace.
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The stair is supported by a vault where, judging by the plaster that can be seen today,
a sink was probably placed.

The chimneys for both the kiln and the fireplace end up in a common path ending at
the eastern elevation.

On the west side, traces of an old, small window opening of 0.92 m in width can be
seen opening towards space X02, as well as a narrow, short door opening of 1.60 m on
the far south of the same wall, opening towards space X03 and bearing a wooden lintel
(Figure 6).

The main entrance on the eastern elevation bears a monolithic stone lintel, which has
a width of 1.12 m and a height of 2.16 m and, on the exterior sides, an inscription with the
year 1850 is visible (Figure 4), probably the date of the initial construction.

The construction is mostly uncoursed rubble masonry, except the northeastern corner
stones, which are rectangular and coursed.
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The arch supporting the vault underneath the staircase is made up of nine stones,
while, on the arches of the kiln and fireplace, bricks were used. Bricks were also used for
local repairs of the masonry.

The northern masonry wall was constructed using rectangular and mostly coursed
masonry, with three corbels remaining today 2.11 m above pavement level. They protrude
0.15 m from the masonry and indicate that the second level had a small overhang over the
ground floor.

Above the kiln, traces of the timber construction of the second floor are still visible today.

3.2.2. Space X02, the Main Space

This was the main space (Figure 7). On the southern part, a large arch with a span of
6.18 m and a height of 2.7 m was constructed dividing the space into two. Thirty-seven (37)
stones make up the arch that supports the loads of the second level. The arch was partially
blocked using rubble stones in subsequent years.
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Figure 7. Northern view of the building.

On the eastern side, a 0.62 m wide wall was constructed, where traces of two 1.14 m
wide window openings and a 1.25 m wide door opening can be found. The wall was a later
addition that reduced the area of the main space and introduced a second garden in the
west side.

The northern masonry wall of space X02 was constructed with dry rubble masonry in
contrast to the rectangular and coursed masonry of the northeastern corner. This part was
constructed in recent years to act as a retaining wall for the collapsed building material.

On the west, three steps leading to space X04 can be found.

3.2.3. Space X03

On the northern side of the space, which is located in the south of the building, the
above-mentioned arch that separates it from space X02 can be found, while, on the southern
side, the masonry is shared with the neighboring collapsed house, though today it retains
the soil and stones on the opposite side. Part of the wall is based on a large rock formation
(Figure 6). On top of the wall, small square cavities that supported the timber construction
can be found.
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The narrow door opening towards space X01 is located on the eastern side, while
further south the high-positioned 1 m wide traditional window was constructed to act as
ventilation shaft connected to the second level window, which also provided natural light
to this dark space on the ground level.

On the western side, the reinforced concrete wall of the neighboring contemporary
building can be seen today.

On the northeastern side of the space, traces of Patmian ceramic tiles can be found.

3.2.4. Space X04, the Second Garden

The floor level in this space is 0.55 m lower than the rest of the house. It was created
in subsequent years after the original construction, following the partial block of the main
arch between spaces X01 and X02. It was created through the construction of a wall in
space X02. Its purpose was to create a second garden in the western side (Figure 6).

On its west side, the space ends with the reinforced concrete wall of the neighboring
contemporary building.

3.2.5. Northern Elevation

The northern elevation has mostly been destroyed. In its place, a masonry wall
was recently constructed from dry (without any mortar) rubble masonry, which acts as a
retaining wall for the collapsed building material (Figure 7).

The only original part of this elevation is the northeastern corner, constructed us-
ing the rectangular and coursed masonry up to a height of 2.70 m, while 2.35 m above
pavement level, the three remaining corbels that supported the second level are still in
their original positions.

3.2.6. Eastern Elevation

The eastern elevation, in contrast to the northern one, remains mostly intact. It reaches
a height of 3.57 m above street level (Figure 8).
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The main entrance door opening is located on the northern side of the elevation at a
height of 2.16 m. The wooden door is also preserved, although in a deteriorated condition,
but its form and design are perfectly visible.

The chimneys of the kiln and the fireplace open onto the elevation, which is constructed
using rubble masonry, except for the northeastern corner.
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3.3. Pathology of the Structure

The urban house is currently in ruins. The entire second floor has collapsed and,
among the external walls, only the eastern (masonry wall labeled Λ1 and Λ2 in Figure 5)
and southern (masonry wall labeled Λ9 in Figure 5) ones are the originals, both showing
significant permanent deformations and rotations from the vertical positions. Of the
internal original walls belonging to the first construction phase of the structure, those
labeled Λ3 (also shown in Figure 9a) and Λ4, Λ5, Λ6 and Λ7 (photos of which are shown
in Figure 9d) in Figure 5 are also in a very bad condition.
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Η σύγχρονη λιθοδομή που 
κατασκευάσθηκε πρόχειρα εν ξηρώ ως 
ανάλλημα στα προϊόντα εκσκαφής στο 
εσωτερικό της οικίας

