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ABSTRACT 

 
DEVELOPMENT OF A DATABASE FOR THE RESTITUTION 

PHASES OF KURŞUNLU KHAN IN MANİSA 
 

 Historic buildings are not constant assets, they are representations of 

mankind and cultural systems throughout the time. In such a context, it is important to 

enlighten the process of building’s evolution by means of restitution(s), i.e., 

descriptions of different (re)compositions of buildings for different historical states. 

Hence, restitutions are used as works of synthesis in architectural conservation, and it is 

a mandatory part for it. On the other hand, representation of information beyond 

geometric, spatial and physical characteristics of a historic building carries a crucial 

importance for a holistic understanding of changes in those restitutions. This 

requirement is a multi-fold manner consisting of representation, archival, assessment 

and management aspects. Regarding those aspects, databases offer promising 

possibilities. Nevertheless, covering the requirement of the restitution state(s) is yet 

quite challenging if also visualization in digital three dimensional (3D) platform is 

considered, which is the most desirable way since it offers users an unrestricted and 

holistic visualization. Accordingly, this thesis proposes a methodology for the 

development of a database for the restitution states of a historical monument covering 

not only geometric and spatial aspects, but also historical resources. The thesis has a 

motivation to make sharing of restitution information, and decreasing future 

investigation effort in order to reach information of different historic periods. In this 

frame, Kurşunlu Khan in Manisa, Turkey, a typical building type of Ottoman 

architecture (şehiriçi hanı), dating back to 15th century, is selected for testing the 

methodology. The principles for collection and analysis of the data regarding the case 

study, structuring the database, and its visualization and access possibilities are defined. 

 The thesis concludes that database may be an efficient tool supporting both 

the planning of a restoration project, and archiving of comprehensive results for later 

interventions and research. The resulting visualization options through the database and 

semantically enriched 3D model effort to make an easier understanding of historic 

changes specific to the monument. The database is open for improvement with 

conservation-aimed information.  



 

 v 

ÖZET 

 
MANİSA’DAKİ KURŞUNLU HAN’IN RESTİTÜSYON EVRELERİ 

İÇİN BİR VERİTABANI GELİŞTİRİLMESİ 
 

Tarihi yapılar durağan varlıklar değildir; zaman içinde değişen kültürel ve 

toplumsal sistemlerin birer temsilcisidir. Bu bağlamda, restitüsyon(-lar) aracılığı ile 

yapının değişim sürecini aydınlığa kavuşturmak, diğer bir deyişle yapının farklı tarihsel 

dönemlerdeki yeniden-kurulumlarını açığa çıkarmak büyük bir önem taşımaktadır. Bu 

nedenle, mimari koruma disiplininde restitüsyonlar sentez bilgi ürünleri olarak yer 

almaktadır ve herhangi bir mimari koruma etkinliğinin vazgeçilmez bir parçasıdır. 

Diğer yandan, tarihi yapının fiziksel ve mekansal özelliklerinin ardında kalan bilginin 

sunumu restitüsyonlarda ifade bulan tarihsel değişimlerin bütüncül algısı için kritik bir 

önem taşımaktadır. Bu gereklilik çok yönlü bir konu olup, sunum, arşivleme, erişim ve 

yönetim özelliklerini kapsamaktadır. Bu özellikler konusunda veritabanları gelecek vaat 

eden olanaklara sahiptir. Ancak, bu konu restitüsyon(-lar) kapsamında 

değerlendirildiğinde ve bununla birlikte bütüncül ve kısıtsız algılama olanağı tanıyan üç 

boyutlu (3B) dijital bir platformda sunum imkanı da gözetildiğinde oldukça zorlayıcı bir 

bağlamdır. Bu tez, tarihi bir yapının restitüsyon dönemleri için veritabanı geliştirmek 

üzere bir yöntem önermekte olup yapının sadece fiziksel ve mekansal özellikleri değil 

aynı zamanda tamamlayıcı restitüsyon bilgilerini da kapsamaktadır. Bu çalışma, 

gelecekte yapıya dair restitüsyon bilgisine ulaşmak için yapılan araştırma süresini 

kısaltmak yani restitüsyon bilgisinin paylaşılabilirliğini sağlamak amaçlanmaktadır. Bu 

çerçevede, Osmanlı mimarisinin tipik bir yapı (şehiriçi hanı) örneği olan ve 15. yüzyıla 

tarihlenen, Manisa’daki Kurşunlu Han örneklem olarak seçilmiştir. Veri toplama ve 

değerlendirme, veritabanının kurgulanması ile sunum ve erişim konularına dair ilkeler 

tanımlanmıştır. 

 Sonuç olarak, veritabanının restorasyon projesini planlama sürecine destek veren 

ve gelecekteki müdahalelere ve araştırmalara yönelik sonuçların kapsamlı arşivlenmesi 

için etkili bir araç olabileceği ortaya konulmuştur. Veritabanı ve semantik olarak 

zenginleştirilmiş 3B model aracılığıyla elde edilen sunum biçimleri anıta özgü tarihsel 

değişimlerin daha kolay anlaşılmasını sağlamaya çalışmaktadır. Veritabanı koruma 

amaçlı bilgi ile geliştirilmeye açıktır. 
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CHAPTER 1 

 

INTRODUCTION 

 
 

To what extent may a space be read or decoded? A satisfactory answer to this question is 
certainly not just around the corner…without as yet adducing supporting arguments or proof, the 
notions of message, code, information and so on cannot help us to trace the genesis of a space; 
the fact remains, however, that an already produced space can be decoded, can be read… 
(Lefebvre, 2000) 

 

Lefebvre (2000) in his book “Production of Space” has brought a new paradigm 

shift on (social) space underlying the fact that space is not what we just see, it is more 

complex than geometric space, e.g., surfaces, juxtapositions, etc. Therefore, the space is 

actually more perceptual and related to our practices. This shift Lefebvre brought in his 

controversial argument against the reduction of a space into the geometric spaces can be 

applied as a larger perspective for the heritage buildings. Because, a heritage building is 

not just a volume of the geometric features (Hansar 2008) or an abstract sum of spaces, 

all of the features together involve in description of invisible or hidden information, 

meanings and values behind the imagery. Moreover, heritage buildings undergo 

continuous change over their lifespan due to adaptations, repair, conservation, etc. 

(Letellier 2007). Hence, any conservation-architect starts a (scientific) journey, i.e., 

research and investigation, for each individual heritage building and aims to re-establish 

the potential unity, i.e., “wholeness” (Brandi 2005). Therefore, one does not just 

consider conservation of the physical/geometric form of any heritage building, but also 

its content and history (Matero 2007). To that end, a conservation-architect needs to 

mediate both retrospective and prospective visions for any heritage object in 

architectural conservation discipline for de-coding and reading the spaces. Throughout 

this mediation, many questions, similar to the ones listed below, appear in her/his mind:  

- How did the spaces become transformed? 

- Which changes did the building undergo? 

- What are the (remaining) original components? 

- What kind of spaces were made up with the architectural components in other historic 

periods? 
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The list can be extended with many other questions, but all intersect with the 

aim of reaching the “wholeness” for any heritage building: first to discover, understand, 

and represent, then to manage and conserve. Correspondingly, a conservation-architect 

has to reach definitions of the former time intervals, so collects information between 

past and present, and attempts to understand the heritage building in a retrospective way 

of thinking. As a consequence, the journey has a comprehensive and overlaying form of 

both mental and practical process.  

 

1.1. Statement of the Problem 
 

Every heritage building is a unique historical archive, and a typical investigation of 

any covers different but yet complimentary research steps. A typical pipeline starts with 

on-site data acquisition, hands-on investigations of building’s qualifications which 

results with the production of measured drawings showing as-found state of the heritage 

building. It continues with complimentary archival and historical research, and 

comparative study for supporting analysis which is a comprehensive process covering 

spatial and/or element alterations (transformations, removals, additions), structural 

failures or deformations, and material deteriorations. All of them are synthesized in 

restitutions, i.e., (re)composition of the building in different historic time intervals. 

Besides, a critical evaluation is done in order to be aware of physical aspects and the 

aspects beyond them. Within the light of all those process, intervention decisions are 

developed with regard to the proposed restoration projects. As a consequence, 

restitution(s) of any heritage building, i.e., deciphering the evolution of the building 

during its timespan is an indispensable part of any conservation activity (Figure 1). 
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Figure 1. The typical pipeline of conservation activities for a historic building. 

 

 

The creation of a holistic repository in terms of a restitution database dedicated to 

understanding the evolution of a historic building has a great importance, and it gives 

the possibility to use systemized and structured information for an entire perception of 

the different restitution states of a building. Nevertheless, it should not only be 

considered as an integral activity supporting the intervention decisions of architectural 

conservation but also an important knowledge as unique expression of human 

achievement to transmit future generations (Letellier 2007). In this frame, 

data/information types with respect to the evolution of a heritage building, i.e. 

restitution states, the management of those information in terms of database, access to 

information through three-dimensional (3D) model, and the concept of digital heritage 

are discussed in the following: 

First, research and investigation is a priori step for any conservation activity. In 

this context, existing sources of heritage information should be found and examined 

accurately for identifying the historic monument and its setting. Besides, complimentary 

information gathered through prior research and investigation is represented through the 

visual reconstructions by artists, architects, or computer modelers which are based upon 

detailed and systematic analysis of environmental, archeological, architectural and 
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historical data (ICOMOS 2008). Moreover, the Charter for the Interpretation and 

Presentation of Cultural Heritage Sites (2008) by ICOMOS1 highlights that information 

sources should be clearly documented, and alternative sources should be provided for 

comparison. Correspondingly, the related information can be classified into two: (i) 

geometric information (2D drawings, 3D models, geographical location), and (ii) non-

geometric information which covers both textual ones (archival information, written 

documents) and raster ones (photographs, old maps, scanned documents/reports, 

diagrams, sketches). 

Second, it is very important to create a common medium allowing access to the 

existing information, which does not only allow significant savings in budget but also in 

time (Letellier 2007). RecorDIM initiative by Getty Conservation Institute (2007) 

underlines the importance of developing information management strategies for historic 

buildings and highlights a very basic but crucial point: if information is not properly 

archived, it is lost information. Moreover, when charters and other doctrinal documents 

by ICOMOS are reviewed, a number of articles describing the critical aspects and the 

importance of archiving and assessing produced information are found. Foremost 

important, in the masterpiece Venice Charter (1964) for the architectural conservation 

discipline, the importance of placement of all records which are available to researchers 

is underlined. In addition, the Principles for the Recording of Monuments, Groups of 

Buildings and Sites (1996) underlies that the information should be preserved in a safe 

archive, and must ensure permanence in an indexed environment to facilitate the 

exchange and retrieval of information, the importance of implementation of up-to-date 

information management technologies, and the accessibility of data for facilitating 

exchange for the present and future researchers. Within the light of those, and 

considering the advances in information technologies, databases are found as powerful 

tools which can be applied for historic building.  

Third, digital reconstructions of historic buildings in digital three-dimensional 

(3D) platform is the most desirable way since it offers users an unrestricted and holistic 

visualization (El-Hakim et al. 2007). But that, those pure geometric information is not 

enough to understand complex and rich history beyond the physical aspects of a historic 

building. Besides the current 3D building information modelling software consist full 
                                                
1 International Council on Monuments and Sites; it is the only global non-government organization, 
which is dedicated to promoting the application of theory, methodology, and scientific techniques to the 
conservation of the architectural and archaeological heritage. 
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architectural properties (dimensions, material, texture, etc.), but there is lack of 

integration of new information different than the properties of 

industrialized/standardized modern buildings. Nevertheless, that data/information is not 

explicit in graphical representations which are important for understanding specific 

architectural/historical style and characteristics of the historic phases of any heritage 

building. The aspects of rich annotation of restitution datasets in 3D, i.e., semantic 

enrichment for representing the evolution of any historic building is quite differentiating 

then modern ones, and up-to-data the applications are limited in the topic. 

Fourth, UNESCO2 (2003) in the Charter on the Preservation of the Digital 

Heritage emphasize the digital heritage’s importance consisting unique resources of 

human knowledge and expression as it covers cultural, educational, scientific and 

administrative resources, as well as technical, legal, and other kinds of information 

which are either digital creations or conversions into digital form from existing 

analogue resources. Moreover, the London Charter for the Computer-based 

Visualization of Cultural Heritage (2009) ensures a methodological rigor of computer-

based visualization for research and communication and sets principles ensuring digital 

heritage to be intellectually and technically exact and accurate. It underlines the 

importance of setting relationship between research sources, implicit knowledge, 

explicit reasoning, and visualization in order to make evaluative, analytical, deductive, 

interpretative and creative decisions. Other than these, the CIDOC Conceptual 

Reference Model (CRM) by ICOM3 intends to promote shared understanding of 

cultural heritage information by providing a common and extensible semantic 

framework that any cultural heritage information can be mapped by the provided 

definitions, structure, implicit and explicit concepts and relationships. Nevertheless, this 

study does not directly support standards of neither RecorDIM by Getty Conservation 

Institute nor Cidoc-CRM by ICOM (ISO 21127:2006), but uses their principles and 

corresponds the standard of the needs taking different types of different layers of 

information of a historic building. Besides, it is crucial to preserve the produced digital 

heritage ensuring that it remains accessible. In this context, the rapid obsolescence of 

                                                
2 United Nations Educational, Scientific and Cultural Organization; it is the agency aiming to create 

holistic policies that are capable of addressing the social, environmental and economic dimensions of 
sustainable development. 

3 International Council of Museums; it is an organization is committed to ensuring the conservation, and 
protection of cultural goods, and sets standards for museums in design, management and collections 
organization. 
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the hardware and software, and responsibility and methods for maintenance and 

preservation, and supportive legislation should be taken into consideration.  

As a consequence, a heritage building is a historic record including different 

types of information. The management of the heterogonous information related to 

heritage building, in particular its restitution states, includes different steps such as the 

production of the information, its analysis, evaluation, systematization, visualization, 

archiving, access and preservation. The optimal way is to integrate all restitution 

information through the 3D model with semantic enrichment by implementing a 

database. Besides, the produced semantically enriched 3D model is a (digital) heritage, 

like the historic building itself. Nevertheless, current approach in the topic is not yet 

applicable for historic buildings, covering generally the properties of modern buildings. 

As a result, it is an open research problem to describe a methodology for the creation of 

a database for the restitution states of a historic building covering also access through 

semantically enriched 3D model. 

 

1.2. Theoretical Background 
 

Recent research interests proved the importance of databases in terms of 

semantically enriched 3D models as digital information containers for historic 

buildings. The researches are categorized into four: as-built BIM approach, h-BIM 

approach, stand-alone systems and GIS approach. And, those are evaluated within the 

following topics: considered data types, integration of restitutions (historic states), their 

information management application, access possibilities for 3D model, and the concept 

of digital heritage. 

First, the concept of as-built BIM, which derives from Building Information 

Modeling (BIM) (Eastman et al. 2011), is a new paradigm and representation mode 

derived from the management necessities of architectural and engineering industry of 

buildings (Saygı and Remondino 2013). This approach could offer an interesting 

opportunity in heritage applications to manage 3D geometric information. A typical 

pipeline for as-built BIM generation is composed of the following chain (Hichri et al. 

2013): (i) geometric data acquisition and creation of unstructured point clouds, (ii) 

segmentation into regions using several segmentation algorithms, (iii) production of 3D 

models, and (iv) enrichment using different recognition techniques. Regarding the 

segmentation phase, i.e. the identification of different architectural components 



 

 7 

(building elements) in point clouds and 3D meshes. Besides, there are mainly four type 

of as-built BIM approaches, based on heuristics (Vosselman et al. 2004, Pu and 

Vosselman 2006, Rusu et al. 2009), context (Xiong and Huber 2010), ontologies (Yue 

et al. 2006) and prior knowledge (Hmida et al. 2012). However, it is not enough to 

detect the 3D meshes’ sub-parts as building elements, e.g., walls, windows, doors, etc. 

(Figure 2). For example, if a wall is identified, it should be specified where this wall is 

connected, to which walls it is adjacent, and which architectural space(s) it is 

hierarchically part of (Saygı and Remondino 2013). Only in this way it is possible to 

define mutual relationships of the components with each other in a hierarchical order. In 

addition, building elements of historic buildings often lose their shape similarities over 

time because of deteriorations and alterations. So, for the production of semantically 

enriched 3D models of any heritage building, the use of automated segmentation 

algorithms or shape recognition is in fact not enough. As a matter of fact, most of the 

as-built BIM approach (Garagnani 2012, Attar et al. 2010, Apollonio et al. 2012, Oreni 

et al 2012 and 2013) focus only on the integration of the 3D geometric information to 

the information system ignoring the integration of data types differentiating than 

architectural characteristics. The approach by Yajing and Cong 2011 is developed for 

stone heritage and covers specific information types for stone deformation state and 

stone types. Besides, it offers visualization of restitution state. Nevertheless, the 

geometries are not hierarchically structured for any spatial analysis, and overall 

approach is limited to stone heritage. The approach by Fai et al. 2013 (Figure 3) 

attempts to indicate different restitution states of a building in history but the building is 

limited to outer envelope, i.e. mass volume. Last, approach is limited in terms of access 

to information and model, being bounded to a single workstation and specific software. 

