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Building System Characterization of
Traditional Architecture in Cappadocia, Turkey

Funda SOLMAZ SAKAR - Neriman SAHIN GUCHAN"

Abstract

Located in central Anatolia, Cappadocia pre-
sents a spectacular landscape created by char-
acteristic geology and architectural patterns.
Throughout the region an indigenous settle-
ment pattern has been generated by using rock
carving and masonry techniques. This article
aims to identify and characterize the building
system specific to this region and to analyze
it through a systematic study. For this analysis
more than twenty representative examples of
traditional houses from Urglip and the nearby
villages of Mustafapasa and Ibrahimpasa have
been studied in detail. System sections and
details of the buildings were drawn, and inter-
views were conducted with local masons who
are still working in the field. Therefore, every
building part is evaluated in terms of material,
technique, and relationship to each other.

Keywords: Cappadocia, Vernacular archi-
tecture, Construction technique, Traditional
house, Masonry building, Rock-cut architecture

Oz

Kapadokya Anadolu'nun ortasinda kendine
ozgl jeolojisi ve mimari dokusuyla etkileyici
bir kulttrel peyzaj alant sunar. Kapadokya’da
kaya oymacilik, yigma tekniklerle birlikte
geleneksel yapim tekniklerini olusturur. Bu iki
teknigin bir arada kullanilmasi, Kapadokya’da
bolgeye 6zgl bir yerlesim dokusu ve mimari-
nin gelismesini saglamistir. Bu ¢alisma bolgeye
6zgl bu yapim sistemini tanimlamak ve sis-
tematik bir calismayla analiz etmeyi amacla-
maktadir. Bu amacla Urgiip ve yakin koyleri
Mustafapasa ve ibrahimpasa’dan geleneksel
konutlari temsil eden 20’den fazla dérnek seci-
lerek detayli olarak calisilmis, sistem kesitleri
ve detaylart cizilmis, hala aktif olarak calisan
yerel yapt ustalart ile miilakatlar yapimistir.
Boylece geleneksel konutlardaki her yapi 6gesi
malzeme teknik ve birbirleri ile iliskileri bagla-
minda degerlendirilmistir.

Anahtar Kelimeler: Kapadokya, Vernakiler

mimari, Yapim teknigi, Geleneksel konut,
Yigma yapi, Kaya oyma mimari

Introduction

This article focuses on characterizing the building system evidenced in the Cappadocia, set-
tlement of Urglip and two nearby villages Mustafapasa and ibrahimpasa. In the first part,
Cappadocia is considered as a cultural landscape, and a brief description of the region’s

Funda Solmaz Sakar, M.Sc. Architect, Graduate Program in Restoration, ITU Faculty of Architecture, 34437, Beyoglu -
istanbul. E-mail: solmazfunda@gmail.com

Prof. Dr. Neriman Sahin Guchan, Graduate Program in Conservation of Cultural Heritage, METU Faculty of
Architecture, Universiteler Mahallesi, Dumlupinar Bulvari No: 1 06800 Cankaya-Ankara E-mail: neriman@metu.edu.tr

A shortened version of this study was presented at the 9™ International Conference on the Structural Analysis of
Historical Constructions (SAHC 2014, Mexico City). A summarized part relating to arches and walls was also pre-
sented at the 5" International Congress on Construction History in 2015 (SICCH, Chicago). This article is an extend-
ed version of both studies.
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geography and geology, history and local settlement culture, human and natural relations is
given. In the second part, a general description of traditional architecture in Cappadocia and
the nearby environment is presented. The methodology of the study is explained in the third
part. The characterization of the building system is laid out in the fourth part. Finally, the arti-
cle ends with a general evaluation and suggestions for future research.

Cappadocia Region as a Cultural Landscape

The region named Cappadocia is located in the center of Turkey and comprises five provinces
that contain several towns and villages sharing a common geological formation (Fig. 6a, 6b).
Nevsehir Province, which covers an area of approximately 5500 km? and includes dense, natu-
ral volcanic formations, is the core of the region. The geology of the land consists of numer-
ous polygenetic volcanoes and monogenetic cones spread throughout the region® (Fig. 1). The
climate in the region is very hot and arid in the summer and cold in the winter?. The geogra-
phy is formed by tuff layers of changing colors and mineralogical structures and is affected by
climatic factors®. Rain, wind and temperature differences between day and night have shaped
the land in various ways and created the colorful formations today called fairy chimneys and
badlands (Fig. 2).