Σε μεταγενέστερους χρόνους 
κατασκευάσθηκε λιθοδομή για 
να δημιουργηθεί δεύτερο 
αυλιδάκι

Το μερικώς σήμερα 
σφραγισμένο τόξο

Σε μεταγενέστερους χρόνους, το κεντρικό τόξο, πιθανώς για δομικούς λόγους, σφραγίσθηκε εν μέρει και 
μετατράπηκε σε θύρα, ενώ επίσης προστέθηκε ένας επιπλέον τοίχος στη δυτική πλευρά για να δημιουργηθεί ένα 
δεύτερο αυλιδάκι

Pathology

b c d

a

Figure 9. Characteristic pathology of the building: (a,c) internal walls, (b) northern external wall, and
(d) arch.

As shown in Figure 9b, the contemporary external masonry wall on the northern side
of the house was built dry without mortar to act as a retaining structure for the demolition
waste in the interior of the house. In subsequent years after the initial construction, a
separating wall was constructed to create a second internal garden (Figure 9c). At the
beginning of the 19th century, the central arch was partially blocked (Figure 9d), probably
to prevent structural deterioration, and a door opening was placed in the middle.

It has already been stated that the building belongs to the two-level Patmian house-
type architecture. The entrance opens to the internal garden, where a staircase leading to
the second level (Figure 10a) and a cistern (Figure 10b) are placed. The side wall of the
staircase has rotated by approximately 10 degrees from its original vertical position.

On the eastern side, a covered internal garden can be found, which includes a kiln and
a fireplace (Figure 10c). An enclosed space separated from the rest of the house by an arch
can also be found on the lower level. The living space and the bedrooms were located on
the upper level.

On the northern elevation, three stone corbels can be found (Figure 11a), proof of the
long-lost terrace on the upper level. They extend 15 cm from the masonry edges to create
a larger space above. During excavations, five more similar corbels were unearthed, in
addition to a number of squared and semi-squared corner stones (Figure 11b).
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Το κτήριο ανήκει στον οικείο για την πατμιακή αρχιτεκτονική «ανωγοκάτωγο» τύπο. Η θύρα εισόδου οδηγεί στο αυλιδάκι, όπου διατηρείται 
η κλίμακα ανόδου προς τον όροφο και το στόμιο της στέρνας. Στην ανατολική πλευρά του ισογείου υπήρχε ο συνήθης ημιυπαίθριος
στεγασμένος χώρος με τον φούρνο και την εστία και ένας κλειστός ενιαίος χώρος διημέρευσης, διαρθρωμένος με ευρύ τόξο. Ο χώρος του 
ύπνου και η σάλα θα βρίσκονταν στον όροφο

Στην ανατολική πλευρά του ισογείου υπήρχε ο συνήθης ημιυπαίθριος στεγασμένος χώρος με τον φούρνο και την εστία

Pathology
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floor
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10

Εξωτερικά σώζονται τρία (3) φουρούσια που υποδηλώνουν ότι υπήρχε επάνω από την αυλόπορτα αυλή ορόφου, τα 
οποία εξέχουν 15 εκ., ώστε να διευρύνεται η επιφάνεια της βεράντας. Κατά την ανασκαφή και απομάκρυνση των 
μπάζων περισυλλέχθηκαν ακόμα τέσσερα (4) φουρούσια (όμοια των τριών που υπάρχουν), εννέα (9) πέτρινα 
μαντώματα, γωνιακοί λίθοι, ημιλαξευμένοι και λαξευμένοι, της τοιχοποιίας της κατοικίας, που αποθηκεύτηκαν εντός 
του ακινήτου και παραπλήσιου οικοπέδου

a b

Pathology

Figure 10. Characteristic pathology of the building in space X01, (a) staircase leading to first floor,
(b) the cistern and (c) the cook stove.
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Figure 11. Characteristic pathology of the building: (a) northeastern corner of the property and
(b) stone elements revealed in excavations.

In the two section drawings below, the inclination of the eastern external wall is
evident (Figure 12), as well as that of the southern external wall (Figure 13).

As expected, due to the seismic activity in the region, extensive cracking can be
witnessed in all remaining exterior and interior masonry walls.
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Figure 12. Section A-A—characteristic pathology of the building. 

 

Figure 13. Section Γ-Γ—characteristic pathology of the building. 
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2. Utilize traditional building techniques while improving them as required with the 

use of contemporary materials; 

3. Target the highest possible reversibility and the use of high-strength materials that 

are also compatible with existing materials; 

Figure 12. Section A-A—characteristic pathology of the building.
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Figure 13. Section Γ-Γ—characteristic pathology of the building.