 

Figure 2. A typical pipeline of as-built BIM approach 
(Source Huber et al. 2011). 
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Figure 3. The change of mass volume in time  
(Source: Fai et al. 2013). 

 

 

Second, h-BIM approach is based on parametric modeling (Figure 4), and the 

results of the approaches of Boeykens et al. (2012), Murphy et al. (2011 and 2013), 

Dore and Murphy (2012) can be very relevant in some specific geometric information 

of architectural styles (Saygı et al. 2013). However, such methods are not covering the 

semantic requirements of historic buildings at all as they are mostly characterized by 

varied shape components. Moreover, none of the building elements of any historic 

building is exactly horizontal or vertical, being often altered or deteriorated. Thus, 

modeling any building element becomes even harder because of those changes over 

time. Besides, some elements are even more complex such as carved ornamentations, 

stone moldings, etc., which have specific characteristics and differentiating architectural 

styles. Indeed, due to all these facts, building elements of historic buildings having quite 

common semantic features lose similarities at the level of their geometries (Saygı and 

Remondino 2013). As a result, it does not correspond to specific characteristics of 

historic buildings’ geometric information. Besides, mutual and hierarchical 

relationships of building elements are either not focused or could not be applied, and it 

ignores the non-geometric data integration. More importantly, the approach does not 

cover different states of a building in history. Last, the approach is limited in terms of 

access to a single workstation and specific software like as-built BIM approach. 
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Figure 4. The process of geometric modeling in h-BIM approach 
 (Source: Murphy et al. 2013). 

 

 

Third, there are a few examples of stand-alone systems. An innovative approach 

is the stand-alone information system named NUBES (De Luca et al. 2007 and 2011) 

developed by MAP-Gamsau Laboratory (CNRS Marseille, France). It covers both 

geometric and non-geometric information. It also covers covers visualizations of 

different states of a building in history (Figure 5), however the respective information, 

e.g., old photographs, historic texts for different phases are not integrated. Besides, the 

platform is yet not possible for access by other users. Other than that, the approach by 

Achille et al. (2012) and Arayici (2008) are promising too (Saygı and Remondino 

2013). The presented information systems focus in geometric information. Architectural 

properties of geometries are considered, but it is limited in the integration of non-

geometric information. Neither of them cover different restitution states of a building in 

history. More importantly, hierarchical structures and related query-able characteristics 

are not covered which makes the approach limited in terms of access and retrieval. 
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Figure 5. Visualization of restitution states in NUBES platform 
(Source: De Luca et al. 2011). 

 

 

Fourth, from a controversial but promising perspective, regarding the concept of 

spatial data management in a broader sense, e.g., geology, land use, transportation, etc., 

the most common approach for implementing the geometry/object and relation structure 

is Geographical Information Systems (GIS). There are (some) prejudices regarding GIS 

when applied to heritage buildings, as the term "geographical" is understood as if it 

would refer to only X, Y, Z coordinates. However, GIS is not bounded to a local or 

global situation, it refers to geometric and spatial relationships (Saygı et al. 2013). In 

this frame, GIS allows geometric and non-geometric information storage based on a 

series of tables, where multiple relations between data and (building) elements can be 

defined (Crosswell 1991). The approach by Centofanti et al. (2011) and San José-

Alonso et al. (2009) focused on discovering its potentials. In particular, Centofanti et al. 

(2011) integrates non-geometric information (raster or textual) to geometric 

information, whereas San José-Alonso et al. (2009) only focuses on material 

deteriorations on building’s façade. It is possible to visualize and retrieve information 
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through the 3D model based on building elements (Figure 6). Nevertheless, the 

geometric and spatial integration, i.e., the relationships/hierarchies between the building 

elements and spaces are not covered in both. More importantly, non of them covers 

neither visualization for restitution states of a building in history nor related non-

geometric information. Last, they only give access to the information through a single 

workstation by specific software. 

 

 

 

Figure 6. Access to information in GIS platform  
(Source: Centofanti 2011). 

 

 

In conclusion, applications in this field are still in the early stages due to the 

multiple challenges of the topic. For instance, the past studies have ignored the 

integration of non-geometric information differentiating than architectural 

characteristics in 3D environment or they do not make heritage information accessible 

to others. In particular, a simple 3D model in a virtual environment for restitution states 

is not enough as it lacks any information about the historic building’s internal structure 

and the hierarchical relations between the compounding building elements and spaces. 
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Table 1. Current approaches. 
 

Approach 
Type 

Reference 
Paper(s) 

Applied 
Case 

Used 
software 

Plug-in/ 
exten-
sion 

Semantic 
enrichment 

Restitu
tion 
states 

Inclusion 
of 
Restitution 
informa-
tion 

as-built 
BIM 

Garagnani 
(2012) 

An Early 
Byzantine 
church 

Autodesk 
Revit 
Architectur
e 

Green 
Spider 
plug-in 

Limited to 
3D 
geometries 
from 
unstructured 
point 
clouds. 

not 
consi-
dered. 

not 
considered. 

as-built 
BIM 

Yajing and 
Cong 
(2011) 

Stone 
heritage of 
Ta Keo 
Temple 

3D MAX, 
SketchUP, 
Geomagic, 
AutoCAD, 
Autodesk 
Revit 

none specific 
information 
for stone 
heritage. 

original 
state is 
consi-
dered. 

not 
considered. 

as-built 
BIM 

Attar et al. 
(2010) 

Historic 
warehouse
s converted 
into offices 

Autodesk 
Revit, 
AutoCAD 

gbXM
L 
extens
ion, 
Energ
yPlus 

specific to  
energy 
efficiency. 

not 
consi-
dered. 

not 
considered. 

as-built 
BIM 

Oreni et al. 
(2012 and 
2013) 

Various 
types of 
historical 
vaults 

Leica 
Cloudwork
, Autodesk 
Revit, 
AutoCAD, 
Rhino 

Leica 
Cloud
Worx 
plug-
in 

Limited to 
3D 
geometries 
from 
unstructured 
point 
clouds. 

not 
consi-
dered. 

not 
considered. 

as-built 
BIM 

Apollonio 
et al. 
(2012) 

Palladian 
architectu-
re – doric 
order 

Autodesk 
Revit 

none Limited to 
3D 
geometries  
based 
parametric 
modeling. 

not 
consi-
dered. 

not 
considered. 

as-built 
BIM 

Fai et al. 
(2013) 

Urban 
cluster of 
19th 
century 
heritage 
buildings 

AutoCAD, 
Civil 3D, 
SketchUP, 
Revit, 
Naviswork
s 

none Limited to 
3D 
geometries  
based on 
parametric 
modeling. 

limited 
to outer 
envo-
lepe - 
mass 
volume 

not 
considered. 

h-BIM Boeykens 
et al. 
(2012) 

Prague 
Vinohrady 
synagogue 

Graphisoft 
ArchiCAD
Maxon, 
Cinema4D 

none Limited to 
architectural 
properties. 

not 
consi-
dered. 

not 
considered. 

 
 
 
 

(cont. on next page) 
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Table 1 (cont.). 
 
Approach 
Type 

Reference 
Paper(s) 

Applied 
Case 

Used 
software 

Plug-
in/ 
exten-
sion 

Semantic 
enrichment 

Restitu
tion 
states 

Inclusion 
of 
Restitution 
informa-
tion 

h-BIM Murphy et 
al. (2011), 
Murphy et 
al. (2013) 

Various 
elements 
of classical 
architectur
al style 

Graphisoft 
ArchiCAD 

none Limited to 
3D 
geometries 
based on 
parametric 
components
’ libraries. 

not 
consi-
dered. 

not 
considered. 

h-BIM Dore and 
Murphy 
(2012) 

A number 
of heritage 
buildings 

Graphisoft 
ArchiCAD
, Google 
SketchUp, 
CityGML 

Plug-
in for 
Sketc
hUp 

limited to 
architectural 
properties. 

not 
consi-
dered. 

not 
considered. 

GIS Centofanti 
et al. 
(2011) 

A complex 
villa and 
two 
churches in 
Italy 

AutoCAD, 
3D Studio 
Max, 
Rhinoceros  
Rapidform 
XOR, 
Microsoft 
Access, 
ESRI 
ArcGIS  

none is 
considered. 

not 
consi-
dered. 

not 
considered. 

GIS José-
Alanso et 
al. (2009) 

Various 
heritage 
objects 

PINTA 
combining  
CAD and 
GIS 
functionali
ties 

none material 
deterioratio
ns. 

not 
consi-
dered. 

not 
considered. 

Stand-
alone 
systems 

Achille et 
al. (2012) 

Main Spire 
of Milan 
Cathedral 

Rhinoceros
, WEBGL, 
Back 
Office, 
Front 
Office 

Pointo
ols for 
Rhino 
plug-
in 

Limited to 
architectural 
properties. 

not 
consi-
dered. 

not 
considered. 

Stand-
alone 
systems 

Arayici 
(2008) 

A heritage 
building 
under 
refurbishm
ent 

IMMerge 
and IMEdit 
modules of 
Polyworks, 
Microstati
on 

IFC 
plug-
in 

Limited to 
3D 
geometries 
based on 
parametric 
components
’ libraries. 

not 
consi-
dered. 

not 
considered. 

Stand-
alone 
systems 

De Luca et 
al. (2007 
and 2011) 

A number 
of heritage 
buildings 

MySQL, 
Virtools 
DEV, 
PHP, SVG, 
NUBES 

none Limited to 
architectural 
properties. 

limited 
to outer 
envole-
pe - 
mass 
volume 

not 
considered. 

 

  



 

 14 

1.3. Aim and Content 
 

This research starts from two basic, but important considerations. On one hand, 

any conservation activity is a continuous process and it requires a great understanding 

the building as a whole and explicit reasoning for decision-making. Besides, this 

process covers the critical evaluation of records, i.e., synthesis as restitution states 

showing the changes of the historic building in time. On the other hand, information 

technologies help organize, structure and manage information by means of electronic 

databases which facilitate access as well. In this context, this thesis efforts: first, 

integrating different information types such as geometric, textual and raster data 

regarding restitution of a historic monument in a semantically enriched 3D model, and 

second, creating a database for efficient archiving, access and preservation of this 

model. 

Kurşunlu Khan in Manisa, Turkey is selected as the case study. The reason for 

the selection of the case study is a multi-fold manner: first, the building’s complete 

documentation was available, second it was a widely studied building typology, and 

third, it had a series of changes due to interventions or repairs carried out in different 

time periods. Besides, over the centuries, the building stopped accommodating the 

function for which it was originally built for, and a number of modifications or 

conversions were necessary to adapt new uses. This led to a layered superstructure, 

which is very common in historic buildings. By this means, the chosen case study is 

suitable for illustrating changes in history. 

 

1.4. Method 

 
The first step of this research, i.e., data collection is known as a long and 

effortful process in any conservation project for re-establishing “wholeness”. 

Nevertheless, this study makes use of readily available information thanks to the 

collaboration with ARK İnşaat, a construction firm which provided measured drawings. 

Correspondingly, the data collection on-site has been limited just to on-site observations 

and investigations. The firm also provided the followings: restitutions, restitution report, 

restoration project, and other archival information as old photographs, related 

documents by the Izmir Number 1 Regional Conservation Council of Cultural and 
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Natural Wealth, and art history report by Süllü (2010). Other than these, the article by 

Oğuz (1974) entitled “Manisa Kurşunlu Han” provided comprehensive information 

specific to a previous restoration work dating back to 1966-1970. Moreover, the 

Ottoman Archive Catalogues by the General Directorate of State Archives of the Prime 

Ministry has also been an important resource for reaching the administrative or legal 

issues about the property. Besides, the translations of the Ottoman inscriptions of the 

pious foundation by Uluçay and Gökçen (1939) and Gökçen (1946) provided important 

resource. In addition, written accounts on the case are reached and evaluated. Moreover, 

complimentary readings in Ottoman history and architecture are done as secondary 

resources for a better understanding not only for old states of the building, but also, its 

setting, corresponding politics, culture and architectural style. More particular readings 

were on şehiriçi hanları in order to provide an architectural comparison for the case 

study and understanding of the building typology. 

Following that, a special attention is paid in truthfulness of information sources 

is (ICOMOS 1994) which shapes one’s understanding of a heritage building in the 

historic and cultural contexts. Correspondingly, the sources in diverse forms, e.g. 

drawings, photographs, written accounts are compared, and it is only adopted in use if 

corresponds the criteria of being non-speculative and reliable information. As an 

exemplification, old photographs are sources with first degree reliability as they are 

non-speculative records or historic dates of the administrative documents coming from 

Ottoman archives are primary sources for the changes. Nevertheless, the content of 

those changes is not specified in detail (location, material, size, form, etc.). 

Accordingly, they have 2nd degree reliability level. In summary, the general conceptual 

principle for reliability levels shown in the Table 2 is followed, although the sources 

corresponding to each state is critically evaluated in detail. 
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Table 2. Conceptual principle followed for reliability levels. 

Reliability level Source type 

1st degree reliable Traces coming from the building itself 

Old photographs 

2nd degree reliable The charter of the pious foundation quoted from Süllü 

(2010) 

Administrative documents from Ottoman Archive 

Catalogues Translation of old reports by Gökçen (1946) 

Article by Oğuz (1974) describing the restoration works of 

1966-1970 

3rd degree reliable Written account by Acun (1999) 

Comparative study 

 

 

The third step of the research is the systematic categorization. Accordingly, the 

evaluated information on different restitution phases are categorized chronologically. 

Nevertheless, it should be noted that, the restitution phases by the ARK İnşaat is not 

directly adopted as some of the phases are found very wide for categorizing the historic 

periods. In this context, Table 3 illustrates how restitution phases by ARK İnşaat are 

adapted as restitution states in the thesis. Although a historic building is a dynamic 

asset, a static system of representation is applied which is a result of determinate 

changes of building elements or spaces in certain historic moments. Moreover, the 

changes with uncertainties are not covered as restitution states. For instance, a repair 

campaign or minor interventions for unspecified building elements or spaces can occur 

in an indefinite historic time interval. In such a case, it is found indeterminate both in 

terms of physical aspects (space) and specific moment (time), and is not considered as a 

specific restitution state. 
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Table 3. Restitution states in the thesis and its adaption from restitution phases by ARK 
İnşaat. 

 
 

The fourth step is the selection and implementation of the database. Prior to that 

in-house methodologies within the light of current approach in the topic are tested out. 

And it is followed by their critical evaluation in order to support the selection decision 

for the appropriate information technology for structuring restitution database of the 

case study. More importantly, a hybrid methodological approach is adopted in 

systematic conceptualization, structuring and representation of information on 

restitutions. In particular production of complete geometric information, and its 

integration of with non-geometric information in a complete and holistic platform is 

considered. That is not a straight forward process, but it carries systematic structuring 

rules which takes three main concepts into consideration (a) segmentation – partitioning 

the buildings 3D geometry into meaningful sequences in terms of building elements, (b) 

structuring the hierarchies - setting relationships between building elements and spaces, 

and (c) semantic enrichment – integration of non-geometric information. 

Last step is the evaluation of the restitution database in terms of data access and 

visualization possibilities, and its preservation within the discourse of digital heritage. 

Within this context, possible options are illustrated and exemplified with the use of 

different tools such as ArcScene module of ArcGIS for visualization of semantically 

enriched 3D model, Microsoft Excel for tabular data visualization. 
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The development of the restitution database required a combined use of tools.  It 

can be listed as follows: Autodesk AutoCAD and Autodesk 3DS Max for the geometric 

information modelling, FME (Feature Manipulation Engine) for in-between data 

conversion and integration, PostgreSQL with the PostGIS extension, and its graphical 

user interface PgAdmin for database generation, PHP-based web GUI (graphical user 

interface) for administration. 

 

1.5. Limitations 
 

This research is limited to the followings: (i) it does not cover neither automatic 

detection methods nor geometric-data collection throughout non-contact documentation 

techniques, (ii) only restitution states are covered in the database, neither analysis of the 

historic building nor intervention decisions of the restoration project are included; (iii) it 

does not consider a detail level up to architectural details, material deteriorations, but it 

allows holistic and easy understanding of different historic states of the case; (iv) it 

carries peculiarity of building elements regarding to the case’s specific characteristics, 

so there exists a potential possibility that it will not fit exactly to any other historic 

building’s needs. Nevertheless, the defined database structure is open to easy extension 

for other cases’ needs; and (v) the developed database offers only two levels of access 

by information technologist and conservation-architect, hence different level of access 

to the information by different user groups beyond the scope of this study. 

 

1.6. Organization of the Thesis 
 

The structure of this thesis is divided into four chapters (Figure 7). In this 

chapter, the scene of this research has already been set by reasoning where it stands for. 