Today Cappadocia is considered as an attractive natural property displaying a spectacular
geological landscape. The region has been settled since the early Christian period*, and many
monks lived in Cappadocia’s valleys in the Middle Byzantine period. Many rock-cut churches
and chapels were also built®. The churches of Tokali, El Nazar, St. Barbara, Sakli, Elmali, and
Karanlik are some of the most important churches in the region. Monastic life in the Christian
period of Cappadocia has been the subject of scholarly studies such as those of Giovannini®,
Rodley’, Ousterhout®, and Kalas’.

The settlement pattern and architectural style that developed in that early period affected
the subsequent settlement organizations. Some of the rock-carved spaces from this period are
still used as dwellings, shelters, and storage spaces for agricultural production!®. Together with
the masonry technique, the rock-carving technique also continued to be used to form residen-
tial and/or monumental architecture.

It can therefore be said that the importance of the region comes from its historic back-
ground, unique nature, topography, and land use. The landscape of Cappadocia has been
shaped as a consequence of human activities including changes in natural vegetation, land-
form, and hydrology as well as the generation of a man-made environment!!. This interaction
makes the region one of the most visible examples of cultural landscapes in which a strong

1 Toprak 1998.

Goreme Long-Term Development Plan 1968, 9.
Topal — Doyuran 1998
Rodley 1985.

> Kalas 2004, 101-119.
Giovannini 1971.

7 Rodley 1985.

8 Ousterhout 1995.
Kalas 2000; 2004.

10" Ozriirk 2010, 18-27,

1 Tyna Yinci 2015, 123.
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and interlocked relationship between human and nature is evident. The daily life-style of lo-
cal people, agricultural activities, connection with the nature, and methods of utilizing existing
geological material as well as nature itself are key points that formed the Cappadocia cultural
landscape (Fig. 3).

Hence, an important area of Cappadocia was designated as part of the World Cultural and
Natural Heritage in 1985, which cited the region’s natural features, historical background, and
traditional human settlement pattern. Although Cappadocia is one of the best examples of a
cultural landscape, it is listed as a cultural and natural site (mixed site) since the term “cultural
landscape” was not used by the World Heritage Center in the 1980s.

General Description of Traditional Architecture in Cappadocia and its Environs

Climate, topography, local building materials, agricultural productivity, and defensive re-
quirements were the factors that impacted the development of vernacular architecture!?. The
Cappadocia traditional house has been discussed in some studies. However, the majority of
these deal with house units and spatial features as well as the process of transforming these
houses into touristic facilities. The integrated usage of rock-cut and masonry construction tech-
niques found in this region has not been subjected to detailed and systematic study.

The most significant studies about Cappadocian traditional architecture include Erencin’s
doctoral dissertation that examined the renewal of Cappadocian traditional houses with tour-
istic purposes!3, Tatar Akman’s master’s thesis prepared at METU that focused on a preser-
vation and rehabilitation project in Mustafapasa'¥, and Ulusoy Binan’s doctoral dissertation
prepared at YTU that discussed a conservation method for the masonry houses in Giizelyurt,
Cappadocia®.

The region’s geology and rich history created a unique building tradition in Cappadocia. In
many of its rural settlements the impact of climate, topography, local building materials, and
agricultural productivity are very noticeable. The topography of Cappadocia has allowed its in-
habitants to generate an extraordinary settlement pattern and an indigenous architecture style.
The soft structure of the tuff makes it possible to easily carve out living spaces. Humans started
to carve these rock masses to provide spaces for basic requirements such as living, cooking,
and providing shelter for their livestock. Moreover, the need to find safety against attack was
a factor in founding entire settlements underground. The Cappadocian underground city com-
plexes are multi-level and allowed whole communities to survive potential attack for long pe-

riods of time!©,

Rock-carving is a significant activity in construction. It is accepted that the construction pro-
cess in Cappadocia started with carving out the tuff mass'”. When extra space was needed, the
carving would continue both in horizontal and vertical directions. People also wanted to use
the material which they had carved out from the tuff mass as a construction material. Thereby
stone masonry buildings began to be made adjacent to the rock-carved spaces from the

12 Kazmaoglu — Tanyeli 1979, 29.

13 Erencin 1979.

14 Tatar Akman 1985.

5> Binan Ulusoy 1994.