4. Discussion on the Merging of Architectural, Structural and Mechanical
Engineering Requirements

Taking into consideration the Venice Charter for the Conservation and Restoration of
Monuments and Sites [24], along with all contemporary theories and charters on conserva-
tion and restoration of monuments, the basic principles of the design aimed to:

1. Sustain and improve the original historic elements of the building;
2. Utilize traditional building techniques while improving them as required with the

use of contemporary materials;
3. Target the highest possible reversibility and the use of high-strength materials that

are also compatible with existing materials;
4. Avoid the loss or destruction of original material that holds historic evidence while

reusing as much as possible of the original salvaged materials and structural elements;
5. Restore the building to its 19th century form (Figure 14), with conservation and

restoration of the ground level to its current morphology and reconstruction of the
collapsed first level.
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Figure 14. Three-dimensional (3D) representation of the proposal for the restoration of the building.

The building is recognized as a part of a historic organic unity and plays a significant
role as a connecting element and an irreplaceable unit of the historic center of Chorá on
Patmos. The shell and layout of the floors can be proven to represent the characteristic
typology of the urban houses in Chorá, as extensively discussed in Section 3.1 of this paper.

Following the “triple R” approach for restoration proposals proposed by ICOMOS [24],
it was decided that the restoration proposal should be:

• Recognizable (the reconstruction easily restores original features from the original);
• Respectful (the reconstruction is as similar as possible to the original);
• Reversible to the greatest extent possible [25].

In other words, all the interventions were aimed at respecting the morphological,
functional and structural characteristics of this type of structure.

Ensuring continuity, integrity and durability with respect to original architectural
features was considered imperative in the Amsterdam Meeting in 1998 [26]. Furthermore,
the concept of “management of change”, as described in the Charter of Krakow, has been
developed into the “management of continuity and change” by scholars and restoration
specialists [26], stressing the importance of the preservation of continuity in historical sites
and areas [27]. Following this concept, it was decided to maintain the exact uses of each
distinct space, as described in Section 3.1. Furthermore, the exact number of openings was
also maintained, the exact floor height was adopted and building techniques that would be
closer to the traditional techniques were taken into consideration.

However, five specific characteristics limited the available restoration strategies:
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• The very bad condition of the two remaining external walls (Λ1 and Λ9);
• The collapse of the second floor;
• The need to design the intermediate level with timber, following the traditional con-

struction techniques;
• The high seismicity of the island, which has a peak ground acceleration (PGA) of

agR = 0.16 g [28];
• The proximity to a modern house with a reinforced concrete frame to the west.

Restoring the ground floor and reconstructing the first floor with all external walls
made of masonry was the first scenario considered. However, preliminary analyses showed
that the response of the structure under high seismicity and the low behavior factor (also
known as the q-factor) of 1.5 were, according to Eurocode 8 (EC8) [28], inadequate. Indeed,
the displacements exceeded the allowable limit and the fact that the west wall of the
restored structure would be in contact with an existing reinforced concrete wall of the
adjacent property posed additional restrictions on displacements. Therefore, all walls
would have to be strengthened if the structure were to pass the current design provisions.

However, following the “triple R” approach to restoration proposals described by
ICOMOS [25] and due to the non-reversibility of both the following procedures over the
entire area of the walls:

• fibers or resins for the strengthening of walls were avoided—natural grouts were
preferred instead, even though the mechanical properties offered were lower;

• sprayed concrete (also known as shotcrete) for the strengthening of the walls
was forbidden.

Therefore, and in order to make the reconstruction distinctive, the west wall, which
would have no openings since it would be in touch with the neighboring building, was
proposed to be designed and constructed with reinforced concrete. Tie beams of reinforced
concrete running at the top of each floor lever would be connected to the reinforced concrete
wall—as well as the roof of the new structure, which would also be built with reinforced
concrete—together with the creation of a reinforced concrete raft foundation connected to
the masonry foundations of the existing original walls from the first construction phase
of the building. In this way, all earthquake design provisions would be satisfied and
the new structure could maintain its originality. Moreover, structural members made
of contemporary materials (reinforced concrete) would stand out, following the Venice
Charter statement that “ . . . any extra work which is indispensable must be distinct from
the architectural composition and must bear a contemporary stamp” [24]. Details of the
structural design are discussed in the following section.

Last, but not least, in terms of mechanical engineering-related requirements, the intro-
duction of a contemporary heating, ventilation and air conditioning (HVAC) installation
was imperative. However, it was desired that the external units, which would be placed
best on the roof, should not be visible from street level. Given that it was decided that the
roof would be made of reinforced concrete, the conditions would be satisfied by creating
a split-level slab on the roof slab only for the area in which the units would be installed.
Details on the positioning of the equipment are discussed in the following section.

5. Restoration and Reconstruction Design in Ultimate Preparation for Future
Climate Scenarios
5.1. Design Verification Approach

As mentioned above, settlement construction activity in Chorá is controlled and
monitored by Greek laws that in fact forbid any new construction, with the only exception
being the conservation and restoration of existing buildings. Therefore, there are strict rules
for the restoration of any structure enclosed within Chorá.