In the second chapter, the data regarding to the case study (Kurşunlu Khan) is 

analyzed indicating not only the building’s architectural description, but also its historic 

evolution within the setting. Correspondingly, an integrated inspection regarding the 

context of the selected case is explored from architectural conservation point of view. 

Because, producing knowledge in order to advance the understanding of architectural 

heritage. 
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The third chapter is the technical core of the thesis. The structuring of the 

restitution database is covered which offers a new methodological approach dealing 

with the heterogeneous nature of heritage data. It also indicates the conceptual 

modeling, database generation, and its capabilities of access and visualization. 

The fourth chapter includes remarks not only a critical evaluation of the case 

study within the cultural heritage discourse, but also findings of the developed 

restitution database with a critical reasoning about crucial points such as interoperability 

facts and translation processes. It also covers the evaluation of positive and negative 

aspects of it. Last, it covers where this thesis stands for, the outcomes, and the criticism 

of the proposed methodology in the architectural conservation framework. 
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Figure 7. The organization of the thesis.  
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CHAPTER 2 

 

ANALYSIS OF DATA REGARDING THE CASE STUDY 

 

 
What is a historic building? ...one that gives us a sense of wonder and makes us want to know 
more about the people and culture that produced it. It has architectural, aesthetic, historic, 
documentary, archaeological, economic, social and even political and spiritual or symbolic 
values, but the first impact is always emotional, for it is a symbol of our cultural identity and 
continuity... (Feilden 2003) 
 

In any historic building conservation project, which may range from minimal 

repairs to major interventions, the conservation-architect follows a similar path to a new 

design project. However, there exists a remarkable and greater investigation phase for 

understanding the building itself (Orbaşlı 2008). The level and depth of the information 

is dependent on the building and also the type of conservation that is proposed. But in 

each, the “reading” of a historic building requires a comprehensive research indicating 

the followings: (i) identifying its historic, cultural and functional significance, (ii) 

understanding the surroundings and its relation with other buildings, (iii) understanding 

the material and structural technology of the building, (iv) diagnosing minor and major 

alterations, material decay and its causes within the building (Orbaşlı 2008).  

One of the indispensable part of this investigation are in order to decipher 

unique changes of historic buildings in different ways throughout time. Mostly, each 

historic building incorporates different layers from different periods as the physical 

traces of the history. So, what we “see” today is not old artifacts, but multi-layered 

representatives of the past of which researchers begin any investigation in the present 

(Watenpaugh 2004). In order to understand the history of the selected case with the 

above mentioned motivations in mind, this chapter is structured as the followings: The 

first section is devoted to giving a brief outline of the setting’s history, and in the 

second section, the Ottoman State’s city formation with the description of specific 

strategies, typical buildings, and the period’s architectural style is given. This is 

followed by the demonstration of the image of the Sanjak of Saruhan (Manisa) with a 

focus to its commercial center and life in the third section. In the fourth section, the case 

study, i.e., Kurşunlu Khan is introduced. Hence, Ottoman şehiriçi hanları typology is 
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investigated for a complete understanding. The last three sections are dedicated to 

giving an extensive comprehension of the case study; therefore, architectural 

characteristics, material usage and construction techniques, and restitution states are 

introduced, consecutively. 

 

2.1. A Brief Look to the Pre-Ottoman Period 

 
The city of Manisa, ancient name Magnesia, is located at the northern skirts of 

Sipil (Sipylus) Mountain on a large plain, covering attractively rich agricultural areas 

next to the Gediz (Hermus) River in Western Anatolia. It covers the zone where the 

ancient civilization of Lydia arose. During the history, this area housed other important 

civilizations, e.g., Hellenistic, Roman and Byzantine, Persian prior to Turkish tribes’ 

arrival (Ramsay 1890). In the Byzantine period, themes were the most important 

administrative divisions, and Manisa was a center episcopacy under the theme of 

Thrakesion after the 600s (Baykara 2015 quoted from Ostrogorsky 1981). Following the 

arrival of Turkish tribes as a consequence of Mongol incursions (Emecen 2013), 

Anatolia started to house small communities called Anatolian principalities attached to 

local leaders, i.e., Turkish beys (Goodwin 1971, Pitcher 1972). In 1081, Turkish tribes 

started to rule most of the the area. Besides, Byzantine population was decreased, and 

Byzantine cities became smaller (Baykara 2015) due to the weakening of Byzantine 

Empire in the late 13th century, there was only a few Byzantine settlements in Western 

Anatolia including Magnesia (Emecen 2013). One of the leading Anatolian 

principalities was Saruhan, which was a permanent power in that area, and it conquered 

Magnesia in 1313 (Uzunçarşılı 1984, Aydın 1997). Following that, Saruhan Principality 

started to transform the city’s characteristics into Turkish-Islamic one (Emecen 2013). 

The old settlement located at the skirts of Sipil Mountain was greatly enlarged in the 

Northern direction on the plain during the ruling period of Saruhan Principality. At the 

same period, the Ottoman State had come into existence, in Western Asia Minor, not in 

a far location from Manisa (İnalcık and Quataert 1997). Consequently, the city was 

conquered by Beyazıd I in 1390, and added to Ottoman state. Nevertheless, it had to be 

regained by Ottomans in 1405 by the conquest of Mehmed I because of Timur’s 

domination in all around Asia Minor starting from 1402. Moreover, the city’s complete 

Ottoman administration was settled in 1415 (Emecen 2003). In the Ottoman Period, the 
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enlargement of the city continued, besides it was broadened in the East-West direction, 

in parallel to the growth of trade routes (Aktüre 1975).  

 

2.2. Formation of the Ottoman Cityscape 
 

The character of a settlement with its spatial layout provides lots of clues for the 

urban societies in the history (İnalcık and Quataert 1997). There were mainly two 

parameters affecting settlements in Ottoman State at Asia Minor starting from 1400s: 

The first parameter was the dependency on farming and its related economic 

benefits, i.e., water made farming more convenient. As a consequence, three zones of 

settlement in Asia Minor can be easily recognized in 1500s: first along Kızılırmak 

(Halys River) and Yeşilırmak (Green River), second in the valleys of small and large 

Menderes (Meander) and Gediz (Hermus), and last in the valley between Dicle (Tigris) 

and Fırat (Euphrates). 

 The second parameter for the development of an Ottoman city is its position on 

the travel routes or closeness to harbors (Faroqhi 1994). The network of the trade routes 

in the greater state and the towns or cities as nodes of this network carried crucial 

importance. In the Ottoman Empire, those routes were also very important 

transportation networks linking different regions of the empire. Thus, those routes were 

mainly used by Ottoman merchants. Istanbul was connected to the places outside the 

Empire with three major trade routes: (i) in East-West direction, connecting Ottoman 

territories to Persian, with important nodes of Tabriz, Aleppo, Damascus, Diyarbakır, 

Konya and Bursa, which was used mainly for exporting spices, silk and luxury goods 

and importing textile works, gold and silver, (ii) in North-South direction, connecting 

Anatolia to Egypt and Syria, which was mainly for exporting essential nutrients and 

importing iron and wooden tools, and textile goods, (iii) in South-North direction, 

connecting Anatolia to the Northern parts of the Black Sea, into the Russian and Polish 

territories (Pamuk 2015) (Figure 8). 
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Figure 8. Map of Anatolia showing trade routes (17th century) (Image is re-drawn on the 

basis of the map by Aktüre 1981). 
 

 

2.2.1. Understanding the Period’s Architectural Style 
 

Ottoman architecture had developed from 14th to 16th century, and it had taken 

the classical style and gave examples in a very large zone from Tuna Nehri (Danube 

River) to Basra Körfezi (Persian Gulf). The early period, in which architectural 

principles are determined, the details of ornamental applications and their style have 

taken their shape, was the most open period for foreign influences. In 14th century, 

Ottoman architecture was influenced mainly by the Western Anatolian principalities. 

Other than that, a synthesis of the hybrid medieval style of Anatolian Seljuk can be 

easily recognized. In that period, there is a large contradiction between the inner image 

and outer massive and cubic image of the buildings. After the second half of the 14th 

century, the dome is the fundamental element of Ottoman architecture enhancing the 

buildings’ structures. 

The first examples of the Ottoman architecture style itself with less influential 

codes started in the period of Beyazıd I (1389-1402) and continued along 15th century. 

This period followed by the huge interest in Westernization during the period of 
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Mehmed II, Conqueror (1451-1481), and the cultural spirit created in the period 

effected the idea of design constructions (Kuran 1997). The first examples of Ottoman 

classical style which mediates among Byzantine, Islamic and Italian Renaissance 

(Necipoğlu 2007) were seen in the period of Beyazıd II (1481-1512). An important 

parameter for this development was the establishment of Hassa Mimarlar Ocağı (The 

Corps of Royal Architects) around the same period. The association was managed by 

hassa mimarbaşı (the chief royal architect), and its due was to cover design, 

construction, survey and renovation works of all projects by pious foundations, 

including the cost management of them (Günay 2014). Moreover, the assignment of 

architects in charge, master builders and co-workers for any construction site was under 

the association’s responsibility. On the other hand, this system allowed the management 

of nation-wide construction works from the imperial palace (Turan 2005). In other 

words, the absolute monarchy and the imperial centric art and architecture were directly 

related with one another (Kuban 2007). Besides, the organization mainly contributed to 

shaping the classical style and its development. There is, unfortunately, no document 

related to the establishment date of Hassa Mimarlar Ocağı, but it is claimed to have 

existed during Beyazıd II period (Günay 2014). Correspondingly, the classical period 

was the one where the cultural inputs were in the uppermost level and the aim was 

creating a unique style.  

The Ottoman classical style was followed by the late period (1718-1922) 

adopting baroque, empiric and new-classical style by the influences of European 

architecture, continued by a responsive Islamic and Turkish style (Kuran 1997). 

 

2.2.2. The Concept of Külliye 

 
From another point of view, the buildings during the Ottoman Empire were 

crucial in order to represent the image of the city. Moreover, city centers were important 

nodes narrating urban culture (Watenpaugh 2004). Hence, in addition to being 

conquerors, Ottoman emperors also paid great interest to the public construction works. 

Many of them were undertaken by the state (İnalcık and Quataert 1997). In fact, 

working on one of the empire’s great construction sites was considered an alternative 

instead joining to the army which proves the parallel structure between organizing 

warfare and large-scale building projects. In this respect, Ottomans reshaped cities, 
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build several institutions and monuments as markers of their civilization (Shaw 1976, 

Watenpaugh 2004). The construction process was started not only for the successive 

capitals of Bursa, Edirne and Istanbul, but also for provincial centers such as Manisa 

(Faroqhi 2009). The government strategy was to build sufficient urban environment 

responding the residents’ needs accomplished by means of building complexes called 

külliye surrounded by residential quarters (Kuran 2012). 

Külliye was the complex of buildings with social, economic, and cultural aim in 

Islamic architecture. Also the word imaret is used instead. In the Ottoman era, either the 

emperors, viziers or princes’ mothers established them on the government lands. The 

administration of a külliye is called as vakıf (pious foundation), its regulations and 

charter as vakfiye and their trustees as mütevelli (Ödekan 1997). In each provincial 

capital, there was a state architect working with the local masters. All the expenses, 

covering the salaries of the staff, were met by the pious foundations, i.e., the imaret 

tradition derived from the Islamic wakf context. Therefore, establishment of the külliye 

were very dependent on the Ottoman pious foundations (Kuran 2012).  

At the center of any külliye, there was a mosque. Other than the mosque, the 

most crucial component of a külliye was the madrasah(s) starting from the 14th century, 

(Kuran 2012) where education was done free of a tuition fee and civil servants were 

educated. Other than those, it was possible to be housing other institutional elements as: 

library, sıbyan mektebi (a primary school for teaching Quran to children), tabhane (a 

soup-kitchen offering food to poor), darüşşifa or bimarhane (a clinic serving for health 

facilities). Besides, there were profit-earning based ones compromising khans, shops, 

bazaar, bedesten(s) (covered market), bathhouse(s) (Cezar 1983). Basically, the profit-

earning based ones were built upon raising funds based on commercial activities for 

institutional facilities of the pious foundations (Uluengin et al. 2014). Starting from the 

1500s, Ottoman Empire was in the period of expansion in which there was a big 

increase in the number of külliyes (Cezar 1983). Besides, the new külliyes by the 

Ottoman pious foundation system were also found as impressive representations of 

Ottoman economic and politic power.  

New constructions by the pious foundations were established generally at some 

distance from the old town in where there existed enough space for the monumental 

buildings and their open and semi-open areas (İnalcık and Quataert 1997). The külliye 

concept played an important role in the establishment of Ottoman urban image by its 
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dominance in the skyline of the due to the buildings’ monumentality, and also the 

physical position in the hearth of the city (Uluengin et al. 2014).  

 

2.2.3. Shaping the Commercial Core of the Ottoman City 

 
The Ottoman cities were clustered around main commercial area, mosques and 

the citadel. There is not any pure or simple model for the physical description of a 

typical Ottoman city center, in which there is neither a single square nor certain borders 

(Cerasi 1999). Accordingly, there was not a single landmark for the center of an 

Ottoman city, it was generally around some symbolic structures, generally those of 

külliyes. The structure of the city shaped around several parameters: (i) çarşı was 

located in a central part of the city, (ii) mosques by pious foundations were built next to 

the çarşı, (iii) all the main roads opened to the çarşı, and (iv) çarşı consisted of several 

buildings serving to commercial facilities, which mostly belonged to the pious 

foundations (Cezar 1983). As a consequence, the core of the cities shaped specifically 

around the çarşı quarter (Özdeş 1953, İnalcık and Quataert 1997), çarşı was not just a 

physically existing quarter, but it is also an integrity of functions and institutions. 

Besides, it indicated more values other than productivity and economy based ones as it 

was a critical meeting point for traders, artisans and inhabitants (Cerasi 1999). 

Consequently, Anatolian cities assumed a Turkish character not only by the inhabitants 

but also the construction process of buildings serving to commercial facilities. Cezar 

(1983) classifies the commercial buildings in the Ottoman era into three: (a) shops, (b) 

khans, and (c) bedestens, from 15th century onwards to industrial revolution. To begin 

with, shops are the members of çarşı, which smallest in size but greatest in number. 

They are generally one floored, and timber structures. They allow the space to gather 

light from single direction. From the 16th century onward, they were members of 

külliyes or within the borders of them (Cerasi 1999). There exist two other variations of 

them: first, as a double row of shops with the name of arasta, and the second, the 

embodied form in khans or bedestens (Cezar 1983). The second group, i.e., khans were 

providing space for manufacturing, storage and business facilities, and they were 

significant members of the city center. They were either masonry or wooden structures, 

with an inner courtyard and a colonnaded portico (see section 2.4.1 for more 

information on khans). The last group of bedestens starts to appear within the cities after 
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the Anatolian principalities which were used to store valued goods. The spaces of a 

bedesten are spanned either with vaults or domes. They were generally in very central 

locations. It was quite common to have juxtaposing shop rows (Cerasi 1999). The 

number of bedestens in a city were limited to one or two, dependent on the scale of the 

city (Cezar 1983). 

Correspondingly, the Ottoman city center was not the sum of coincidentally 

formed spaces or buildings. Along its history, an Ottoman city center had an urban 

character including bedesten(s), khans and other surrounding shops. This picturesque 

physiognomy of the commercial center remained unchanged until the effects of 

industrial revolution (Kuban 2007). Besides, they were all new in shape with both their 

material and design culture. Nevertheless, the Ottoman city of all periods had a spatial 

system of “repetition” and “articulation”, it was also quite important for the 

“Ottomanization” process. The growth of çarşı was not in whole but in parts, 

correspondingly, the city centers’ developments were in parallel and limited to the 

togetherness of building complexes (Cerasi 1999). Particularly, khans affected the 

appearance of the city center following the construction of mosque(s) and madrasah(s). 

Correspondingly, architectural characteristics and their roles enhanced city centers and 

lead to a balanced functional harmony (Cezar 1983). In the çarşı quarter, where 

commercial and social buildings were located together, main road(s) were surrounded 

by khans and shops providing a reputation of continuous arches, domes, vaults and 

chimneys in the city centers perception (Cerasi 1999). 

 

2.3. The Image of the Sanjak of Saruhan (Manisa) 
 

Ottomans became more powerful in a hundred-year time, and they established a 

loose politic lordship in Anatolia. The Ottoman success of expansion proves the ability 

of the royal family in strategic management of power. In the period of expansion, the 

Ottoman state developed new administrative places in Anatolia. These administrative 

units were called eyalet or iyale, and each was representing a province within the 

Empire. Sanjaks (sancak or liva) were administrative zones (Şahin 2009) shaping the 

core of the Ottoman administrative system (İnalcık 1995, Ortaylı 2008). A typical 

governmental strategy of the Ottoman Empire was to convert political centers of 

Anatolian principalities into sanjak following conquest of new territories (Quataert 
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2005). In this system, local leaders of the preceding Anatolian principalities also 

accepted the status of being dependent to the Ottoman Empire and acknowledged the 

emperor as the superior. Nevertheless, the transformation from tributary status and total 

annexation into the Ottoman system varied according to the circumstances of each 

territory (İnalcık and Quataert 1997). As a result, the Anatolian principalities transited 

from tribute status and were annexed to the Ottoman State by being registered as sanjak. 