16 Erguvanli — Yiizer 1977, 15-17; Ayhan 2004.
17 Erencin 1979.
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carved-out material and also from stones of nearby quarries (Fig. 4). The general architectural
features of the traditional buildings are determined by the combined usage of carved spaces
and stone masonry spaces. In this way a remarkable architectural style in Cappadocia was gen-
erated over time'® (Fig. 3).

The traditional Cappadocian houses, the subject of this study, were built in the late 19"
and early 20" centuries as two- or three-storied buildings located on slopes. The plans of such
houses are not specialized for the purpose, as in other traditional houses in Turkey. There is
a main room and secondary rooms allocated for living and/or sleeping. A sofa, iwan, storage
spaces, and livestock areas are the other units forming a traditional house. The courtyard sur-
rounded by these spaces was the area for the women’s daily domestic duties. The cooking and
food preparation activities took place in the courtyard.

The tuff stone, which is the main construction material, has a soft structure when it is quar-
ried. It then becomes strengthened on contact with air. Because of this feature, it is used in
almost every part of the building including both architectural and decorative elements. Stone-
carved ornaments are characteristically found on the facades, especially those comprising
window frames and the cornices of floors and roofs (Fig. 5). Interior decorative elements such
as a sedir (architectural element on which to sit or lie), a seki (elevated platform in a room
separated from the room’s entrance), and a lambalik (element to place a lamp on) are also
constructed from local tuff stone.

Besides the main building materials of stone and rock, some secondary materials are used
in traditional houses. A limited amount of iron and timber may also be found in these houses.
Timber is mainly used for structural purposes such as beams in floorings and tie beams in the
walls. Besides these, window and door profiles are also built with timber. Although seldom
used, iron has a structural purpose as iron tie bars are used to reinforce the stone walls of the
upper floors.

Methodology

This study helps us understand the traditional building characteristics of Urgiip, Cappadocia.
Although several studies have discussed construction techniques in nearby regions', none of
them presents the dimension of building units and technical details. It is known that similar
studies which address traditional masonry houses examine “the way of construction” in ar-
chitectural perspective; however, expressions of construction technique and material cannot
measure up to rebuild the houses. One of the main differences between this study and pre-
vious ones is that the method used in this study gives information to rebuild the traditional
house by measuring and drawing the building details systematically. The other difference is
that our method proposes a new and different approach for the documentation of historic
buildings by using system sections to understand better the building units. The method applied
in this study was first used for timber houses of Birgi in Filiz Diri’s master’s thesis in 2010. This
method then was adjusted for traditional stone masonry houses of Cappadocia, which are the
irreplaceable elements of Cappadocia’s cultural landscape.

18 Rock-cut or -excavated architecture can also be seen in some other settlements such as Matera (Italy), Bulla Regia
and Matmata (Tunisia), Maresha (Israel), and Cirene (Libya) as mentioned by Bixio 2002.

19 Diri 2010; Tuncoku et al. 2015; Sagiroglu 2017; Sahin Giichan 2018.
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Understanding this local technique is of primary importance both for the preservation of
these buildings and to learn from this tradition. For these reasons this study aims to determine
the character of the building system used in the traditional houses of Cappadocia, specifically
in Urglip (Fig. 6¢). After an observational typological study in Ortahisar, Goreme, and Uchisar
(neighboring settlements of Urgiip), twenty partially demolished traditional buildings which
preserve original features were selected in Urglip and nearby villages (Figs. 6¢, 6d, 6e, 6f).
Urgiip was the earliest town in Cappadocia whose traditional buildings were listed in 1974;
however, the decision to conserve the entire region was taken in 1976%°. It can thus be said
that Urgiip has some representative vernacular buildings in its city center and surrounding
villages.

The criteria for selecting the houses are: they are representative examples of vernacular
architecture displaying material, form, and construction detail, being partially demolished in
order to make construction details visible, and able to present some different construction so-
lutions. The study aimed to select enough houses that all the variations of building techniques
would be displayed. Increasing the numerical amount of the houses was not the primary pur-
pose of the selection, but a wide range of variety of construction details was considered im-
portant. It was believed that the information gathered from the buildings would be repeated if
the number of houses studied was extended, since these twenty houses showed almost all the
variations in building characteristics in Urgiip.

During the field work, the construction system and techniques were studied in detail from
foundations to roof, as well as some other important architectural elements included in the
research. In addition to this work, demolished buildings where the debris was still extant were
also surveyed to collect data about the main sections of the structural system and to gather in-
formation which could not be seen under normal circumstances. Along with these direct and
in situ observations and documentations, two interviews were carried out with local masons
who are still working in construction. Some missing parts and social interactions related to the
buildings were obtained via these interviews.