Heritage 2022, 5 3117

As most uninhabitable houses in Chorá date back to the 1800s, the majority are in a
dilapidated and collapsed condition.

The above entails design solutions that include a combination of conservation of
sustainable parts and reconstruction of missing or collapsed parts that should integrate
harmoniously with the whole, taking into account the need for the use of modern techniques
to improve the inadequate (by today’s standards) traditional ones for conservation and
construction. This also includes the need for contemporary mechanical equipment and
plumbing (MEP) solutions.

5.1.1. Architecture and Form

The type of the house is clearly identifiable from the remains of its ground floor plan.
The external walls form a boundary that clearly indicates the architecture of the ground
floor. The plan of the first floor also follows that of the ground floor, while the presence of
an external staircase, together with the remaining corbels, gives a good idea of the original
form of the split terraces.

The level heights are well-documented, as some of the timber members above the
kiln have survived the collapse, giving exact measurements of the clear height of the
ground level.

The clear height of the first floor follows that of the ground floor.

5.1.2. Openings

Ground floor opening positions and widths are also clearly identifiable, while the
height and proportions can be derived from similar buildings that survive today. The form,
position and size of the high-positioned traditional window are also evident.

The doors to the terraces are a logical conclusion, while the windows on the northern
side can be derived from similar buildings as well.

5.1.3. Floors

The ground level floor and the intermediate floor were proposed to be placed at the
exact level of the original building. The materials used for the restoration were the same
as the ones originally used: ceramic tiles for the ground floor and wooden/timber for the
intermediate floor. The only improvement was the sound insulation.

The construction of the roof followed a different approach, as it was impossible for the
traditional seaweed approach to offer water/thermal insulation of contemporary standards
and it would need constant and yearly conservation. A reinforced concrete slab was
designed to provide the above while at the same time offering an enhanced structural
design for the house.

5.1.4. Walls

Original masonry construction was respected both in dimensions and form, with
the only exceptions being the construction of the reinforced concrete wall on the western
side due to structural concerns, as discussed below, as well as tie beams. The internal
partitioning of the first floor was proposed to be constructed with fully reversible dry walls.

5.2. Conservation Approach

Apart from the basic design principles, which were presented in the previous section,
once the materials forming the shell of the structure were chosen, as previously discussed,
the restoration proposal was focused on more detailed issues. The conservation work was
proposed to included:
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• Deep cleaning of masonry to clear deteriorated grouting;
• The partial removal of deteriorated masonry in the uppermost parts of the walls,

such as masonry Λ9 and Λ1 (original construction-phase walls), and the removal of
masonry Λ3 and Λ10, which were built at much later stages (Figure 5);

• Structural strengthening of the foundation with the use of a reinforced concrete foun-
dation beam;

• The construction of a drainage system internally around the building to reduce as-
cending moisture;

• The reuse of demolished material for conservation purposes for structurally strength-
ening masonry elements (Figure 15). Cracks will be repaired, depending on size, with
grouting, stone stapling or localized removal of surrounding material and cleaning
and re-introduction of fresh elements. Masonry will also be strengthened with the use
of compatible injection grouting, as discussed in a later section of the paper;

• The use of dry walls for the first floor plan would result in maximum reversibility
while minimizing the weight on the underlying structure;

• Maintenance of the external stone staircase and restoration to its original form, and an
internal timber staircase will be constructed;

• Construction of the intermediate floor with timber members according to the tra-
ditional, though enhanced, methodology. Double rockwool sound insulation will
be used. The ground level floor will be made of Patmian ceramic tiles based on a
reinforced concrete ground slab. The roof of the first level will consist of a reinforced
concrete slab with a nonbearing underlying timber structure similar to the intermediate
floor with additional water insulation;

• The reconstruction of wooden windows and doors.
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5.3. Detailed Description of Restoration Works
5.3.1. General Layout of Living Spaces

In Figure 16, all areas of the ground floor are denoted by the letters “XA” followed by
a number, whereas, in Figure 15, all areas of the first floor are denoted by the letters “XB”,
again followed by a number.

The original eastern entrance would be used again, leading to the internal garden
(XA01 in Figure 16). The stone staircase, the kiln and the small arch will be restored. Stone
replacement will take place only when absolutely needed, while priority will be given
to existing fallen material. The stone staircase will be restored by removing the deviated
members and restoring/replacing them as needed.

The living and dining room will be placed in space XA02 (Figure 16). Masonry part
Λ3, which was constructed without mortar in recent years to act as a retaining wall for
the collapsed building material, will be removed. Masonry part Λ2 (Figure 5), which is an
extension of Λ3, belongs to the original construction phase and will be retained.