Consequently, Anadolu Eyaleti (Anatolia Province) was founded in 1393/7934 as an 

outcome of rapid expansion of the Ottoman State. On the other hand, after the 

establishment of the direct control over Anatolia, the strategy was to use economic 

advantage of those conquered zones as much as possible. In order to do that, Ottoman 

officials carried out many surveys for recording the taxable sources (Quataert 2005). 

This was a crucial requirement of the Tımar application, any changes of economic 

revenues were statistically and systematically recorded in books called Tahrir (book-

keeping) following critical changes in the state, e.g., conquest of new places, change of 

throne. That book-keeping system was highly complicated and developed in terms of 

principles, method and precision compared to the ones of the 15th century Europe. 

Correspondingly, those Tahrir books are amongst the primary sources for 

understanding the administrative economy (İnalcık 2015). Thanks to the records in the 

Tahrir book called 166 Numaralı Muhasebe-i Vilayet-i Anadolu Defteri (937/1530) 

Anodolu Eyaleti (Figure 9 ) was composed of eight liva: Hudavendigar, Biga, Karesi, 

Saruhan (Figure 5), Aydın, Menteşe, Teke, Ala-iye.  

                                                
4 Throughout the chapter, (calculated) date in Gregorian calendar is represented in the first segment, and 
the date in Islamic calendar that are coming from the original texts in the second segment. 
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Figure 9. Map of Anatolia Province in 1530  
(Source: 166 Numaralı Muhasebe-i Vilayet-i Anadolu Defteri). 

 
 

 

Figure 10. Map of Sanjak of Saruhan (Manisa) in 1530 
(Source: 166 Numaralı Muhasebe-i Vilayet-i Anadolu Defteri).  
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Other than those, following central Asian tradition, the emperors sent their sons 

to the provinces for them to gain administrative experience in some circumstances. 

There, they were accompanied by their lalas (retinues and tutors) taking military and 

political education (Quataert 2005). Consequently, Saruhan (Manisa) was converted 

into a sanjak city, ruled by Ottoman princes (Uluçay and Gökçen 1939). Besides, 

Manisa was strategically important because of being the closest princely post to 

Empire’s capital, Istanbul as well as being the first place where the Ottoman princes 

were sent (Pierce 1993). As a result of these circumstances and political importance, it 

had been a quite important sanjak. This character also supported Sanjak of Saruhan 

(Manisa) to develop advanced physical characteristics not only by its citadel, but also its 

city center consisting of many public buildings (Quataert 2005). Accordingly, it 

benefited much from these construction traditions and governmental strategies starting 

from the end of 1400s until the start of the 1600s as a princely town. The Külliye of 

Hatuniye, dating to 1490, was the very first example in the Ottoman era, trying to create 

a new center for the princely town. It was located in the Southern part of the citadel not 

very far from the old center. The name derived from the female endowment coming 

from the imperial family, Hüsnüşah Khatun, the mother of the Ottoman prince, 

Şehinşah (Emecen 2003). On the other hand, it was a traditional practice of sending 

prince’s mother with him to his provincial town. Besides, it was a privilege for prince’s 

mother to adorn the provincial capital with new monuments. She received great 

amounts of monthly stipend from the imperial budget, the highest rate including 

princes’ (Pierce 1993). Moreover, in Ottoman history, it is quite clear that wives, 

mothers and daughters, i.e., the female members of the imperial family and other 

leading families, were playing a role on politics and economics not only by the marriage 

institution but also through the charities and pious foundations (Quataert 2005). 

Furthermore, the Külliye of Hatuniye, by the endowment of Hüsnüşah Khatun, 

was the first attempt in order to create a commercial center with its profit-earning 

buildings, i.e., khan, bathhouses and shops. This process has continued with the 

construction of the close-by quarters, and has been the primary step to shape not only 

the commercial hearth of the city but also physical structure of the Ottoman city of 

Manisa. Accordingly, the reshaping process of the city continued with monumental 

constructions by large pious foundation during 16th century (Figure 11), i.e., Külliye of 

Sultaniye in 1522 which has again a female endowment, i.e., Hafsa Khatun, then, 
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Külliye of Hüsrev Aga in 1554, Külliye of Dilşikar Khatun in 1579, and Külliye of 

Muradiye in 1583 (Emecen 2003). 

 

 

 

 

Figure 11. View of Manisa in the late 16th century. In the center is the princely palace, 
the mosque of Hüsnüşah Khatun lies just above, while the mosque of Külliye 
of Sultaniye, with two minarets and an outdoor prayer courtyard, lies slightly 
below the larger mosque of Külliye of Muradiye in the upper right. (Source: 
Pierce 1993, Image Courtesy, Topkapı Palace Museum Library, Istanbul). 
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2.3.1. The Commercial Activities in Manisa 

 

In general, Ottoman production and commercial system was following the 

regular medieval town mechanism. In that mechanism, production was primarily for the 

provincial centers and its villages, i.e., for the population inside a province. 

Accordingly, there was limited production and commerce (İnalcık 2015). Nevertheless, 

Western Anatolia was the Ottoman territory mostly involved in the commercial 

activities with Europe (Pamuk 2015). That is to say, Western Anatolia was acting like a 

bridge for transporting goods from Central Anatolia to Europe. If the map of the 

Western Anatolia were evaluated, one could easily distinguish radial routes opening to 

harbors of the Aegean Sea, which were reached from important centers of the period, 

e.g., Tire (Armağan 2005), Manisa, Aydın (Emecen 1997, Eldem et al. 2012). Hence, 

the Ottoman State offered commercial privileges for European merchants and ships for 

them to be included in the economic activities within the Empire, offering the freedom 

of travelling within the state, changing goods and payment of lower taxes. In the 14th 

and 15th century, Venice, Genoa and Florence were amongst the privileged kingdoms. 

Commercial activities with Europe were based on exporting cereal, leather goods, raw 

silk and silk loom and other textile products, and importing silk and woolen loom, and 

other luxury goods (Pamuk 2015).  

As a consequence of the above mentioned points, Manisa was involved not only 

domestic, but also in international commercial activities at the end of the 15th century, 

thanks to its geographical location at the intersection of many important trade routes. 

Thus, located in the valley of Gediz (Hermus), it was serving as a node of the trade 

routes opening both to Istanbul and the Aegean Sea for the oversea transportation 

(Uluçay 1942). More specifically, in the beginning of the 16th century, both the route 

connecting Bursa to the harbors of Alexandria, Tripoli and Damascus, and Western 

Anatolian route reaching to Antalya for exporting the goods were passing from Manisa 

(Figure 12),  following Bursa, which was amongst important commercial and 

craftsmanship cities of the Middle East (İnalcık 2015), and İstanbul (Emecen 2013). 

Therefore, the city was involved in international economic interactions between 

especially Venetian, Greek and Persian traders. In addition, the records of legal 

administration for different facilities such as taxes, death records, etc. prove that both 

traders from Central Anatolia and Persian were using the routes passing by Manisa 
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(Uluçay 1942). Evliya Çelebi’s travel records also prove the existence of the Persian 

traders in the area in the 17th century (Dağlı and Kahraman 2007). Moreover, Arab 

camel drivers, who were offering transportation of the heavy loads for cheap costs, 

performed commercial transport, not only around İstanbul, but also in Western 

Anatolian sanjaks, including Manisa (İnalcık and Quataert 1997). Starting with the 17th 

century, İzmir started playing an important role in commercial activities, and it acted as 

a crucial node for international trade. At the same period, handloom weaving activities 

weakened in Manisa, and raw materials like cotton and wool were bought by Levantine 

merchants for high prices. 

The non-Muslim merchants of the Empire were playing a critical role in the 

commercial activities by constructing relations with European merchants and also 

solving local issues related to collecting of import goods or distribution of export goods 

(Pamuk 2015). In Manisa, there was only the Jewish community as the non-Muslim 

population (Emecen 1997) beginning with the 15th century, played an important role 

between Ottoman Empire and Western Europe (İnalcık 2015). It is known that some of 

them had been living there since the Byzantine times while most of them had been 

settled following the expulsion of Jews by the Tribunal of the Holy Office of the 

Inquisition at the end of 15th century. Besides, a significant number of Jews 

manufacturing the woolens, state-çuha and velençe, migrated from Salonika 

(Thessaloniki) at the end of 16th century with the motivations of avoiding increased 

taxes there, and reaching cheap raw supplies around Manisa. As a consequence, the tax-

records prove the activity of Jewish community in commerce after 1531. Nevertheless, 

until 1660s they were not settled in a specific quarter, their accommodation was mostly 

in the rooms of khans (Emecen 2013). Besides, due to the commercial advances, a large 

part of the Jewish community migrated to İzmir in 17th century. 
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Figure 12. Historical trade network of Western Anatolia from 1550s to 1750s (Image is 
re-drawn on the basis of the map by Luther 1989). 
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Each center of the Ottoman provinces was strongly dependent with its rural 

areas (Kıray 1972, Cerasi 1999). Besides, cotton weaving was an important economy 

for the Ottoman Empire, and Manisa (Figure 13 and Figure 14) had a leading economy 

in the production of cotton, and cotton textiles. The raw cotton and cotton textiles 

produced here were not only spread in the state but also exported (Genç 2014). Records 

of the 17th century show that the provinces of Aydın and Saruhan in Western Anatolia 

had been required to deliver huge amount of lining cloth (22,000 bales, equal to 44,000 

pieces), of lining for the yeniçeri (janissaries) which also proves the characteristic 

production in the area (Faroqhi 2009). In addition to woolens, cotton textiles, which 

were also demanded by the Ottoman army and navy as sailcloth were also delivered. 

Tournefert (Yerasimos 2005) states that in 1702 the most important trade was based on 

cotton. 

At the beginning of the 17th century, Manisa was highly affected by the decrease 

of the Ottoman power on Western Europe. In addition, the development of İzmir, had 

dramatically changed other Western Anatolian towns’ administrative and commercial 

mechanisms. At the same period, most of the merchants, and commercially active non-

Muslim community had started to move into İzmir (Eldem et al. 2012). In 1617, the 

Ottoman Empire published an order prohibiting the relocation of the Jewish community, 

who was not only involved in commerce but also worked as tax collectors, from Manisa 

to İzmir. (Eldem et al. 2012). Nonetheless, as a record of the 1627 shows, the 

commercial activities of sanjak of Saruhan (Manisa) had decreased, and the town 

started to serve as a barley storage with the effects of the economic crisis of the 

Ottoman Empire in the 17th century (Emecen 2013). In 1811, the administrative sanjak 

of İzmir was replaced from Saruhan to Aydın (Kıray 1972) as a result of the new 

economic structure. 

Nevertheless, if different historic information of different centuries is 

deciphered, one can easily find out that Manisa carried its importance until 20th century. 

As another proof, the rail network in the beginning of the century can also be 

overlapped with the telegraph network of 1874 (Figure 15). In the telegraph network, 

the full black dots are stations capable of international transmissions, while half black, 

half white dots are only available for domestic use. Besides, the thick black lines are 

international, the thin ones are domestic (Danforth 2013). And one can easily 

distinguish Manisa still being an international center. Besides, it was a node in the 

initial rail network (Figure 16) of the empire. 
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Figure 13. View of Manisa in 17th century  
(Source: Peeters 1685). 

 

 

 

Figure 14. The engraving of Tournefort describing Manisa in 18th century 
(Source: Yerasimos 2005). 



 

 

 

Figure 15. The map of Ottoman telegraph network in 1874 
(Source Danforth 2013, image courtesy Atatürk Library, DSCN5503 and DSCN5504). 
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Figure 16. The Map of Ottoman rail network on the eve of World War I  
(Source Danforth 2013, image courtesy Atatürk Library, Htr_Gec_00063). 
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2.3.2. The Commercial Center of Manisa 
 

Most of the külliyes and the related profit-earning units of the pious foundations 

were built in 1500s, when there was a growth in the transport of goods to İstanbul. This 

process allowed Manisa to shape its commercial core and çarşı quarter as well. But, it 

should be noted that prior to that, during the Saruhan Principality, a çarşı quarter was in 

existence which should had been more premature. This is stated in one of the Ottoman 

court records belonging to the Hoşkadem Paşa pious foundation. Besides, at the same 

period, there was a bezzazlar çarşısı (drapers’ bazaar) in Manisa. However, today there 

is no information or trace on its spatial characteristics (Uluçay 1946). 

In the Ottoman era, different artisans or merchant guilds were clustered on 

different streets (Kuban 2007). Accordingly, the commercial center was zoned with 

respect to the type of good. In Manisa, planimetrically, shops and arastas housing 

different guilds were almost in orthogonal scheme: parallel or vertical to each other. At 

the very end of the Çarşı Quarter, there was an open area with an open-air bazaar 

(Uluçay 1942). The cities with special status like Manisa had more improved city 

centers than others (Cerasi 1999). After the construction process of khans and shops in 

the center, the artisans and craftsmen were obliged to move to shops within there, by 

this way, the pious foundations could benefit from the economic growth by means of 

rental income. Besides, these buildings, as valuable commercial real-estate, enhanced 

the appearance of those specific towns. In time, many of these structures served traders 

rather than craftsmen, their presence transformed the overall character of the city 

centers which had attracted craftsmen into the relevant neighborhoods more (Faroqhi 

2009). Within the light of some records of legal administration dating to 1531 and 1575, 

Emecen (2013) classified artisans and traders into four main groups: (i) the ones based 

on food-making, (ii) the ones based on cotton, especially handloom weaving, (iii) 

leatherworks and related productions including dyeing, and (iv) tool production and 

foremanship. Hence, the two big income source for the inhabitants were based on 

textile, the handloom weaving and leatherworking. Accordingly, dyeing was quite 

improved. The open-air bazaar was held in Tahtakele, Çarşı and Karaköy quarters once 

a week, and the goods sold in that bazaar were including grape-based products, soaps, 

wheat, cereal, fruits, salt and fish (Uluçay 1942). 
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Evliya Çelebi in his travel records dating 1671 (Dağlı and Kahraman 2007) 

states that Manisa was a large city settled on the Northern plain of the Sipil (Sipylus) 

Mountain consisting of the palace and 60 quarters housing 6600 houses, big khans, 

3360 shops, a bedesten, a saddlery and a shoe market. Moreover, Evliya Çelebi had 

described that the Manisa commercial center’s, i.e., Çarşı Quarter’s, boundaries as the 

following: from Hatuniye Mosque to Alaca Bathhouse in the direction from North to 

South, and from Kurşunlu Khan to Ali Ağa Mosque in the direction from East to West 

(Uluçay 1942). In addition to that, there were shops around the neighborhood called 

Tahtakale. The boundaries were limited to Sultan Bathhouse, Hatuniye Mosque, and 

Çeşnigir Mosque.  

More specifically to the case study, the profit-earning components of the pious 

foundation of Hüsnüşah Khatun were as the followings: shops and gardens between 

Çeşnigir and Hatuniye Mosques, a bath-house, i.e., Serabat Hamamı, two mills, some 

farming lands in the villages of Selendi, Kaşıkçı and Seyis, a big khan, i.e., Kurşunlu 

Khan with its 21 shops, and a land at its Southern part (Gökçen 1946, Süllü 2010 quoted 

from the translation records in the Archives of National Directorate General of 

Foundations).  

 

2.4. The Case Study: Kurşunlu Khan in Manisa 

 
Kurşunlu Khan, which is the subject of this research, is one of the Ottoman city 

khans located in the historic commercial center of Manisa. Kurşunlu Khan with the land 

registry of 43-360-19 is a listed-building by the decision number 348 of the Izmir 

Number 1 Regional Conservation Council of Cultural and Natural Wealth on June 2, 

1988. Besides, it was included in the urban area registered in the conservation aimed 

development plan approved by the decision number 1674 by the Izmir Number 2 

Regional Conservation Council of Cultural and Natural Wealth on May 26, 2004 (Süllü 

2010). 

The khan was built in order to raise fund for the Külliye of Hatuniye in 1497-98 

as some scholars (Uluçay-Gökçen 1939, Oğuz 1974) point out. Nevertheless, the 

precise construction date of Kurşunlu Khan cannot be reached as the khan does not have 

an inscription panel itself. Hatuniye Mosque, which is thought to belong to the same 

Külliye, was just next to the grand bazaar of Manisa. The inscription panel of Hatuniye 
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Mosque shows the construction date of the mosque as 1490/896. Today, only Hatuniye 

Mosque, Kurşunlu Khan and the primary school remain standing from the original 

Külliye of Hatuniye. The trustee for the pious foundation was by Imperial family 

member Hüsnüşah (known also as Hüsniyeşah or Hüsnüşaz) Khatun, who was the wife 

of the Sultan Beyazıd II (Acun 1999).  