To better understand the structural system and its building techniques, a methodology was
adopted by the use of system sections and detailed drawings that more clearly showing the
structural system. To determine systematically the building parts and to display differences in
these parts, a code system was generated (Fig. 7a). These codes were used in the system sec-
tions to understand where the construction technique is changing. After coding the horizontal/
vertical structural elements and their connections, it was possible to observe that some varia-
tions may occur in the different levels of a single building element. To be able to see this di-
versity, building elements were classified according to their location (e.g. lower, middle and/or
upper part of the wall). Thus a code system was developed as follows:

Parts of the building were coded from foundation to roof with appropriate abbreviations
(e.g. FD-foundation, W-wall, Wn-window). Ground floor and first floor vertical structural ele-
ments such as walls were coded to show three parts which represented the lower, middle,
and upper parts of the element (e.g. G1, G2, G3, F1, F2, and F3) (Fig. 7b). The purpose of this
type of coding was to understand whether the construction system varies at the lower, middle,
or upper part, or not at all. Different details were shown with varying subscript numbers. For
instance, the code “FD,” indicates the first type of foundation. When the foundation detail is

20" Conservation decision date/number: 09.03.1974/7737
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varied, the code adds further numbers like “FD,, FD,” (Fig. 7b). After the whole building parts
of the studied houses were coded in this way, all coded data were transposed to a table which
shows all the buildings and details at the same time. All details of a single house, the total num-
ber of types, and all variations of a building part can be found in this table. Futhermore, it is pos-
sible to see how many types the wall has or in which houses wall type 3 exists (Fig. 7¢).

Characterization of the Building System of Traditional Houses in Cappadocia

Foundations are one of the most difficult building parts to survey since they are not visible.
Although the foundations of four houses were not reachable, the details of twenty-eight foun-
dations were studied in sixteen houses. Surveys show that foundations of traditional houses in
Cappadocia are formed according to the ground conditions. Most of the foundations are made
of the base rock itself or are comprised of foundation walls made either entirely of stone or
of stone and rock, or entirely of rock. The width changes according to the masonry wall set
upon the foundations, and the height depends on the ground’s condition. Foundations can be
defined into four groups according to classifications done by considering material, width of
foundation walls, height of foundation walls, connections with rock ground, and relations with
inner and outer space levels.

The first type is the rock foundations seen in eleven examples (39%) and is one of the most
common types of foundation in Cappadocia (Fig. 8).

The second type is that known as canal foundations, in which rock is shaped like a canal
and a stone wall is constructed into this canal. This wall acts as a footing which is approxi-
mately 80 cm in width and 40 cm in height. It is also seen that the floor is raised 60-100 cm
from the ground in order to generate a level difference between the inner and outer space.
This type is seen in only one example (Fig. 9).

The third type is shallow foundations, which are seen in thirteen examples (46.5%) built in
two different ways. In the first, usually seen in houses located on level ground, the foundation
walls sit directly on the base rock. Construction of the foundation starts with opening gaps of
approximately 40 cm on the rock. The dimension of the gaps changes according to the struc-
ture of the ground. The foundation walls are then raised 30-40 cm upon these gaps up to the
ground-floor level, thereby a 70-80 cm level difference emerges between the inner and the
outer ground level. This level difference protects the house from rising damp and bad weather
conditions such as rain and snow. The thickness of the foundation walls ranges between 40 cm
and 70 cm. If the outer faces of the foundation wall can be seen from the outside, then these
faces are constructed with fine-cut stone, while the inner faces between rock and outer faces,
which are not seen, are constructed with rough-cut stone (Fig. 10).

In the second way, shallow-inner foundations are constructed by opening a 50 cm indent
and bonding a single row wall on the rock ground. In houses that are built on these founda-
tions, it is possible to see some rock beneath the wall on the building facade. The level differ-
ence between the inner and the outer space is not large (Fig. 11).

The fourth type — deep foundations — is seen in three examples (11%) and may also be built
in two ways. In the first way, deep-slope foundations are used for buildings located on steeply
sloping land. The approximate width of the foundation wall is 45-50 cm, and the height is at
least 100 cm. Thus, a plinth level difference over 1 m is generated between the outer ground
and the inner ground. While the outer faces are usually built with fine-cut stones, rough-cut
stones can also be seen due to the height of the wall (Fig. 12).
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The second way of constructing deep foundations gives rise to what is known as deep-
inner foundations. These are built with a technique similar to that used for shallow-inner foun-
dations. The main difference is that the height of the foundation wall in this latter case reaches
100-150 cm and generates a significant level difference. In these cases, a raised floor is neces-
sitated, and timber pillars are used for this purpose (Fig. 13).