The contemporary kitchen will be located in the eastern part of space XA03 (Figure 16),
while, in the western part, a timber staircase leading to the first level will be constructed.
The stones that form the central arch will be numbered, dismembered and reconstructed
with the exact same morphology using a temporary wooden frame.
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Figure 16. Ground floor plan of the proposal for the restoration of the building. 
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the external stone staircase in the internal garden through XB08, while access to the sec-
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placed in proximity to space XB01 to serve its needs. 

As mentioned above, all internal partitions separating the various spaces on the 

first-floor level will be made of light plasterboard dividers with intermediate insulation 

with stone wool in order to maintain the reversibility of the intervention and minimize 

the deadloads imposed on the intermediate floor. 

Figure 16. Ground floor plan of the proposal for the restoration of the building.
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The removal of the contemporary masonry Λ10 (Figure 5), perpendicular to the central
arch, is justified, as it is a requirement for the arch’s morphological restoration, which also
requires the clearing of the stones within the arch itself that block it.

Masonry Λ9 (Figure 5) constitutes the most deteriorated part of the building. It has
severely deviated from straightness in all axes. Taking into consideration its current and
future height and the loads it needs to sustain, which will also increase in the future as
the masonry is shared between this house and the house next to it, the restoration of
its geometry is essential. This will be implemented through the removal of the topmost
stones to the degree needed, and the material removed will be reused/replaced accordingly.
Strengthening of the masonry will follow with injection grouting/deep grouting. The struc-
tural strengthening of the foundation through the use of a reinforced concrete foundation
level beam will have to be implemented prior to the restoration of the masonry walls.

On the first floor, two basic sleeping spaces will be created, XB01 and XB02 (Figure 17).
Each space will have its own bathroom. Access to the first space will be provided by the
external stone staircase in the internal garden through XB08, while access to the second
will be provided by the internal timber staircase. A small kitchenette will also be placed in
proximity to space XB01 to serve its needs.
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Figure 17. First floor plan in the proposal for the restoration of the building. 
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As mentioned above, all internal partitions separating the various spaces on the first-
floor level will be made of light plasterboard dividers with intermediate insulation with
stone wool in order to maintain the reversibility of the intervention and minimize the
deadloads imposed on the intermediate floor.

5.3.2. Construction Details for Floors and Roof

The construction details, including all materials used, can be seen in Figure 17. In
detail, the architectural proposal included the following:

Intermediate floor
The intermediate floor will be based on 10 × 18 cm timber joists covered with 2 cm

Swedish-type wooden boards. Double stonewool sound-proofing will be placed on top
of the boards with intermediate wooden frames. Two-centimeter plywood will cover the
frame and act as a base for the finished two-centimeter oak floorboards.

Ground level floor
The ground level floor will be covered with Patmian ceramic tiles on a 15 cm reinforced

concrete ground floor slab lying on top of a 25–30 cm thick crushed stone layer. The crushed
stone layer will be divided from the natural ground with the use of a thick nylon sheet.

First level roof
The roof of the first level will consist of a reinforced concrete slab with a nonbearing

underlying timber structure similar to the intermediate floor, with additional 5 cm water
insulation. In between the timber and concrete structure, a 4 cm thermal insulation layer
will be placed.

5.3.3. Plastering and Coloring

The interior will be plastered with the use of cement-free lime-based pressed mortar.
The exterior will be coated with water-based white emulsion paint (Figure 16).

5.3.4. Doors and Windows

New wooden windows and doors will be added. Double-glazed windows will be
used while blue-gray colored shutters will be placed on the outer side (Figure 16).

5.3.5. Drainage

An internal drainage system will be constructed around the building to reduce ascend-
ing moisture. The trench will be covered initially with geotextile. A perimetric perforated
PVC tube will be placed inside and the trench filled with gravel. Finally, a second layer of
geotextile will protect the gravel, followed by the ground slab.

5.4. Structural Design—Material Considerations and Restrictions

The design aims to resolve the building’s severe structural problems by combining
traditional and contemporary techniques. The existing structural system of retaining walls
will be enhanced, and not replaced, by strengthening of the foundation, the partial removal
of deteriorated, deviated and off-tolerance masonry and, finally, their strengthening with
similar and compatible stones and application of deep (injection) grouting.

5.4.1. Masonry Walls and Other Elements

A large number of stones found inside the house during the excavation and cleaning
works have been collected, as shown in Figure 15. The proposal envisages the re-use of
this material after sorting for the construction of the damaged parts and those which are in
poor condition. The format will be similar to that of the existing sections. Mortar will be
used as a binder, compatible with the existing binder and according to the static study.
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The maintenance of the existing stone structures will be carried out through the restora-
tion of local damage, and their bearing capacity will be increased by repairing damage
and cracks locally where they appear in the pathology plans using deep jointing and stone
stapling. This will also be performed for local collapse, additions and reconstructions
where it is considered necessary by the supervising engineer.