The oldest document belonging to Kurşunlu Khan is the charter of the pious 

foundation (“Manisa Hasna şaz Hatun binti Abdülcelil Vakfı”) in Arabic dating 

1498/903. Its Turkish translation by Keskinoğlu has been one of the primary sources 

thanks to the art historian Süllü’s report in 2010. In this translation, which describes the 

original state of the building, it is noted that Kurşunlu Khan had 36 rooms on the 

ground floor and 38 rooms on the first floor, it had a big inner courtyard with a pool in 

the middle and a big stable at the rear. It is also recorded that it had 21 juxtaposing 

shops. 

Gökçen (1946) who worked extensively on Manisa gave records of the pious 

foundation of Kurşunlu Khan, besides in his work with Uluçay (1939) indicated 

descriptive information on the building. Besides, Emecen’s study (2013) on 16th century 

Manisa is also an important resource for not only Kurşunlu Khan itself but also for the 

life in the Sanjak of Saruhan (Manisa). Nevertheless, it should be pointed out that 

Emecen (2013) distinctively defines the khan as Han-ı Cedid or Yeni Han throughout 

the book. Furthermore, Acun (1999) reports inventory information on the khan within 

the context of Turkish architecture in Manisa. Moreover, the section of Kurşunlu Khan 

(Yavaş 2002) in the TDV Encyclopedia of Islam examines the building. The article by 

Oğuz (1974) is also very valuable especially on information about the building’s state 

before and after the restoration in 1966. There exist also some other records, as 

secondary sources, in some books (Öney 2002, Yüksel 1983) indicating brief 

descriptive information on Kurşunlu Khan. In addition to the above listed written 

documents, the vector and raster data in forms of measured drawings, drawings of the 

restitution phases with their reports, old photographs and scanned documents are 

collected thanks to the archives of ARK İnşaat. 

There are also a few records by travelers who visited the Sanjak of Saruhan 

(Manisa), i.e., Turkish traveler Evliya Çelebi in 17th century (Dağlı and Kahraman 

2005), and also some international travelers in the Ottoman Era, which enlightens 

period’s characteristics (Üçel-Aybet 2003). Amongst them, there are Simeon of Poland 

in 17th century (der Andreasyan 1964), Tournefort in 1700s (Yerasimos 2005), Richter 
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(Pınar 1998) and Chandler both in 19th century (Revett 1971), and Riefstahl in the 

beginning of 20th century (Wittek 1931). Nonetheless, only Evliya Çelebi and Riefstahl 

kept specific records of Kurşunlu Khan. Evliya Çelebi had described Kurşunlu Khan in 

1671 as Hatuniye Khan which was used as a cereal bazaar and stated that it was a big 

khan which had 40 domes, and its roof was covered by lead. In addition, he noted that 

Persian and foreign merchants were staying in there. Whereas, Riefstahl described 

Kurşunlu Khan as a big, nearly square planned Ottoman city khan. Moreover he showed 

the khan’s location in his sketch plan of the city (Figure 17), and in his photograph 

(Figure 18), Hatuniye Mosque and the surroundings can be seen. 

 

 

 

Figure 17. Sketch plan of Manisa. (On the very left hand side there is Kurşunlu Khan, 
the mosque of Hüsnüşah Khatun, Hatuniye Mosque, lies just below, while the 
main axis follows towards right with other complexes on it.) (Source: Wittek 
1931). 
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Figure 18. View of Hatuniye Mosque. Kurşunlu Khan’s Northern facade can be seen 
partially on the left hand side. In the background, Sipil (Sipylus) Mountain 
(Source: Wittek 1931). 

 

 

2.4.1. The Concept of “Khan”  
 

It is possible to describe identical characteristics of the commercial buildings in 

general regarding the Ottoman era starting from 15th century. The khans were among 

the irrevocable components of the Ottoman city centers which were not only a place for 

exchanging goods, but also a place for industrial activities with many workshops. In the 

medieval age, the variation of the building with same function takes different names in 

different geographies: caravanserai in the Middle East, gasthoff in Germanic, inn in 

Anglo-Saxon, hospitium or auberge in Latin and fondaco in Geneon and Venetian 

(Güran 1976). 

Güran (1976) puts forward that “khan” typologically derives from the ribat in 

Central Asia which was used primarily to provide safe shelter for traders and travelers, 

and were composed of a courtyard and colonnaded portico, without any closed space. 

Throughout the history, those buildings in Turkish Architecture leave their places into 
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two types of khans: first, menzil hanları referring to the khans on trade routes, and 

second şehiriçi hanları referring to the khans located within the cities. Anatolian Seljuk 

onwards, the latter was also in existence, e.g., Konya Şekerfurşunlar, although none 

could survive up today. In the Ottoman period, due to the advances in urbanization and 

commerce, the latter was evolved extensively leading to a particular typology. To sum 

up, şehiriçi hanları, like in the example of Kurşunlu Khan, are differing from the ones 

built at the outskirts of the city on trade routes which intend primarily to provide shelter 

for traders, their animals and goods. Besides, they were built as a part of külliyes close 

or distant to the other components. Hence, they do not reflect any defensive 

characteristics (İlter 1969, Güran 1976, Ersoy 1991). Moreover, these khans did not 

only offer accommodation facilities to merchants and travelers for short-term stays, but 

also allowed commercial facilities within the shops located typically on the ground floor 

serving as a place of trade.  

There also exists a common architectural typology for the şehiriçi hanları in the 

Ottoman Era. They are generally two-storied buildings. The ground floor consisted of 

storage places, workshops and a stable, whereas the second floor was dedicated for 

accommodation of the traders. (Yalçıner 1997). They were built in a considerably 

utilitarian manner. On the contrary to their pure utilitarian geometry and details, which 

is also found quite monotonous and repetitive, a dynamic and colorful life was going on 

inside with merchants, artisans, goods, etc. Outer shell of the building is generally in a 

simple rectangle with some exceptions which are located in dense organic urban 

patterns. The massive shell contrasts with the more impressive inner courtyard opening 

to sky which is typically surrounded by a revak (colonnaded portico). The use of 

colonnaded portico is a very common type of representation of the period’s architectural 

style (Kuban 2007). At first sight, one can find it similar to the false impression of 

colonnaded portico by row of arches used Anatolian Seljuk Caravanserais, however 

their vaulted galleries are not semi-open circulation areas like in the şehiriçi hanları 

(Tükel Yavuz 1997).  

The particular typology with a central courtyard and the use of colonnaded 

portico remains the same starting from the earliest examples, i.e., Emir Khan (1336) in 

Bursa, to the last examples of the empire (Kuban 2007). The early examples are with a 

single courtyard. In the later times, there are two or three courtyards for different 

functions, e.g., one for rooms and one for stable. Very first examples of those can be 

found around Bursa, as well as in İstanbul. These are the ones dedicated to commerce 
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(Yalçıner, 1997). On the other hand, it should be noted that Ersoy (1991) categorized 

the Ottoman city khans of İzmir into two: the khans with a courtyard and the khans 

without a courtyard. Nevertheless, the latter had a few examples, which is similar to 

arasta in rectangular shape with an inner corridor and spaces opening to it. The 

construction of the extroverted adjacent shop rows was closely related to the possible 

financial sources of the pious foundations for construction works and the properties of 

each land (Kuban 2007). If there are shops on the ground floor, they are open to the 

streets rather than to courtyard (Yalçıner 1997). Besides, it is very common in typology 

to have a central fountain and pool in the courtyard, which is generally multilateral or 

circular in plan (Ünsal 1959).  

They generally have more than one main gate as they are planned more for 

commercial facilities than the defensive ones, distinguishing from the Seljuk ones 

(Ünsal 1959). The main gates were organized in two variations: the ones which are on 

the same level with the belonging facade, and the ones designed as a taçkapı (portal) 

which are slightly shifted outwards. If shops existed, they had large arched openings. 

The rest of the mass remained windowless in this level of the khan. The inner spaces 

opening to colonnaded portico had windows and doors. On the contrary to ground floor, 

each space had a single opening, in a vertical rectangular shape, on the first floor (Ersoy 

1991). 

Masonry system was applied for the constructions whereas there were rare 

timber ones that could not survive until today (Kuban 2007). The construction material 

is either cut-stone or rubble with or without brickworks, whereas inner filling was done 

by rubble stone. If there was no brickwork used, two types of applications were done: 

single color or double color stonework. If brickwork was also included, the composite 

bonding might be either as consecutive stone and brick courses or vertical brick courses 

along the stonework. This application could easily be recognized on either facades or 

also on the walls facing colonnaded portico. Moreover, the casings of doors and 

windows were made of brickwork, stonework or in a composite order (Ersoy 1991). It 

should be noted that there were slight differences in material culture according to local 

construction technique and traditions and the material usage, e.g., different stone 

properties brought from local quarries, bricks gathered from local kilns, etc. For 

spanning a space, domes were used widely, in addition to vaults and timber roofs. The 

motivation for the use of domes were based on two parameters: their greater success in 

load distribution and the lightweight characteristics (Kuban 2007).  
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2.5. Architectural Characteristics of Kurşunlu Khan 

 
The most apparent part of a building is its physical structure. Besides, it is not a 

simple matter of creating a frame, but also they are reflections of material culture of the 

history (Roth 2007). Each building is a particular example of a physical character which 

vary according to style and period. The geometric order of Kurşunlu Khan derives from 

the Ottoman style, specifically to the very early examples of the Ottoman classical style.  

Kurşunlu Khan like the other buildings composing the Külliye of Hatuniye, was 

erected on a nearly flat land in the Quarter of Serabad, which is today called Quarter of 

Ege. The Borsa Street (also known as Dr. Sadık Ahmet Street) lays in between Hatuniye 

Mosque and Kurşunlu Khan, which is slightly uphill towards East (Figure 20), It is a 

two-story building, originally built almost square in plan, circa 48 × 51 meters, with an 

inner courtyard located in the center, circa 28 × 24 meters in size. 

There are 10 large openings facing to Borsa Street, and 10 other large openings 

facing to 1818 Street on the ground floor, which are the display of the shops, i.e., the 

khan is surrounded by shops on North and West directions (Figure 21). On the contrary, 

there are neither shops nor their related openings on the other two facades (Figure 22). 

All the facades unite with arched window openings of the cells on the first floor, which 

are followed by the lines of small chimneys that add an interesting perception to the 

exterior. The portal is located on the 1818 Street on the West, which is set slightly to 

right side of the mass, so it is not exactly on true-axis. Correspondingly, there are 6 

openings on the left hand side, whereas there are 5 openings on the other side. The 

portal is also recognizable on the facade, which is slightly longer in height, and located 

slightly interior regarding the rest of the facade. The portal opens to a vaulted entrance 

hall which has two niches on its both sides. There is also another entrance to the khan, 

on the same axis, at the opposite side from 1300 Street. This entrance is reached by 

stairs from the street downwards for a level change of circa 5.50 meters.  

 



 

 

 

Figure 19. (a) Aerial image of Kurşunlu Khan, viewed from Northwest, (b) and (c)     
                 Northern view of Kurşunlu Khan, (d) Main enterance on the West facade,            
                 (e) Secondary entrance on the East facade. (Source: Saygı 2015).  
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Figure 20. Site Plan of Kurşunlu Khan showing as-found state 
(Source: ARK İnşaat 2011). 
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Figure 21. West and North Facades of Kurşunlu Khan showing as-found state 
(Source: ARK İnşaat 2011). 

 

 

 

Figure 22. South and East Facades of Kurşunlu Khan showing as-found state  
(Source: ARK İnşaat 2011).  
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Following the entrance hall, a great courtyard surrounded by a colonnaded 

portico is found. There are 36 homogenous cells, excluding spaces for entrance hall and 

the latrine, of the ground floor, opening to the colonnaded portico (Figure 23). All of 

these cells are repetitive in spatial character. Each of the cells is circa 3.10×3.50 meters 

in size, and all are rectangular in plan and vaulted. Besides, each of the cells has a 

window and a door for the spatial connection. The Southeastern corner of the building, 

as a rectangular mass, is mutilated on the ground floor in order to locate latrines. The 

portico just in front of them supports the covered gallery in front of the cells of the 

upper floor. The upper floor can be reached by the stairs located on the left hand side 

after the great entrance hall. On the first floor, there are 38 homogenous cells, excluding 

the latrines. Each of the cell is again circa 3.10×3.50 meters in size, and all are 

rectangular in plan, vaulted spaces. Besides, each of the cells has a door for the spatial 

connection with the gallery differentiating than the ones located on the ground floor. 

Moreover, in each, there is a fireplace and one or two niches. The spatial solution for 

the latrines is exactly repeated as the ones on the ground floor (Figure 24). 

 

 

 

 

Figure 23. Section of Kurşunlu Khan showing as-found state 
(Source: ARK İnşaat  2011). 
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Figure 24. Floor plans of Kurşunlu Khan showing as-found state 
(Source: ARK İnşaat 2011). 
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The khan is a masonry structure, built of courses of stone with brick layer(s) 

which is very common for the public building constructions of the era. Though, this 

character finds two kind of application, excluding the definitely differentiating Western 

portal. The West and North facades, and the walls of the colonnaded portico facades are 

built with cut-stone with 2 or 3 layers of brick set in a thick layer of mortar Besides, a 

vertical brick is placed before each cut-stone. On the contrary, rough-cut stone with 

layers of brick set in a thick layer of mortar is used for the East and South facades 

(Figure 25). 

The exterior and interior walls which make the vertical structural system 

together, are the same in character for first and second floors, and 100 to 120 

centimeters in thickness. Whereas, other walls that are used for separating the spaces are 

again in masonry system, but 70 to 80 centimeters in thickness. The elevation of the 

ground floor is circa 4.50 meters in height, whereas it increases up to 6.65 meters for the 

ground floor including the height of the domes on the top. The shops located on North 

and West directions are also built of courses of rough-cut stone with layer(s) of brick set 

in a thick layer of mortar, circa 70 centimeters in thickness. The openings of those shops 

are spanned by arches made of brickworks and circa 30 centimeters thick. The upper 

surface of those shops are made of barrel vaults. 

There are 26 columns with a diameter of 50-55 centimeters at the bottom, and 46 

centimeters at the top surrounding the portico. A very common way for masonry 

structures to span the openings by arches is applied for the portico. Several arches are 

placed end to end in which they are placed on columns that all together forming the 

colonnade. There are 7 arches on both East and West directions, and 6 arches on both 

North and South directions. Therefore, there are 26 arches in total. The barrel (also 

known as tunnel) vaults, which can be visually described as the results of arches pushed 

through the space, are used for covering the semi-open portico on the top. They are 

constructed with the courses of brickwork and are 20-25 centimeters at least in 

thickness. Moreover, the long shaded vaults of the ground floor form attractive 

perspectives. On the first floor, again the same number of arches placed end to end and 

series of columns are forming the colonnaded gallery. Differentiating from the ground 

floor, the diameter of the columns on the first floor are 45-47 centimeters at the bottom, 

and become 40-50 centimeters at the top. Moreover, domes, which are visually 

generated based on rotating an arch about its center in vertical axis, are covering the 
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semi-open space on the top. The domes, which are massive shell of brick courses, are 

30 in total number. 

 There is no interior or exterior ornamentation. The only component representing 

ornamental characteristic is the portal’s facade, where there is a two-color application of 

white and red cut-stones as horizontal layers (Acun 1999), where the shape of cut stone 

was nearly perfect in shape (Figure 26). 

 

 

 

Figure 25. Partial photo of the North (left hand side) and South (right hand side) facades 
in which masonry works can be easily distinguished (Source: Saygı 2015). 

 

 

 

Figure 26. Photo showing the two-color application of stonework at the main entrance.  
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2.6. Comparative Study 
 

Spatial and physical characteristics of other khan examples of the period are 

compared with Kurşunlu Khan for a better understanding (Table 4). 

The volumetric order of Kurşunlu Khan consisting two floors almost square in 

plan with a central courtyard surrounded by a colonnaded portico is similar to Bey 

(Emir) Khan (1336), Fidan Khan (1400s), Geyve Khan (1400s), Koza Khan (1491), all 

in Bursa; Pirinç Khan (1508) in İstanbul, Yeni Khan (1543) in Tire and Taş Khan 

(1600s) in Menemen.  

It is a later example of the aforementioned building typology than the ones 

located in Bursa while an earlier example compared to the ones located in the same 

region. It is also seen that Kurşunlu Khan is identical to the other khan examples of the 

Ottoman period of Beyazıd II, i.e., Koza Khan in Bursa, Pirinç Khan in İstanbul.  

The scale of the mass (48mx51m) is smaller and the number of rooms are less 

than Pirinç, Koza and Fidan Khan in Bursa, while it is greater than the rest. 