Vertical structural elements consist of walls and rock-cut form are the next stage of con-
struction. Rock-cut walls and columns themselves are considered one of the vertical elements
since they have a wide usage in generating living spaces and other structural parts of the build-
ing. Rock-cut structures, usually used on ground floors and basements, become integrated with
masonry parts in the upper floors.

It is difficult to make classifications of rock-cut elements which are randomly shaped in
different forms and dimensions according to the needs of users. It is not possible to make a
categorization with regard to the shape of space or carving periods since rock-carved spaces
are formed with respect to rock type and carving risks but not to shape. On the other hand,
the surfaces of rock-cut spaces are trimmed regularly, so it is impossible to determine the origi-
nal time of carving or excavating of the space. According to interviews with local masons and
visual observation studies in the site, the basic classification of rock as a vertical element can
be made based on ‘finishing” workmanship. In the first type, marks of carving and fixing tools
such as pickaxe and bellow and anvil?! can be easily seen on the rock surfaces. Window and
door openings are not shaped in regular forms and dimensions. In the second type, rock is
shaped elaborately with smooth edges and details, and living spaces, window/door openings,
and niches are organized in regular geometric forms. In some examples of this type where
lime wash has been used, it may even be hard to recognize the rock surfaces (Fig. 14).

Walls — the other main vertical structural elements — are built using a masonry technique
with both fine-cut and rough-cut local tuff stone. The choice between rough-cut and fine-cut
stone depends on the economic situation of the owner and the quarry’s tuff reserves during
the construction period??.

Ground floor walls are double-sided with infill and/or mortar between these sides. Broken
pieces of rock and stones are used as infill material, and then a special mixture of soil and
water is poured into the gaps between the wall sides. Thus the wall stones and infill materi-
als become integrated. Upper floor walls are usually constructed single-sided, but some rare
double-sided examples can be found. Because they are single-sided, these upper floor walls
need to be strengthened against lateral loads. To solve this problem, iron tie bars and timber
tie beams are used in the walls.

The walls can be classified into three groups according to their construction technique.

The first stone wall type is that of single-sided walls between 18 cm and 30 cm thick. This
type, seen in 17% of the houses studied, is very specific to Cappadocia in terms of its dimen-
sions since this kind of thin wall used as a main-bearing element is not seen anywhere else in
the greater region. On the ground floor, single-sided walls are used as partition elements which
often enclose a part of rock-carved space. On the upper floors they are used as the main bear-
ing walls of masonry buildings (Fig. 15). One of the basic characteristics of this type is the use
of iron tie bars within the walls to keep the walls of the upper floor together (Fig. 16). These

21 For more information about carving techniques and tools, see Oztiirk 2009.
22 (yz — Ayan 2011.
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iron tie bars, of 3 cm width and 0.3 c¢m thickness, are located along the wall above and below
the window openings. They are tightened from outside the wall with another vertical tie bar of
3 cm width and 50 cm length. These horizontal and vertical iron tie bars create a strengthening
system against lateral loads.

The second type of stone wall is that of thin double-sided walls, which have a width vary-
ing between 40 cm and 60 c¢cm. This type is represented by 57% of the walls. While there are
some rare examples using rough-cut stones, fine-cut stones are usually preferred for this wall
bonded by putting two stones measuring 18-25 ¢cm with a 5 cm gap between them. The gap
is filled with mortar and infill materials such as stone/rock debris. The outer faces of the cut
stones are finely shaped, while the inner faces confronting the gap are shaped roughly. Thus,
the mortar and infill materials became better integrated with the stones of the wall. Outer and
inner cornices are used between the double-sided walls on the ground floor and the single-
sided walls of the upper floor (Fig. 17).