Walls will be reinforced with grout based on white Portland cement and hydraulic
lime. The external masonry staircase will be restored and grouted as well.

Following EC-6 §3.6.1.2 [29], the characteristic compressive strength was taken as:

fk = K· f 0.7
b · f 0.3

m (1)

where K is a constant depending on the quality of masonry stones (EC6, table 3-3).

fm ≤ 20N/mm2 or 2 fb

fb is given in EC-6 §3.1.2.
Regarding the shear strength:

fvk = fvk0 + 0.40·σd (2)

where fvk0 is the characteristic initial shear strength under zero compressive stress [29], and
σd is the design compressive stress perpendicular to the shear in the member at the level
under consideration, obtained by using the appropriate load combination based on the
average vertical stress over the compressed part of the wall providing shear resistance.

From the literature [30], fvk0 = 0.20 N/mm2 (MPa).

5.4.2. Reinforced Concrete Elements, Tie Beams and Top Floor Roof Slab and Foundations

The proximity of the building to a contemporary neighboring house made of reinforced
concrete in the west added additional challenges in retaining the building’s structural
system. This led to the solution of constructing a reinforced concrete wall with a separating
joint to avoid problems in the case of seismic movements.

Concealed and reinforced concrete tie beams will be constructed at the top of each
floor lever. The beams will be anchored to the masonry using Φ12 anchors and they will
also be connected to the reinforced concrete west wall. The perimetric beam in the top floor
will be monolithically connected to the reinforced concrete top floor roof slab.

The structural strengthening of the foundation will be achieved with the use of a
perimetric reinforced concrete raft foundation (Figures 18 and 19).

5.4.3. Description of the Structural Model

The structure was simulated with a 3D model comprised of linear elements (Figure 20)
in the commercial structural analysis software FESPA, developed by the longest-running
structural software firm in Greece, LH logismiki [31]. Eurocode 8 [28] and Eurocode 2 [32]
were employed for the design. The authors are aware that more advanced models and
analyses exist for masonry structures, such as equivalent frame modeling of masonry [33,34]
or even discrete element analysis [35]; however, for a small-size urban house that also
needs tie beams and other reinforced concrete elements, FESPA software was preferred, as
it is time-saving, user-friendly and reliable.
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Figure 19. Eastern elevation in the proposal for the restoration of the building. 
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Figure 20. Three-dimensional (3D) representation of the structural model. 
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Figure 20. Three-dimensional (3D) representation of the structural model.

All material properties considered are given in Table 1. Dynamic response spectrum
analysis with mass transfer was performed according to §4.3.3.3.1 of EC8. The center of
mass of each floor was taken as displaced by the random eccentricity eai = 0.05 × Li, where
Li is the dimension of the building perpendicular to the considered seismic direction. In
this way, four independent models were available for analysis, in accordance with EC8-
1 §4.3.2. The four models had mass eccentricity of +x, −x, +z and −z. Moreover, the
seismic combination, as shown in Table 2, ran in the direction of 0◦ and 90◦. Hence, a total
of eight models were analyzed. Then, the calculation of the simultaneous values (with
maximums) of the bending moments and shear and axial forces was undertaken with
Gupta’s Absence [36], as described in EC8-1 §4.3.3.5.1(2)c.

The various live loads Q, QA, QB, QC, QD and QE are explained in EC2-1-1 §5.1.3(1)A(a)
and shown in Figure 21.
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5.4.4. Results of the Analysis 

The eigenperiods shown in Table 3 were calculated for a mass transfer at +X. 

Table 3. Loading combinations for the response spectrum analysis. 

Eigenmode (#) Eigenperiod (sec) X-Direction (%) Z-Direction (%) 

1 0.1056 21.155 28.414 

2 0.0743 49.394 26.527 

3 0.0501 11.354 31.194 

4 0.0442 0.080 8.942 

5 0.0362 13.283 1.750 

6 0.0265 3.247 0.335 

7 0.0242 0.792 0.124 

8 0.0220 0.000 0.236 

9 0.0187 0.399 0.000 

Similar results were obtained for the other seven models with a mass eccentricity of 

−x, +z and −z at 0° and 90°. An example of the various eigenmodes is given in Figure 22. 

 

Figure 22. Mass eccentricity +Z at 0°, exciting 49.12% of the total mass in the x-direction and 25.4% 

of the total mass in the z-direction. 
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Figure 21. Loads Q, QA, QB, QC, QD and QE.
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Table 1. Material properties.

Material Class

Concrete C25/30
Reinforcing steel B500C

Timber C24

Table 2. Loading combinations for the response spectrum analysis.