The portal is in line with the façade differentiating than Geyve Khan, Koza Khan 

in which the portals are recognizable as additional rectangular volumes.  

Kurşunlu Khan has surrounding shop rows differentiating than Bursa examples, 

but is similar to Tire examples of Kutu Khan (1429), Çöplüce Khan (1442), Ali Efe 

Khan (1525), Bakır Khan (1543), and Yeni Khan (1543). 

 Cantay (1989) records that there is a certain division of spaces separated to the 

people and animals in the khans with colonnaded portico, and the space for animals are 

generally solved as an individual space. Kurşunlu Khan has a secondary entrance like 

Taş Khan in Menemen, Bey (Emir) Khan, Fidan Khan, Geyve Khan and Koza Khan in 

Bursa.  

The secondary gate of Kurşunlu Khan should once be linked to a stable for 
animals. 
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2.7. Restitution States of Kurşunlu Khan 
 

Over the centuries, the building has undergone a series of modifications, and 

transformations that were required due to either man-made or natural causes (Süllü 

2010). Therefore, it is preferred to represent the khan according to determinate historic 

changes within the following temporal states: (i) the original state of the khan in 1498, 

(ii) the repaired state of 1643 following an earthquake in 1611, (iii) the repaired state of 

1848 after a fire in 1843, (iv) the intervened state of 1908 due to re-functioning as a 

prison, (v) the intervened state of 1954 caused by a street widening, (vi) the restored 

state of 1970 following the restoration campaign of 1966-1970, and (vii) as-found state 

of 2011 (ARK İnşaat 2011). Nevertheless, it should be noted that, the states are not 

introduced solely in those certain historic moments, but also explained in the specific 

time interval for a better understanding. 

 

2.7.1. Original State (1498) 
 

The original state of Kurşunlu Khan dates back to 1498. In the bigger picture, 

understanding Ottoman Architecture of 15th and 16th centuries is quite challenging due 

to the lack of any existent original plans or models (Necipoğlu 1986). Nevertheless, 

specific to the case, the charter of the pious foundation allows us to reach one of the 

primary sources. In the original state, Kurşunlu Khan had 36 rooms on the ground floor 

and 38 rooms on the first floor, it had a big inner courtyard with a pool in the middle 

and a big stable at the rear. It is also recorded that it had 21 juxtaposing shops (Süllü 

2010). Correspondingly, the khan carries typical functional characteristics of the 

şehiriçi hanları, and was a profit-earning unit of the Külliye of Hatuniye. Today the 

mentioned stable and the pool do not exist anymore (ARK İnşaat 2011). Unfortunately, 

no remaining traces were found out remaining from the stable during the survey in 

1966. But, it is thought that the stable was located in the Eastern direction, related to the 

Eastern gate. On the contrary, traces of a hexagonal pool were found in the courtyard 

(Oğuz 1974) which is supposed to mark the center of the courtyard (Gökçen 1946). The 

survey campaign prior to restoration works of 1966-1970 showed some clues regarding 

to the material culture of the building: chimneys made out of brickwork, the square 

brick tiles used as the original floor covering of the rooms, stone used as the original 
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floor covering of the semi-open parts, and lead is used with specific nails for the roof 

covering (Oğuz 1974). 

 The translations of the Charter by Süllü (2010) and Gökçen (1946) are found 

coherent with the findings of Oğuz (1974) about the building. Besides, those overlaps 

with the physical clues and characteristics of the building itself and is represented in the 

restitution drawings by ARK İnşaat (2011). Correspondingly, the information about the 

building, except the stable, are found 1st degree reliable information (Figure 27). The 

stable itself has descriptions about the location and its relation with the building, but 

there exists neither traces nor remaining about the geometric composition and size. This 

must be due to the endurable material used for its construction. As a result, the stable 

offered in this study has 3rd degree reliability due to the uncertainties about exact 

location, form, size, and material characteristics. 
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2.7.2. 2nd State (1643)  
 

Emecen (1997) recordts that the rooms of Kurşunlu Khan were reserved to the 

accommodation of Jewish community referring to a document by the court of 1560. In 

that document, it was written that the first Jewish group, who arrived in Manisa 

following the expulsion by the Tribunal of the Holy Office, were residing in the rooms 

of the large pious foundation. At that time, the pious foundation by Hüsnüşah Khatun 

was the largest one, and the rental income was providing an important and steady 

financial source. 

Kurşunlu Khan was altered by the earthquake in 1611/1020. Regarding that an 

instruction on its repair is set from imperial center, Istanbul. Besides, a major repair 

campaign is held around thirty years later in 1643/1053. In the report of exploration 

prior to repairs, it is stated that 12 arches on ground and first floors in Southern 

direction, the roof cover of the stable, windows and doors of the rooms were damaged 

(Gökçen 1946).  

In addition, in 1671, Evliya Çelebi recorded that the khan was a cereal market, 

and Persian and foreign merchants were staying there (Dağlı and Kahraman 2007) In 

another record, it is stated that one more repair campaign is held in 1677/1088 (Gökçen 

1950). Other than these, no records of change found for the 17th and 18th centuries. 

 The restitution of the 2nd State is done representing the repairs of the 1643 as 

other changes are found indeterminate. Within the light of administrative documents 

translated by Gökçen (1946) the repaired parts have 2nd degree reliability as there is 

neither definite information nor clue on those repairs such as material, exact form, 

dimension or location. Besides, the roof cover of the stable has 3rd degree reliability due 

to the uncertainties about exact location, form, size, and material characteristics.(Figure 

28).  
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2.7.3. 3rd State (1848) 

 
A report was submitted to the Governor of Aidin for the repair of the khan in 

1843/1259 (The Ottoman Archive Catalogues 2015). Following, another report dating 

back to 1848/1264, and it was stated that some spaces of Kurşunlu Khan and its wooden 

skeleton of the roof were damaged by a previous fire. Besides until 1848, those were not 

repaired, which would cause an extensive repair and increasing cost day after day. 

Accordingly, a budget was provided from the imperial funds in 1848. Subsequently, a 

repair was held in the same year (The Ottoman Archive Catalogues 2015). As a 

consequence, the lead covering of the domes and vaults were removed, and it was 

replaced with terracotta roof tiles. Besides, and drums are added below the domes (Süllü 

2010). Moreover, some other modifications were done on the ground floor. The shops 

located on the West direction were demolished and reconstructed with a longer depth. 

The portal was modified as well by adding a vaulted space in front, and a triangular 

pediment was added (ARK İnşaat 2011 quoted from the General Directorate of Pious 

Foundations) (Figure 29).  

In 1862/1279, the building is contracted to the responsibility of Sivaslıoğlu 

Tekfur Bezirgan (The Ottoman Archive Catalogues 2015). Consequently, Kurşunlu 

Khan had undergone some repairs from time to time (Oğuz 1974) until the end of 19th 

Century. Nevertheless, the building kept its original spatial characteristics, excluding 

the shops located in West direction and and the portal. Besides, it continued its original 

function.  

The documents from the Ottoman archive catalogues prove the interventions of 

the specific state; nevertheless, they lack information on architectural details such as 

form, size and material. Correspondingly, the repaired parts of the building in 1848 are 

found 2nd degree reliable. Other than that, the stable was not indicated in any source 

starting from this state onwards. Correspondingly it is thought to be demolished by the 

fire, and this unit is not included in this restitution state and in the followings preventing 

any speculative information. 
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2.7.4. 4th State (1908) 
 

The refunctioning of the khan as a prison dates back to 1908/1325. It is stated 

that Kurşunlu Khan, which was the property of the municipality and located very close 

to the çarşı, was rented in order to cover spatial insufficiency of Manisa Prison for the 

actual number of the condemned people and due to the contagious diseases around them 

(The Ottoman Archive Catalogues 2015). As a result of the change in the function, 

some major interventions were done. The colonnaded portico was converted into 

closed-spaces, i.e. rooms. Those converted spaces were connected to the courtyard by 

rectangular windows and doors, one for each. A new semi-open space was created 

juxtaposing those rooms with a simple wooden construction (Figure 30) (ARK İnşaat 

2011 quoted from the General Directorate of Pious Foundations). Although the changes 

are described as in the aforementioned documents, there are no clues coming from the 

building itself. Correspondingly, this information has 2nd degree reliability level. 

 

2.7.5. 5th State (1954) 
 

The two thirds of the city center was demolished by the great fire in 1922, 

following the Turkish war of Independence (Köklü 1998). This situation motivated 

municipality of Manisa for the preparation of an application of a new urban plan, a 

French firm prepared a new urban plan in 1927 (Gürel 1984). Accordingly, Manisa had 

a new urban character following the foundation of Turkish Republic. The urban 

renovation and reconstruction process was started to be applied in 1925 including the 

rebuilding of the commercial city center, and this process continued for 13 years. Borsa 

Street, which is located at the Northern direction of Kurşunlu Khan is amongst the first 

new street application (Çetin 2012 quoted from Köklü 1993). As a result of that, the 

above mentioned Borsa Street, which is one of the major roads in Manisa, was widened 

in 1954 (Acun 1999). That caused the demolishment of 11 shops of Kurşunlu Khan in 

the Northern direction. This was also proven by the investigations prior to restoration 

works of 1966-1970: traces of the original shops were found out by the rasp of the 

plaster of Northern walls (Oğuz 1974). After the demolishment of shops, 9 of the rooms 

on the ground floor were converted into shops by adding openings facing to street 

(Acun 1999) excluding one, which was transformed into a gate (Oğuz 1974). In the 



 

 65 

same period, the Northern façade completely changed, not only on the ground floor, but 

also on the first floor including the change of stone casings of the windows (Oğuz 

1974). and their opening organization, and an application of plaster (ARK İnşaat 2011) 

(Figure 31). The information on the changes of this state is found 1st degree reliable as 

the aforementioned changes are determinate in both the traces coming from the building 

itself (Oğuz 1974) described, and also can be explored in old photographs. 

 

2.7.6. 6th State (1966-1970) 
 

In 1966, the General Directorate of Pious Foundations started a restoration 

campaign for Kurşunlu Khan in order to cover structural deficiencies and static 

weaknesses of the building. Accordingly, a restoration work was done from 1966 to 

1970. Major decisions in that restoration work (Figure 32) were mainly in three 

principles: (i) consolidations and repairs with the original material where it was 

remaining original, (ii) replacement of the missing components with a more neutral 

form and material, and (iii) in parts where structural problems appeared, replacing the 

element in original geometry with the use of a stronger material (Oğuz 1974). To that 

day’s knowledge, concrete was chosen as the material. It was believed that it would be 

identical in the future explorations and the material was more durable. Nevertheless, it 

should be underlined that, today it is an intervention decision to be avoided as it is also 

declared in international platforms (Feilden 1994).  

The following interventions were done with the above listed principles:  

First and foremost, the additional walls around the colonnaded portico on the 

ground floor are removed. This was due to both 55 centimeters fail in the structure, and 

inappropriate interventions in the past. Original columns and capitals were used in place 

with respect to the difference in their heights. The walls of the rooms were repaired by 

the use of original bonding system (Oğuz 1974). In addition, the casings of windows 

and doors located on the ground and first floors were replaced with concrete ones 

including their relieving arches (ARK İnşaat 2011). 

Concrete beams were added in between columns, and between columns and 

walls for providing protection against any structural failure. Secondly, on the first floor, 

the columns were not found in a single fragment, but composed of multiple stones 

except only one column. Accordingly, those columns were replaced with concrete 
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columns with the same dimensions for a structural consolidation. Only, 38 centimeters 

concrete bases were added for leveling it with the arches connected to the first floor 

walls. The arches were reconstructed with stone and brickwork and the domes with 

brickwork as in the original state. The same application of the concrete beams was 

repeated here as well for providing protection against any structural failure. Moreover, a 

concrete guardrail with 90 centimeters height and molding made of concrete was added 

in between the columns of the colonnaded portico. In addition, the facades of the 

colonnaded portico facing to the courtyard were finished by saw-teeth eave composed 

of 5 consecutive layers like in the original state (Oğuz 1974).  

More importantly, the shops located in the West direction were reconstructed 

into original size with respect to the traces coming from building. Additional building 

elements are removed from the main entrance, by this way the portal converted into its 

original shape.  

Next, the Northern gate which was opened by the interventions of 1954 was 

closed, and the entrance hall converted into a storage space (Oğuz 1974). 

The floor covering material was replaced with the original material, i.e., square 

terracotta tiles. The roof covering was thought to be replaced by lead as in the original 

state, however, galvanized sheet with a lead appearance was used due to the budget 

constraints. Next, the chimneys were reconstructed with a height till the upper level of 

the domes. A cylindrical terracotta pipe is placed above the chimneys, and finished with 

a conical element. Lastly, a hexagonal fountain was reconstructed, in smaller size, 

although an octagonal one was designed for the restoration project (Oğuz 1974).  

The information on the changes of this state is found 1st degree reliable as they 

are explicit in the traces coming from the building itself, old photographs, and also 

clearly recorded in the article by Oğuz (1974). 
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2.7.7. As-found State (2011) 
 

When the changes following the 1966-1970 restoration works is investigated, it 

was found out that, the building was in use as a private dormitory by an association, 

namely, İmam Hatip Orta ve Yüksek Tahsil Gençliğine Yardım Derneği. The reports by 

by the Izmir Number 2 Regional Conservation Council of Cultural and Natural Wealth 

in 1991 shows that there were unconscious interventions to khan by the tenant. The 

amateur interventions following 1966-1970 restoration campaign caused the change of 

original geometric order by the unification of some rooms at the Southern part, removal 

of some chimneys and its related walls and addition of doors. In the following year of 

the investigation, those changes were removed, and the monument was partially 

transformed into its previous state. Other than that, some other minor interventions were 

done, such as ceramic tile application in WC, addition of movable water fountains to the 

Eastern gate, addition of a roof with iron skeleton to the Eastern facade, and dying and 

whitewash applications (Süllü 2010).  

Nevertheless, those changes have uncertainties and limited to being solely 

descriptions as they are now not explicit on the site. Correspondingly, the measured 

drawings of the as-found state of Kurşunlu Khan of 2011 is used which are provided by 

ARK İnşaat. Accordingly, alteration analysis is based done on those drawings. It is 

found out that: colonnaded portico is transformed into classrooms and a cafeteria by 

adding walls, doors and windows on the ground floor. The colonnaded portico on the 

first floor transformed into a closed-space. A plaster layer is applied on the Northern 

façade for the ground floor. The frames of the openings of shops both on North and 

West directions are replaced with aluminum ones. Besides, a simple roof with iron 

skeleton is applied in front of the shops on the West. Ceramic tiles are applied for the 

flooring of some rooms. (Figure 33). 
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CHAPTER 3 

 

STRUCTURING OF THE RESTITUTION DATABASE 

 

 
All those involved with the understanding, care, and management of a heritage place must have 
access to existing information and will generate records, which must be preserved and made 
available to others. It is the task of heritage managers and decision makers to establish policies 
and programs for the correct recording and effective management of conservation-related 
information… (Letellier 2007) 

 

As stated in the above lines of Letellier 2007, the correct recording and effective 

management of architectural heritage information has a priori importance. 

Correspondingly, this chapter focuses on “how to” establish and apply a coherent 

framework in order to fulfill that requirement, and in particular, it covers a 

methodological proposal for developing a restitution database, covering also a priori 

experiments shaping the decision process. Besides, it includes the definitions, 

characteristics and structure of the overall process of implementation. 

 

3.1. Terminology 

 
There are a number of different terms that are used in this chapter with regard to 

the information management. The basic special words and phrases used in the particular 

field are briefly introduced in this section for a better understanding.  

The first thing that should be cleared is the definition of the term database. A 

database is any collection of data (or information) that is specially organized for rapid 

search and easy retrieval in digital environment (Britannica Online 2016). Ogleby 

(2007) illustrates an adaptive definition of it for the architectural conservation as a 

collection of various types of data, including photographic images, sketches and 

measurements, condition assessments, and other pieces of information. 

A database management system (DBMS) facilitates several processes like 

definition of data types, structures and constraints, structuring, and storing. It also 
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allows for manipulation of the database, querying specific data and any updates in 

database by changing values (Ramakrishnan et al., 2002). By these means, the databases 

store all data items in an integrated way rather than having redundant data in 

disconnected files. Hence, there exists the very common definition of databases as “self-

describing collection of integrated data”. In a relative manner, there are five major 

components of a DBMS as: (i) a particular hardware corresponding to requirements, (ii) 

software for DBMS and any other complimentary applications, (iii) data as the most 

important component indicating both metadata and operational data, (iv) procedures 

defining rules and instructions, (v) distinct types of people participating in any level 

(Connolly and Begg, 2005). 