The third type is that of thick double-sided walls that are constructed similar to the thin
double-sided walls. These are seen in 26% of the walls. The differentiating characteristic of this
type is the width of the gaps between the stone sides. In some cases, this gap reaches 35 cm
and is filled with pumice, stone/rock debris, and mortar. Thus the total thickness of the wall
extends to 60-85 cm. Due to the wide gap between the sides, some stone blocks are set regu-
larly while the others are set perpendicular to them to make the wall stronger. It is possible to
recognize these perpendicular stones on the building facade by their squarish form as seen in
the Labraunda Andron A building. This technique has been used since Antiquity?>. However,
it is not used as systematically as that of single-sided walls. Iron tie bars can be used on the
thick, double-sided walls of the upper floor. These tie bars do not extend along all the walls of
the upper floors, although they are seen on the walls of the side and front facade. The other,
alternative practice involves using timber tie beams instead of iron tie bars. Timber tie beams
are used above and below the window openings, approximately two per story, without any
tightening system on the outside of the wall (Figs. 18-19).

After identifying vertical elements, it is important to describe the horizontal structural ele-
ments, which consist of flooring/ceiling units and other components connected to them. Being
on the ground floor or upper floor is the main determining factor for preferences of flooring
techniques in these houses. Due to ground humidity and other climatic conditions, the durabil-
ity of materials is also an important parameter.

Stone flooring is one of the types used on ground floors (Fig. 20a). To prevent rising damp-
ness, a 3 to 10 cm layer of pumice is placed on the rock ground before laying the stone floor-
ing. In many traditional houses a stone sediris used with the stone flooring on ground floors.
To make a sedir, a single row of stones measuring 30-40 cm in height are placed 80 cm inside
from the wall, and the area between them is filled with some infill materials. The upper part
of the infill can be covered with a thin, stone layer or be left as rammed earth. Stone floors are
seen in 18% of the ground floors.

The other type used on ground floors is timber flooring. Sometimes timber flooring is raised
by posts 50-100 cm in height. Timber floor coverings are carried by timber posts. The main
purpose for this technique is again to avoid ground humidity. Timber floorings are seen in 18%
of the ground floors.

23 Altinoz et al. 2013.



Building System Characterization of Traditional Architecture in Cappadocia, Turkey 387

The last flooring type used in the ground floors of these houses is the simple rock ground.
In the rock-carved spaces, no other covering material is needed for the floor: bedrock is left as
it was. This type is seen 64% of the ground floors.

The first floors also show some variety in flooring types. Timber beams and timber planks
located on the inner cornices constitute the timber floorings (Fig. 20b). There is also another
type made of stone. Stone flooring in the upper floors is often seen when arched vaults are
used on the ground floors.

The spanning/horizontal structural elements can be classified into two groups: arched
vaults (specific to Cappadocian traditional architecture) and timber beams.

A special type of vault generated by the use of inner and outer rows of arches is the dis-
tinctive feature of the local construction technique and is seen in 58% of the floors (Fig. 21).
However, 64% of these arched vaults are on ground floors, and 36% on the first floors. Vaults
are used as covering elements in ground floors, first floors, and iwans, while at the same time
they compose the flooring element of upper stories. Pumice and other light materials are laid
over the extrados of the vault, and a flat surface is thus formed. Then to cover the infill and
complete the flooring, the area is covered by stones measuring 30-40 x 50-70 cm.

According to field studies and interviews with local masons, the construction process of
traditional vaults is as follows (Fig. 22): all four sides of the room are constructed up to the
impost level. After this level, the walls of the front and back facade continue to be constructed,
but the two side walls generate an arch system. Timber arch molds are placed between the
side walls, and the inner face of the side walls is formed as an arch while the outer face is
smoothly bonding as a wall. Two types of arches are used as an arch pair in this construction
system: one is a rib arch while the other is a cover arch. Rib arches — the main bearing ele-
ments of this system — are 20-30 cm in thickness and 60-80 ¢cm in width and located at intervals
of 60-80 c¢cm. Indents measuring 5 to 10 cm are opened on both sides of the extrados of rib
arches. Cover arches, usually thinner than rib arches, are placed above these indents. Thus,
500-700 cm vaults are generated by these arch pairs (Figs. 21-22). Although there are some rare
examples which cover the arches’ width and extend 100-120 cm while the rib arches remain
the same size, these were not considered as variations of this type due to concerns of authen-
ticity. It is believed that these houses were probably altered previously.

The area between the extrados of the vault and the side walls is filled with light materials
such as pumice and stone/rock debris. This type of arch pair is not only used in traditional
rooms but also in rock-cut and semi-open spaces such as iwans. In this case the width of the
arches can be adjusted according to the rock forms.