Load Combinations

G + 1.05Q
1.35G + 1.05QA
1.35G + 1.05QB
1.35G + 1.05QC
1.35G + 1.05QD
1.35G + 1.05QE
1.15G + 1.50Q

1.15G + 1.50QA
1.15G + 1.50QB
1.15G + 1.50QC
1.15G + 1.50QD
1.15G + 1.50QE
1.00G + 1.00Q

1.00 [G + ψ2xQ]
1.00 × G + ψ2 × Q ± 1.00{E[x] + E[z]}

5.4.4. Results of the Analysis

The eigenperiods shown in Table 3 were calculated for a mass transfer at +X.
Similar results were obtained for the other seven models with a mass eccentricity of

−x, +z and −z at 0◦ and 90◦. An example of the various eigenmodes is given in Figure 22.

Table 3. Loading combinations for the response spectrum analysis.

Eigenmode (#) Eigenperiod (sec) X-Direction (%) Z-Direction (%)

1 0.1056 21.155 28.414
2 0.0743 49.394 26.527
3 0.0501 11.354 31.194
4 0.0442 0.080 8.942
5 0.0362 13.283 1.750
6 0.0265 3.247 0.335
7 0.0242 0.792 0.124
8 0.0220 0.000 0.236
9 0.0187 0.399 0.000

Finally, the software output the reinforcing details for all the reinforced concrete
elements, as shown in Figures 23–25.
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Figure 22. Mass eccentricity +Z at 0◦, exciting 49.12% of the total mass in the x-direction and 25.4%
of the total mass in the z-direction.
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Figure 23. Steel reinforcement of members at the foundation level. 

 

Figure 24. Steel reinforcement of members at the ground floor (reflected ceiling) level. 

Φ8/30

Φ8/30

Φ8/30

Σ Φ10/15
8Φ18

TOP 8Φ18

FOUNDATION BEAM 80/80

Σ
 Φ

1
0

/1
5

8
Φ

1
8

T
O

P
 8
Φ

1
8

F
O

U
N

D
A

T
IO

N
 B

E
A

M
 8

0
/8

0

FOUNDATION

8
.8
6

12.61

8
.6
0

4.90
5.45

R.C. SHEAR WALL

  25/38

Σ Φ8/10
4Φ14

TOP 4Φ14

TIE BEAM
  25/38

Σ Φ8/10
4Φ14

TOP 4Φ14

TIE BEAM

Σ Φ8/10
4Φ14

TOP 4Φ14

  28/38TIE BEAM

Σ
 Φ

8
/1

0

4
Φ

1
4

T
O

P
 4
Φ

1
4

  
2
5
/3

8

T
IE

 B
E

A
M

Σ
 Φ

8
/1

0

4
Φ

1
4

T
O

P
 4
Φ

1
4

  
2
5
/3

8
T

IE
 B

E
A

M

TIMBER JOISTS 10/18
Φ10/20

Φ
1

0
/2

0

Φ10/20

Φ
1
0

/2
5

 B
O

T
T

O
M

5Φ12 BOTTOM

5Φ12 TOP

Φ8/25 TOP

Φ
1

0
/2

0
 T

O
P

Φ
8

/2
0

 B
O

T
T

O
M

18h=

Π1

18h=

Π2

18h=

Π3Σ Φ8/10
4Φ14

TOP 4Φ14

  25/4215.1Δ

Σ Φ8/10
4Φ14

TOP 4Φ14

  28/38TIE BEAM

Σ Φ8/10
4Φ14

TOP 4Φ14

  25/38TIE BEAM

Σ
 Φ

8
/1

0

4
Φ

1
4

T
O

P
 4
Φ

1
4

  
2
5
/3

8

T
IE

 B
E

A
M Σ
 Φ

8
/1

0
4
Φ

1
4

T
O

P
 4
Φ

1
4

  
2

5
/3

8
T

IE
 B

E
A

M

Σ
 Φ

8
/1

0
4
Φ

1
4

T
O

P
 4
Φ

1
4

  
2

5
/ 3

8
T

IE
 B

E
A

M

Σ
 Φ

8
/ 1

0
4
Φ

1
4

T
O

P
 4
Φ

1
4

  
2

5
/3

8
T

IE
 B

E
A

M

8
.8
6

12.61

8
.6
0

4.90
5.45

GROUND FLOOR REFLECTED CEILING

R.C. SHEAR WALL

Figure 23. Steel reinforcement of members at the foundation level.
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Figure 24. Steel reinforcement of members at the ground floor (reflected ceiling) level. 
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Figure 24. Steel reinforcement of members at the ground floor (reflected ceiling) level.
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Figure 25. Steel reinforcement of members at the first floor (reflected ceiling) level. 
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Figure 26. Section AA of the proposal for the restoration of the building. 
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Figure 25. Steel reinforcement of members at the first floor (reflected ceiling) level.