A data model is a standardized way of organizing and structuring data. There are 

three level of abstract forms for any data model comprising conceptual, logical and 

physical levels. It is crucial to start the data modeling process with the definition of a 

conceptual data model in which the case’s specific properties and the users’ 

requirements are deciphered (Elmasri and Navathe 2011). A conceptual data model 

includes a map of concepts, their relationships and included semantics. In a common 

analogy, this process is quite similar to the paradigm of conceptual modelling in 

architectural design, in which architects seek for design concepts specific to project, and 

validate them according to the users’ criteria and needs (Yeung and Hall 2007). Similar 

to that metaphor, a conceptual data model is used in the initial planning phase of any 

database with graphic expressions and verbal descriptions for development, and it does 

not include any reference to the physical structure of the database. In particular, it is 

independent from any hardware or software. Consequently, the conceptual data model is 

the representation of the “real-world” features with the highest level of abstraction. This 

model represents those features to be included in the database and their characteristics 

(Connolly and Begg 2005). Secondly, the logical data model is the correspondence of 

all existent data in a standardized way and it is based on the concepts derived in 

conceptual data model. The logical data model (or schema) uses conventional relational 

database model notation, which is based on the mathematical concept of a relation and 

physically represented as tables (Yeung and Hall 2007). Lastly, the physical data model 

is the actual database design which is the physical representation of the database 

showing how all entities, relations and attributes are stored. Besides, it includes the 

representation of how different end users perceive the interested data. 
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The brief introduction above about the three keys, i.e., database, database 

management system and data model, is given to provide a link to the basics of the field. 

Nevertheless, the peculiarity of each application requires use of other terms which will 

be described in the related applications during the methodological flow.  

Eventually, this chapter is devoted to the implementation of the proposed 

restitution database, and also related a priori works. Therefore, preliminary experiments 

with both BIM and GIS as commonly used models are described in Section 3.2 

exposing pros and cons of commonly used models, and beyond that to propose a 

methodological flow for architectural heritage information management. It is followed 

by a critical look at the approaches including their comparison in terms of the 

capabilities in Section 3.3. Afterwards, a detailed description of the implemented 

database as a hybrid approach is illustrated in Section 3.4. Besides, it includes, the 

inspection of the data model in the context of conceptual, logical and physical levels. 

The aspects of the proposed database in that framework, including geometric and spatial 

data model, data integration, storage, management, and access and visualization are 

evaluated in the framework of the database management systems. 

 

3.2. Preliminary Experiments 

 
Considering the peculiarities of historic buildings, databases help separating 

segments of information and putting these segments together in a structured way for 

allowing new information to be derived or linked to 3D data (Agugiaro et al. 2011 and 

Von Shwerin et al. 2013). This means the use of semantic enrichment of 3D models, 

which is also the solution for restitution phases of a historic building. The criteria for its 

production process needs: 

(i) Definition of specified mutual and hierarchical relationships,  

(ii) attribute management,  

(iii) 3D editing functionalities,  

(iv) spatial and multi-criteria query-able characteristics,  

(v) representation of datasets in 3D, 

(vi) representation of restitutions. 

Consequently, it is a complex spatial assessment process (Saygı and Remondino 

2013). Regarding the defined criteria above, it is necessary to go beyond the geometric 
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data composed of either 3D geometries or 2D primitives as lines and points, and 

engagement of the detailed geometric and related spatial data with non-geometric data 

types. In this context, preliminary experiments respectively with Building Information 

Modeling (BIM) and Geographical Information Systems (GIS) are held. 

 

3.2.1. Experimentation with BIM 

 
As of today, there exists a number of BIM software. At the core of any BIM 

approach there are model-centric workflows. These workflows determine the methods 

and techniques for creating asset models as various outputs such as 3D model, section, 

plans, etc. (Autodesk n.d.). As of today, researchers find that Autodesk Revit as the 

most comprehensive one among others, that software is selected in order to carry out 

experimentations. The concise workflow in the BIM experiment for the case study is 

illustrated in Figure 34.  

 

 

 

Figure 34. Workflow in BIM environment. 
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In Revit environment, typically, a building can be created by 3D building 

components, e.g., walls, floors, roofs, doors, etc., which are offered as built-in 

parametric 3D building components. This allows users to modify a given component by 

changing predefined parameters such as height or width. Each component is belonging 

to a “family", i.e., components from the same genesis, with a file extension of .rfa, 

which can be modified and imported into a Revit database. Nevertheless, the 

customization is very limited for those built-in objects (Saygı et al. 2013). Regarding 

the complexity of 3D geometric and spatial properties of a heritage building, an 

alternative way is selected to build new components, and their respective families 

starting from the very beginning. This initial phase has been possible with the use of 

pre-made solid objects one by one. Following that process and corresponding historic 

buildings’ components (due to building deformations or alterations), there is a need for 

modifying an object’s individual polygons, but as it lacks the ability in some geometries 

this has barely been possible. 

After creating a new family and its belonging building components, component 

and family parameters can be created, and the combination of parameters can be saved 

as a type. Thereby, the process of component creation as new 3D parametric objects - 

the objects which have values that can be change by altering the size or shape of the 

object for the case study has not been a simple task. In order to overcome the 

difficulties, importing objects from Autodesk 3DS Max is also considered. But, it has 

not been a practical solution as the produced 3D geometries could not be directly linked 

directly due to the interoperability facts. On the other hand, the structure scheme of 

Revit offers only fixed hierarchies which do not fit into specific needs of a historic 

building (Saygı and Remondino 2013).  

The following phase has been the management of properties by assigning 

attributes. Inside Revit, editing type and instance properties has been very limited. So, 

migration into the Microsoft Access is considered as there is a built-in support by 

RevitDBLink. The exported data include assigned parameters such as length, volume, 

material, etc. to components in worksheets. In Microsoft Access, it has been possible to 

insert specific data by adding new columns to a table for integration. However, any 

manipulation in the already exported data has not been possible. Other than the 

aforementioned points, a critical concern has been due to the fact that chain between 

Revit and Microsoft Access is incompatible for 64-bit Windows environments.  
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3.2.2. Experimentation with GIS 

 
There is a variety of GIS software for managing multi-layered spatial data; 

nevertheless, those are generally bounded in 2D with some exceptions in 2.5D – 

extruded building footprints –  as external surface models. Esri ArcGIS is the one that 

supports 3D functions with its modules of ArcScene and ArcGlobe. As a heritage 

building necessitates analysis in 3D, Esri ArcGIS was selected to conduct the 

experiment. In a typical workflow of ArcScene, it is possible to create new 3D features 

with the use of polygons or multipatches produced in ArcMap. However, the production 

of the new geometries representing building features has been very limited and time-

consuming. Consequently, they are modeled in an external but more conventional 

environment, i.e., Autodesk 3DS Max; afterwards, imported into the ArcScene. 

Throughout the modeling process, each building component is modeled individually in 

order to create segmented 3D model. Nevertheless, it should be noted that conversion 

process causes some loss of information. After all, the 3D model could be used for 

enhanced attribute management by means of GIS’ data management capabilities. The 

brief workflow in the GIS experiment for the case study is illustrated in Figure 35. 

 

 

Figure 35. Workflow in GIS environment. 
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3.3. A Critical Look at the Approaches 

 
Within the light of the experiments shown in Section 3.1, and the critical 

evaluation of the current works in literature in Section 1.2, it is found out that both 

approaches have some restrictions due to their specifications considering the needs 

historic buildings and representation of their restitution states (Table 5). 

 

 

Table 5. Comparison of the capabilities of BIM and GIS for the semantically enriched 
3D model creation (Source: Saygı and Remondino 2013). 

Criteria for Information Management Process BIM GIS 
Definition of specified mutual and hierarchical 
relationships 

û ü 

Enhanced attribute management û ü 

3D editing functionalities ü û 

Spatial and multi-criteria query-able characteristics û ü 

Representation in 3D ü û 

Representation of restitutions ü û 

 

 

On one hand, in a BIM environment "intelligent" building elements and 3D 

digital models can be created. They consist of full architectural properties (dimensions, 

material, texture, etc.), but there is lack of integration of new attributes covering 

restitution states of a historic building which are different than the “standard” 

architectural properties. More importantly, the building elements are bounded to the 

specific library of BIM software which are based on new building technologies 

according to their specifications. Creation of new elements and families is a long 

manual process, especially if we think that “historic” buildings are often composed of 

“non-standard” elements, or some architectural features are not used anymore, as BIMs 

are conceived for modern buildings. Today, there is a great attempt to increase BIM 

capabilities for more comprehensive, sophisticated and query-able characteristics 

(Garagnani & Manferdini, 2013), but there are no applications covering the 

characteristics of historic states yet. Besides, post-data processing for attribute 

enhancement and integration of different datasets is unresolved. The Industry 
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Foundation Classes (IFC), a standard data format developed by international Alliance 

for Interoperability, aims to cover both geometries and semantics (Kolbe and Plümer, 

2004). Recently new attempts for post-data processing and data management have been 

presented, both as open and commercial software solutions. Examples are Building 

Information Modelserver (http://bimserver.org/) based on IFC format, the Open BIM 

movement initiated by Graphisoft, Tekla and buildingSMART 

(http://www.graphisoft.com/openbim/) for enrichment of attribute data related to 

building elements, zones or complete buildings (Saygı and Remondino 2013). 

Nevertheless, enhanced attribute management for restitution states is not yet an integral 

part of them. In other words, the integration of external attribute data is at the moment 

not fully covered. In addition, an historic building necessitates an integrated 

representation of different restitution states. This requires a layered modeling approach 

in which we can select a temporal state, and represent it in a multi-layered 3D 

environment.  

On the other hand, it is possible to create and access semantically-rich objects in 

GIS environment (Kolbe and Plümer, 2004). In this context, attributes can be easily 

joined to geometries and a relational database can be built in GIS. Nevertheless, 

“standard” GIS products are still limited with regards to 3D editing functionalities as 

they generally only allow construction of simple 3D elements as geometric primitives. 

So, creating and visualizing complex 3D restitution models using a GIS software can be 

still problematic. In order to solve this, any compatible 3D modeling software can be 

used for modeling, coupled with some plug-ins for importing/exporting, but this 

inevitably makes the process longer. As an exemplification, we can create detailed 3D 

models in Autodesk 3DS Max and import them into GIS environment with the use of 

plug-ins. However, in the conversion process, as the geometrical schemes and related 

descriptions are different and (sometimes) not compatible at all, some information 

might be lost during the process, so that particular attention must be paid during this 

phase. Although, GIS products are still limited with regards to 3D editing functionalities 

if once 3D geometrical modeling is done with compatible software, GIS show the 

possibility to identify key aspects for representation of different information, 

enhancement with any type of attributes, and query or visualize any thematic concepts 

in 2D/3D/4D forms. 

In summary, the outcomes of the preliminary experiments have shown that 

neither using BIM or GIS solely corresponds the particular needs of structuring a 
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restitution database. In the former it has been possible to manage architectural data in 

3D environment, but attribute enhancement and integration of non-geometric data were 

barely possible. In the latter, 3D modeling was quite compelling and inefficient, 

whereas it allowed advanced attribute enhancement. Correspondingly, both of them do 

not directly support an efficient restitution database for a historic building. Within the 

light of these outcomes, a new methodology is offered for structuring a restitution 

database which can be applicable to any other historic building with some calibration. 

The system offers linking of heritage data gathered throughout the synthesis of 

restitution is integrated to the 3D geometric model, and representation is provided 

through graphic and tabular interfaces. 

 

3.4. Definition and Characteristics of the Proposed Approach 
 

 In this section, the proposed methodology (Figure 36) is implemented for the 

case of Kurşunlu Khan, with respect to the requirements of understanding the 

“wholeness” of the historic changes of the building. Accordingly, the analyzed 

information behind the 3D geometries is formulized and systemized for structuring non-

geometric data types, i.e., (i) textual data (archival information, written documents), and 

(ii) raster data (photographs, old maps, scanned documents).  

 The proposed restitution database should allow archiving of semantically 

enhanced 3D model for each restitution state of the building in a flexible way, and be 

capable of assignment of different data for its diverse parts and components. Therefore, 

an efficient restitution database necessitates structuring according to these requirements. 

The process, and related tools and software is illustrated in Figure 36. 

 Each step is introduced and extensively demonstrated consecutively in the 

following sections. 
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Figure 36. Overall workflow and architecture. 
 

 

3.4.1. Conceptual Data Model 
 

Conceptual data model is set on the abstraction mechanism, and it is evaluated in 

three piers of (i) identification and classification, (ii) setting relationships, and (iii) 

definition of attributes. 

 

3.4.1.1. Identification and Classification 
 

The central task in the conceptual model are objects (also called as entities or 

instances). As a consequence, “identification” of these objects is crucial. In the real-

world manner, an object is described as “a thing with conceptual or physical existence” 

(Elmasri and Navathe 2011). An object is a uniquely identifiable entity that has special 

characteristics for describing the state of a ‘real-world’ object and the actions (Connolly 

and Begg 2005). Accordingly, a unique identity is defined by each object. Besides, the 
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object can be both an atomic one or a collection object (Elmasri and Navathe 2011), i.e., 

objects can contain other objects. 

 All starts with the abstraction, so, the identification of the “seen” and related 

classification of the objects is closely related to the “reading” metaphor for the 

architecture of any building. Any description of an architectural property has double 

sided aspects: solid and hollow components (von Meiss 2013) coming together to 

produce the “wholeness” of human perception. Therefore, there exists: first, the 

building elements as the solid features, and second, the architectural spaces as the 

hollow ones. The former is a mathematical construction of physical components which 

have roles (functional, constructive, etc.) and morphologic types. The latter is born from 

the specific relationships among the former, and has explicit limits created by them. In 

other words, the spaces are identifiable as different hollow volumes that one can 

interpret following a cognitive process as they are not physical solid geometries (Figure 

37). 

 

 

 

 

building 
element 

level 
building 

context 

space 

Schematic decomposition of building geometry 

Figure 37. Reading a building and identification of features. 
 

 

Abstract description of classes 
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As a result, objects that have the same characteristics and respond to the same 

messages are grouped together to form “classes”. In other words, a class encapsulates 

all objects which share common properties. The process of classification involves 

systematically assigning similar objects to the classes. So, the classes are reasoned 

rather than individual objects (Elmasri and Navathe 2011). By this way, the 

characteristics and associated properties can be defined once for the class rather than 

separately for each object (Connolly and Begg 2005). As a consequence, the features of 

the building are characterized by the common properties in the abstraction. As classes 

are identified, meaningful names to them are assigned by the user(s). In this respect, the 

collection of objects with shared structure and behavior (Yeung and Hall 2007), i.e., 

classes in this research, are shown in Table 6. Besides the names, the descriptions of 

classes are defined in there. 

 

Table 6. The classes and their definitions in the proposed data model. 
 

Class Name Description 

Site is the indispensable piece of the ground and the 
surroundings which shapes the building context. 

Building is the product of an architectural  design and 
construction work. 

Level is the horizontal partition of a building. 

Space is a volume defined by physical boundaries and 
devoted to a particular purpose. 

BuildingElement is any solid component of an architectural property. 

Wall is any upright and planar building element shaping 
the enclosure, and bearing load in vertical direction. 

Column is an upright slender building element bearing load 
in vertical direction. 

Arch is a curvilinear building element spanning an 
opening. 

SemiCircularArch is an arch with a single central point. 

PointedArch is an arch with two centers. 

OtherArch is any other variation/type of arch. 

(cont. on next page) 
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Table 6 (cont.). 

 

Class Name Description 

Vault is an arched building element surmounting a space. 

BarrelVault is a vault with semi-circular cross section. 

CrossVault is a compound vault by the perpendicular 
intersection of two vaults. 

OtherVault is any other variation/type of vault. 

Dome is an hemispherical building element shaping a roof 
or ceiling. 

Spandrel is an upright building element between the 
adjoining two arches. 

Roof is a building element forming external upper cover 
of a building. 

Window is a light framework for air and light covering an 
opening of a space. 

Door is a light framework for human access covering an 
opening of a space. 

Beam is a linear horizontal building element loaded 
transversely. 

Niche is a defined open-space in a wall. 

Fireplace is a defined open-space in a wall for fire. 

Chimney     is an upright building element for the smoke of fire. 

Slab is any horizontal and planar building element 
shaping the enclosure. 

SlabInstallation is any type of installation on the slab. 

Fountain is abuilding element in various geometric shapes 
pouring water into a basin. 

Pool 

Staircase 

OtherSlabInstallation 

    is a defined hollow space on the ground, containing 
water. 

    Is any other variation of installation on the slab. 

AbstractBuildingElement is any other variation/type of building elements. 
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3.4.1.2. Setting Relationships 

 

Another step is to identify major classes and the classes representing the 

qualities of them. This process begins by defining superclasses and subclasses or 

inheritance, by this way the objects and classes are connected to one another through 

links. As an exemplification, the concept of “building element” is a class whose 

members are all building elements, e.g., wall, spandrel, vault, dome, and so forth. all. In 

this task, building element is the superclass of wall, or wall is a subclass of building 

elements. Behind that simple structure lays of the hierarchical model which can be 

represented as a tree graph, with records appearing as nodes (Connolly and Begg 2005). 