Timber beams, after vaults, are the most used spanning elements. They are constructed dif-
ferently on the ground and upper floors, due to the nature of materials. Timber floorings are
often used on upper floors to avoid rising dampness. Timber beams are rarely made in regular
geometric forms: wooden logs measuring 5 x 10 cm are often used on ground floors and logs
measuring 15 x 15 cm on upper floors. The beams on the upper floors are placed above the
inner cornices at 30-50 cm intervals. Timber floor plates measuring 30 ¢m in width and of any
length are overlaid on the beams. The bottom parts of the beams are also covered with timber
boards which form the ceiling of the lower floor (Fig. 23).

Inner cornices between the ground floor and first floor are located on the inner sides of
the wall and at a level below the outer cornices. The width of the inner cornices changes be-
tween 15 and 30 cm. More durable stone types are preferred for the inner cornices because of
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their importance to horizontal structural elements. The flooring system can be replaced if the
inner cornices remain steady. If a timber sedir is constructed with timber flooring, two rows
of rough-cut stone are placed on the inner cornices of the front facade before its timber posts
are positioned on the floor beams. The 5 x 5 cm sedir beams are then placed on these timber
posts and rough-cut stones. Finally, the structure is surrounded by timber coverings.

The other most common and specific floor construction type on first floors are wooden
logs, locally called a hezen, covered with woven straw. Logs spanning the side walls are
placed side by side on the inner cornices. Straw mats are laid on the logs. A pumice infill is
overlaid on the straw mats, and timber laths of 5 x 5 ¢cm or 5 x 10 ¢cm are placed on top of this
infill. Finally, the floor is completed with timber planks (Fig. 24).

Although it is not very common, timber flooring is sometimes used on ground floors. In
the simplest technique, pumice is laid on the ground, and clay is spread over the pumice
layer to prevent rising damp. Timber planks are covered with timber beams or logs measuring
5 x 10 cm. In another technique, the flooring is raised about 40-100 cm on timber posts that
sit directly on ground and are placed parallel to the long side of the room. Before the floor is
finished with a covering of timber planks, longitudinal beams measuring 15 x 15 c¢cm followed
by transverse beams measuring 10 x 10 cm are put in place.

Timber flooring including hezens, timber beams, and raised floors mentioned above
accounts for almost 24% of all floors. Of these timber floors 44% are found on ground floors,
56% on first floors.

The last part of construction system in Cappadocian houses concerns roofs and superstruc-
tures. This is one of the most difficult parts of the buildings to analyze since they are hard to
reach and have in most cases undergone extensive alterations. The roof details of 15 out of
20 houses (75%) have provided information about overall roof structures. Three types of roof
and/or superstructure technique have been found on these houses: timber roofs, earth roofs,
and carved rock.

Timber roofs are mostly used for the house of wealthy people and may be seen on 25%
of the buildings. They are built with timber laths and inclined in one way or two ways. They
are often used as a hipped roof with a 35% inclination. With timber roofs, roof cornices have
a significant role just as floor cornices did. Outer roof cornices indicate the finishing level of
the story while the inner ones bear the roof beams. Outer cornices built with a slight incline
also function as dripstones for roof water. In construction, 10 x 10 cm roof beams are set on
the inner cornices parallel to the short edge, and a central beam is placed transverse to the
others. Roof posts, which measure 10 x 10 cm or 15 x 15 c¢m, are placed above the beams,
and bracings are placed between them. Purlins, girders and rafters are set on the roof struc-
ture, followed by covering plates of 2 cm thickness and 20-25 c¢cm width. Then, the roof is
completed by covering it with over- and under-tiles. It is important to make the first course of
tiles stationary to prevent the movement of the entire tiled structure. For this reason, 5 x 5 cm
timber laths as long as two or three tiles are nailed onto the roof covering planks at 20-50 cm
intervals. Wiring the over- and under- tiles to each other is another method used for the same
purpose. Girders extending 15-20 cm across the building generate the eaves of the buildings.
The ends of these eaves are closed with fascia boards while the bottoms are sealed with cover-
ing boards. Thus birds and other animals are kept away from the inside of the roof. Another
type of timber eave, which extends 70-90 cm across the building and is supported by a timber
brace, is seen very rarely because of the climatic conditions of the region.
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As an older technique, earth roofs are seen in 50% of the buildings and are very common in
buildings in which arched vaults and hezens are also used (Fig. 25). In the vaulted spaces, the
extrados of the vault is filled with pumice and/or rock pieces, and a special mixture of water
and soil is poured into the infill. Afterwards clay soil, which has a high water-holding capacity,
is laid on the infill and compressed with a special tool made of a cylindrical stone block and
called a yuwvak. In order to get ready for the winter, earth roofs have to be weeded and rec-
ompressed every autumn. In the hezen-covered spaces, straw mats are laid on the hezens, and
again pumice, rock debris, and afterwards clay soil are spread over the straw. The stone eaves
used with earth roofs are located on the outer cornices. Eave stones measuring 30 x 80 cm are
set side by side while projecting 60 cm and extending across the entire building (Fig. 26).