5.5. Other Design Restrictions

The introduction of a contemporary heating, ventilation and air conditioning (HVAC)
installation was deemed necessary. However, it was desired that the external units should
not be visible and compromise the esthetics of the external shell of the structure. It was
decided that the external units should be placed on the terrace, and the need to conceal any
mechanical systems on the roof was satisfied by creating a split-level slab on the flat roof
slab above the internal staircase. The area of the split-level slab was lowered by 0.88 m in
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order to encase it and render it invisible (Figure 26) from the street level. The drawings of
the roof plan view indicate the exact position and show the lower part of the slab (Figure 27).
The internal angle of the southwestern corner of the terrace was judged as optimal.
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Figure 26. Section AA of the proposal for the restoration of the building.
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Figure 27. Roof plan in the proposal for the restoration of the building. 

5.6. Budget Estimation 

Table 4 provides a budget estimation for the restoration and reconstruction work. 

Although the last two years have witnessed significant fluctuations in the prices of con-

struction materials, the authors still felt that it would be of some interest to present a re-
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Work Cost (EUR) 

Excavations 4000.00 
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Figure 27. Roof plan in the proposal for the restoration of the building.
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5.6. Budget Estimation

Table 4 provides a budget estimation for the restoration and reconstruction work.
Although the last two years have witnessed significant fluctuations in the prices of con-
struction materials, the authors still felt that it would be of some interest to present a
revised budget based on the costs of work on such remote islands as a reference for other
architectural conservationists.

Table 4. Budget for work.

Work Cost (EUR)

Excavations 4000.00
Backfilling 2000.00

Demolitions 3000.00
Reinforced concrete 15,000.00

Masonry walls 30,000.00
Masonry restoration/injections and grouting 20,000.00

Roof/floor construction 15,000.00
Dry walls 10,000.00
Rendering 4000.00

Doors/windows 8000.00
Wood work 2500.00
Insulation 2000.00

Stairs 4000.00
Paint 3000.00

MEP and HVAC 10,000.00

Total 132,500.00

5.7. Preparing for Future Climate Scenarios

The design solutions presented above also cater to future climate scenarios in the
following senses:

• Ingress of flood waters will be prevented by stabilizing the foundations with deep
grouting and constructing an internal drainage system around the building to reduce
ascending moisture;

• The collection of rain water from all levels and its storage in the original cistern offer a
sustainable water-supply system, and the water can then be used for non-drinking
purposes (e.g., cleaning, flushing the toilets, etc.).

Moreover, reducing the carbon footprint of the building will be achieved by using
both passive and active means:

• By restoring the grouting and applying rendering to masonry, in combination with
the large wall thickness, thermal insulation will be increased, thus reducing the total
energy consumption for both heating in the winter and cooling in the summer;

• By using efficient thermal insulation on the roof level, total energy consumption will
be reduced;

• By using double-glazed wooden doors/windows, the thermal insulation will also be
increased and thermal infiltration reduced;

• By using contemporary and energy-efficient HVAC systems, energy efficiency will be
improved by means of level separation, as the house can be divided and used partially,
thus reducing total energy consumption.



Heritage 2022, 5 3130

6. Conclusions

In the present paper, a rare case study of the conservation of an urban house con-
structed in 1850 in a current UNESCO protected area, the historic center (Chorá) of the
island of Patmos, was discussed. To begin with, a brief analysis of the historical evolution
of the boundaries of the Chorá settlement from AD 1132 until the 19th century was pre-
sented. Climatic deterioration factors applying to the area were listed, explaining the very
poor maintenance condition of the structure. A debate on the reuse and “adaptive reuse”
strategies for UNESCO protected monuments was employed as a medium leading to the
design choice in this case study, that of reuse.

Following a discussion of the theoretical approaches, the next section was devoted to
the description of the current condition of the urban house. The typology and morphology
were analytically portrayed, the construction phases up to the period of the abandonment
of the house were presented and a space-by-space analysis was provided, as the various
spaces revealed by the excavation work was discussed. This particular diagnostic step was
very significant as, in the restoration proposal, all established uses were maintained in the
design process. Following that, the pathology of the structure was defined so that it could
be reversed in the restoration proposal.

The merging of the architectural, structural and mechanical requirements was dis-
cussed through the lens of preparing for future climate scenarios. Following that, the
restoration proposal was unfolded, including a design verification discussion, a full anal-
ysis of the conservation approach and a detailed description of the restoration work,
which comprised:

• The general layout of the living spaces;
• Construction details for the floors and roof;
• Details of the plastering and colorings;
• Details of the doors and windows;
• Details of the drainage system;
• A complete analysis of the structural design considerations and restrictions;
• Details of masonry walls and other elements;
• Details of the reinforced concrete elements;
• A description of the structural model;
• A budget estimation;
• A description of the key elements that will render the restored urban house ready for

future climate scenarios.

The current paper offers solutions in cases in which a significant part of a structure
has collapsed, but there exist proofs of how the original structure stood.

This paper constitutes an example of a real-life conservation project. The authors aimed
to vividly demonstrate all the design aspects of such projects as the main contribution
of the current paper, hoping that it can be used as a reference for other architectural
conservationists around the world.
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