No other superstructure is needed in rock-carved spaces or semi-carved masonry spaces. In
this regard, the rock itself should be considered as a third type of roof found in the region. The
outermost surface of the rock can be shaped to prevent penetration of rain and snow water,
and it works as a superstructure when needed.

General Evaluation

The architecture in Cappadocia represents kind of a challenge of humanity with nature. It has
a unique architectural style that completely integrates with nature and understands its occa-
sions. The characteristics of traditional architecture have never been intent upon consuming
the natural assets nor to override them. On the contrary there is a peaceful relation between
nature and humans.

This relationship has endowed us with an impressive historic environment with special
building techniques. The technique of rock carving has a significant role in forming this au-
thentic settlement pattern. It is a very exceptional technique that can be used in almost every
part of local buildings, such as their foundations, vertical and horizontal structural elements,
and superstructures. Rock carving is preferred even in architectural elements (e.g. niche, faka,
sedir, lambalik, etc.) and ornaments which are not structurally significant parts of the build-
ings. This shows us that rock carving is preferred not only because of its structural or econom-
ic advantages but also because it is the ordinary way of space/object-producing in this area.
The masonry building technique identified in this article is the other much-used method in this
region.

As an overall evaluation, it can be said that rock foundations are used in rock-carved spaces
if the building is constructed on flat ground, while type 2 is used on foundations. If it is on
moderately sloping land, foundation type 3 is used. If it is on steeply sloping land, foundation
type 4 is used. Rock-cut spaces have a vertical and horizontal structural system made of rock.
The masonry part of a traditional building is formed with vertical structural elements of thin
single-sided walls; double-sided walls consist of two stone sides with mortar in between and
without any other binding element. Double-sided walls are often used in ground floors while
single-sided walls are found in upper floors with the iron tightening system. As a horizontal
structural system, the first type of flooring system is created by placing timber logs (hezen) side
by side. This utilizes a pumice infill and clay soil for the flat roof/covering system. The second
type, and most specific to this region, is the arched vault composed of inner and outer rows of
arches. In Cappadocia this arch vault is the most characteristic covering system for architectural
spaces.
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To sum up the building characteristics described above, rock carving or excavating is the
earliest technique used for housing, and it is still used in the region. At a later date, masonry
was used, which has become the main building method today. These two techniques have
been used simultaneously for a long time, and some materials such as timber and iron have
been used as secondary materials with these techniques.

All the information in this research could serve as an extensive data source for future res-
toration and maintenance works. In further studies, the number of representative traditional
houses in other settlements should be extended to make a comprehensive database. In this
way, it could be determined whether or not the building characteristics of nearby rural set-
tlements show variety. Moreover, the features of the mortar and pumice material used in the
buildings could be analyzed in order to understand their effects on the structural condition of
the houses. Besides, engineering studies could be conducted concerning the performance of
the buildings.

Although it becomes difficult to find traditional masons in Turkey, Cappadocia still has its
own masons working on traditional buildings. It therefore seems important that these local
masons be recorded while they are working. The documentation of their construction process
would help further research as well as the restoration and maintenance practices of the future.

As a consequence, this spectacular landscape is considered as an important source for
the requirements of living and housing. The geological structure of the region provides an
important opportunity not only for obtaining construction materials but also for creating liv-
ing spaces. Rock-carving and masonry techniques generate an architectural pattern which is
completely compatible with the surroundings and with human necessities. Thus architecture
in Cappadocia has an indigenous character which is an open-ended and reproducible layout.
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Fig. 1 Geological map of Cappadocia (Toprak 1998, 56)
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Fig. 3 General view of Cappadocia
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Fig. 5 Stone-carved ornaments on the facade of a traditional house
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Fig. 18 Wall type 3: Thick, double-sided wall
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Fig. 20 a) Stone flooring, b) timber flooring
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Fig. 21
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Fig. 23

Timber beams and
ceiling coverings,
bottom view

Fig. 24

Hezen of timber
logs sitting on
inner cornices
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Fig. 25 Earth roofs

Fig. 26 Detail of earth roof