Basically, it works like a tree-like structure (Halpin and Morgan 2008). As seen in 

Figure 38, there is the class of “building elements”, and the “spaces” which are 

identified by them. They make the “levels” up and then the whole, “building”. 

 

Figure 38. Tree graph representing the classes used for Kurşunlu Khan. 
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Next, for setting particular hierarchies and assigning different associations, the 

conceptual synthesis of generalization and aggregation are needed. In generalization, 

the differences among entity types are not considered, but their common features are 

identified and generalized into a single superclass (Elmasri and Navathe 2011). It is the 

basic type of inheritance, this association described as is-a-subclass-of relationship or 

is-a relationship. For example, the class “Vault” is a generalization that includes the 

classes of “BarrelVault”, “CrossVault” and “OtherVault”, i.e., a cross vault is a vault. 

Aggregation is an abstraction concept for representing a relationship between a 

whole object and its component parts. It is an association that represents a part-of 

relationship. In this respect, which a new class from one or more sets of other classes 

are defined in order to represent component parts (Yeung and Hall 2007). For example, 

the class of “space” can be abstracted by aggregating the classes of “wall”, “window”, 

“door”, “slab”, “dome”, and so on. In the aggregation, if a class is removed, the objects 

can continue in existence whereas in its variation of association, objects are removed as 

well. In other words, there is a lifecycle dependency between objects and their 

superclass. 

 

3.4.1.3. Graphical Notation of the Conceptual Model 

 
Figure 39 is the conceptual data model prepared for the case study. A standard 

of graphical notation and vocabulary is used thanks to the Unified Modeling Language 

(UML) (Booch et al. 1999) for the structural scheme and dynamic behavior. This is to 

say that UML is not a method, but a language for expressing specific operations 

(Fowler 2004).  

The diagrammatic representation of each class is displayed in a rectangular form 

and labeled with its unique name. In a standard use, the label must be a single noun, 

e.g., Wall, but in case of the need for a phrase, i.e., a camel case compound word is 

used, each initial letter of the words making up the phrase in order to represent the class 

name should be in uppercase, e.g., BarrelVault. The rectangular box is to represent 

classes, and it includes three sections: the top section gives the class name, the middle 

section includes the characteristics (or attributes) for individual objects of the class, and 

the last section includes selected operations applied to these objects, i.e. the methods 

(Elmasri and Navathe 2011). 



 

 

 

Figure 39. UML diagram for the case study  
(Source: Booch et al. 1999).87 
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In the diagram, relationships between classes are simply represented by lines 

with symbols at the end of the line indicating the type of relationship for each 

participating entity. It should be noted that the relationship is only labeled in one 

direction as the relationship works only in that direction. Once the relationship type is 

chosen, the respective symbol is placed beside the name of the class indicating the 

correct direction for any reader to interpret the relationship. In particular, the basic 

diagrammatic notation is a follows: (a) hollow triangle symbol is directed to the 

superclass and connected by a line to the subclasses, (b) a hollow diamond shape which 

is used in order to represent aggregation, (c) a solid diamond shape is used in order to 

represent composition, with a small but crucial difference: there is a lifecycle 

dependency between instances and their superclass, i.e., when a class is removed, the 

instances are removed as well. 

 

3.4.1.4. Definition of Attributes 

 

To sum up previous process, classes create a common ground for shaping the 

whole. Therefore, a better management of information necessitates structuring and 

relating those classes. Consequently, (i) “classes” which help us to identify the building 

geometry, (ii) “building elements” gathered deciphering structure, (iii) “geometries of 

building elements” for specifying each, (iv) “spaces” visually created by those building 

elements, and (v) “building element – space relations” should be clarified, defined and 

structured. Nevertheless, these are not enough to cover the holistic aspects of a historic 

building without inclusion of (vi) “restitution states” for deciphering crucial time 

intervals in the building’s history. Besides, (vii) “external data” covers digitized 

information sources in different formats. 

Once, the above mentioned classes are decided, the next requirement is to 

answer the following: “What information is to be hold on these classes?” The answer to 

this question is hidden in specifications of the analysis of data regarding Kurşunlu Khan 

(Please see Chapter 2). In an abstract manner, by far the easiest thing to do is using 

identifications in order to examine specifications. From this specification, nouns or 

phrases which are of interest for the concepts are defined for the 3D models in 

variations of different restitution states. 
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First of all, each restitution state is evaluated as an independent information 

container. In each 3D restitution state model, there will be specific state name, the 

function used during that phase, the cadastral information gathered from legal 

administration, the volumetric composition of each, the specific time intervals, the 

numeric information on the model geometry, and old photographs and documents. 

Next, the concepts to be represented in the 3D models are defined. Firstly, there 

are the “classes” in which names, inheritances and descriptions are included. Secondly, 

in “building elements”, the name of the element, the restitution state it belongs to, the 

reliability of the each are included. Thirdly, in “geometries of building elements” there 

are the independent layers and 3D models of segments composing the building. 

Fourthly, there are “spaces” in which their name, belonging level, relative function, 

spatial type, geographic orientation, and existence of change are included. A traditional 

space labeling, clock-wise in direction, outside to inside, has been useful for its fast 

systemization. Fifthly, “building element – space relations” represent the inheritances, 

i.e., the specific building elements in relation to specific spaces are indicated. The same 

procedure is repeated for the “building element-space” relations”. In summary, the 

nature and properties are determined for each, and attributes identified according the 

specifications. 

 

3.4.2. Spatial Data Model 

 

At present, architects use 3D modeling as a standard practice for efficient visual 

representation of the buildings. Correspondingly, conservation-architects represent 

digitally historical buildings in 3D in diverse form of applications such as digital data 

acquisition, digital reconstructions, virtual-museum applications, etc. Besides, the 3D 

model is the most desirable way of virtual representation since it offers users an 

unrestricted and holistic visualization (El-Hakim et al. 2007). 

Unlike the approaches based on-site data collection with the results of digitally 

born 3D material, this study makes use of readily available information. The available 

graphical documentation is in forms of architectural plans, sections and elevations 

which is a standard way for representing architectural heritage information, however 

mostly in 2D. And, the representations cover two types of data-sets as measured 

drawings and restitution drawings. All are available in forms of 2D CAD drawings 
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(ARK İnşaat 2011) which are composed of geometric primitives and textual annotation. 

Nevertheless, moving towards 3D models from 2D drawings is not only the creation of 

volumetric objects but it is actually a more complex process. As of today, generation of 

3D models from 2D drawings can be automated (Or et al. 2005, Moloo et al. 2011, 

Turner and Zukhor 2014), semi-automated (Lewis and Sequin 1998) or manual (El-

Hakim et al. 2007). Whatever method is applied they require all a significant manual 

pre- and post-process effort (Yin et al. 2009, Gimenez et al. 2015). In particular, for 

historic buildings which are composed of complex geometries which lose similarities of 

their shapes in object level, a manual method is mostly required. 

As the 2D CAD drawings cover the building’s layout, it lacks details and spatial 

descriptions for holistic representations. One promising approach is to derive the 3D 

building models generated from 2D CAD drawings, and then, to complete and update 

the model with other available data-sets, e.g., old photographs, historical texts (Gimenez 

et al. 2015). The process of 3D model generation from 2D drawings is effectively 

possible for qualified representation of any spatio-temporal state. Eventually, a manual 

methodology for geometric modeling derived by the use of computer aided architectural 

design (CAAD) methods is adopted for Kurşunlu Khan. It is aimed to reach 5 

centimeters of accuracy for representing level of detail (LoD) in which there will not be 

finite model details, but will offer quite efficient understanding of the building.  

A deductive approach is considered for the logical segmentation of the Kurşunlu 

Khan with correspondence to the classes and relations defined in conceptual data 

model. On the contrary, an inductive approach is applied for the building as assigning 

different data-sets including textual, numeric, vector, raster data types to objects and 

classes, and correspondent “wholeness” requires the creation of a segmented 3D model 

(Manferdini and Remondino, 2010). Consequently, the creation of the segmented 3D 

model has been a reverse engineering process, the model is drawn from smallest 

segments, i.e., sub-classes of building elements upwards which would allow assigning 

the above mentioned thematic datasets to the objects and classes of the 3D model. 

Autodesk 3DS Max, which is a software allowing flexible creation of any 

geometry, is used as the 3D modeling tool. In the overall process, the aim is to produce 

3D triangular meshes describing objects. Accordingly, closed polygons and definitive 

solid features are used. Basically, 3D modeling is started with the extrusion process of 

vertical components, i.e., walls, using 2D floor plan created in AutoCAD. Nevertheless, 

it is not a straight-forward process and a considerable effort must be paid in the 



 

 91 

following issues: (i) the segmentation decision for overlapping or joining edges, (ii) the 

differences in height information on a single object, (iii) openings that are in non-

rectilinear forms to be subtracted. Another step is the modeling of geometries which 

cannot directly be created by the extrusion of planimetric information. Building 

elements such as arches, vaults, domes, spandrels, columns are modeled individually 

with correspondence to their belonged sub-classes. Nevertheless, modifications are 

done for each individual object in order to cover all the diversities, i.e., changes in 

dimensions (height, width, diameter, etc.) and inclusion of specific alterations. Thirdly, 

horizontal components in forms of slabs are considered. The decision of the detection of 

the boundaries of each is done with correspondence to the building element-space 

relations. Lastly, other specific building elements and installations such as doors, 

windows, chimneys, moldings, staircase are modeled (Figure 40). 

 

 

Figure 40. Exploded view of the (partial) segmented 3D model.   
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In 3D modeling, it is aimed to characterize each building element with a specific 

name and function, in order to place it conceptually into the tree diagram. In this case 

study, a naming convention is applied as a practical solution for the assignment of each 

corresponding class. This is to say it is done by means of a standardized name coding, 

due to the scarce capabilities in 3DS Max to write attributes to the geometries. Hence, it 

should be noted that in use-case of another software, one may have to adopt other 

strategies in order to have each geometry classified within tree diagram. 

Correspondingly, in 3DS Max, each building element of the whole 3D model is 

modeled and saved in individual layers (Figure 41) in order to cover the requirements in 

the following physical data model. In particular, this is required for the successive 

assignment of each 3D object to the related class independently after the 

conversion/translation process. Accordingly, a simple convention is created for naming 

the layers, and it is thoroughly used in 3D modeling. 



 

  

 
Figure 41. View of the 3D geometric model and layer system in Autodesk 3DS Max environment. 
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The naming of a layer is composed of numbers and letters, and designed in three 

parts divided by under scrolls as shown in Figure 42. 1st part of the name represents the 

class in which first two or three letters of each building element is used. 2nd part of the 

name consists both level and the temporal state information in two digits. First digit 

represents the temporal state by number in a chronological order, i.e., original state is 

shown by “1”, and the second digit of this part is for demonstrating the class-level 

relationship. Simple to the case, there are two alternatives, shown by the initial letter of 

belonging floor, i.e., “G” used as the first letter for the ground floor, whereas first floor 

is shown by “F”. The 3rd part of the name is any number, limited to three digits, in order 

to distinguish different objects within the same class. As an exemplification, 

“DOM_1F_012” is representing a dome on the first floor called by number 12 in the 

original state of Kurşunlu Khan. Lastly, it should be kept in mind that the name of any 

layer is limited to 10 digits. If there is an exceeding number of digits, some information 

might be lost during the successive data modeling phase.  

 

 

 

Figure 42. The structure of the naming used in 3D modeling process. 
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3.4.2.1. Generation of Building Elements for Successive Restitution

 States 

 

After modelling the geometries of each building in 3D, they need to be 

assembled in order to create a whole together for assigning the semantic information. 

By this process, it is possible to regenerate segmented 3D model for any restitution 

state. The building elements which remain original (unchanged), from one state to 

another, are preserved in 3D model. So, the original building elements which remain 

unchanged, whereas the changed ones are removed. Correspondingly, the original ones 

will continue to hold the same naming convention, and newly added geometries have 

new unique values according to their properties. Nevertheless, it should be kept in mind 

that this rule is only applied to the geometric modeling, when it comes to attributes, it is 

possible to assign different attributes to the same building element in different 

restitution states, although its geometry has not changed. 

 

3.4.3. Logical Data Model 

 
Geometric modeling process is followed with the translation process thanks to 

the Feature Manuipulation Engine (FME) by Safe Software Inc., which eliminates the 

major barrier due to the incompatible data formats. FME Workbench tool provides an 

efficient and automatic translation with a user-friendly graphic interface in order to 

visualize data-flow (Safe Software Inc. 2014). As a consequence, geometric data in .3ds 

format is read (extracted) and written (loaded) without any loss, for example from 3DS 

Max to the PostgreSQL/PostGIS database, or from the database to shapefile, or to any 

other common format. 

The translation of the UML classes into relations, i.e., tables can be done in very 

different ways. First of all, it is important to define relations between tables. In order to 

do that, one should decide on data types, indexes (in order to speed up queries), and the 

concept of linking the tables together. This conceptual strategy developed for this 

research provides storage of different types of attributes with regard to class hierarchies 

(Figure 43). 
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Figure 43. The logical data model used for the study. 
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Once the tables are decided, an important rule is to put only one piece of 

information (attribute) in each column. Besides, identification of constraints as 

uniqueness is important. Each attribute in a record must be atomic, it must be a single 

piece of data, not a collection of different data. In this case, each building element has a 

separate row and each piece of information is in a separate column. 

In summary, a tablespace, as a logical data structure, is a conceptual view of the 

physical storage of the existing database is created. For the case study, the tables of 

“classes”, “building elements”, “geometries of building elements”, “spaces”, “building 

element – space relations”, and “restitution states”, which were produced in the logical 

data model are used in order to first create, and then to populate each with variety of 

attributes. As the data files are the hearth of the database system, storing all the 

information it should be noted that there are some critical points and rules to be 

considered in overall process: (i) Tables and columns must have meaningful but short 

names, which is a simple goal but challenging decision, (ii) there is no implied row 

order in a database table, (iii) another important point is the definition of the data types, 

e.g., integer (integer number), varchar (variable-text length), date, that goes to each 

column, (iv) the attributes called primary key is used in order to provide uniqueness to 

each record. “serial” is an integer that automatically set unique number for each row, 

which is used for id column, and (v) “null” is a special value, which means unknown at 

the moment or not relevant for the specific row (Matthew and Stones 2005). 

 

3.4.4. Physical Data Model 

 

The design of conceptual and logical data model is concerned on “what” 

question whereas, in the next step, i.e., physical data model is concerned on “how”. 

Accordingly, the design of the physical data model must be tailored to specific DBMS. 

Basically, a representation of the physical model contains the tables and their 

relationships.  

The very first procedure is the creation of a new database, and all required 

database objects (schemas, tables, constraints, data types, etc.) with PostgreSQL and 

using the PostGIS spatial extension. On one hand, PostgreSQL is an advanced open-

source database working with the relational database management concept (The 
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PostgreSQL Global Development Group 2014). On the other hand, PostGIS allows the 

use of special data types of geometric objects, and enables not only their storage but 

also manipulation and querying. The capability is not limited to only 2D primitives, 

e.g., points, lines, allows 3D geometries in the form of polyhedral surfaces and 

triangulated irregular network (TIN). Besides, it supports raster and vector data types. 

Another point is that PostGIS conforms to geographical and spatial data standards of 

Open Geospatial Consortium (OCG) (Obe and Hsu 2011). In short, adding GIS to 

PostgreSQL offers powerful features. 

 

3.4.4.1. Population of the Database 

 

The below listed principles are applied for the population of the database: 

 (a) The “classes” in which names, inheritances and descriptions are included 

comes automatically from the database schema. 

(b) In the “building elements” table, first the “element name” (arch, vault, wall, 

etc.) and element type (structural, architectural or finishing) is included. Those are 

followed by construction technique and material usage. Those are all in varchar 

(variable-text length) format. Besides information about the element size (width, length, 

height) in metric units are also indicated. Nevertheless, it should be noted that they are 

not the exact measurements of the elements, but of bounding boxes defining each. Next, 

the restitution state is indicated. It is followed by the reliability level for restitution 

states, and alteration analysis only for as-found state. There are 3 options for the former 

as 1st degree reliable, 2nd degree reliable, 3rd degree reliable whereas the latter consist 

element addition, material addition, material replacement and removal. 

(c) PostGIS allows to store geometric data, i.e., the “geometries of building 

elements” could be populated with geometries from the 3DS Max files. Moreover, the 

counting of number of points and faces for each 3D mesh is carried out. 

(d) Populating the “spaces” table is a total manual process. It is belonging level 

can be an integer: 0 or 1, representing ground floor and first floor consequently. 

Relative space type is a varchar with value such as room, portico, courtyard, WC, etc. 

Enclosure quality is again a varchar with three values as open, semi-open or closed. 

Geographical location is again a varchar with values of North, South, East, and West. 
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(e) While building up the “building element-space” relations in PostgreSQL, the 

very first temporal state has to be manually inserted one by one for each segment. 

Besides, special attention must be paid as some segments might be shared ones, e.g., a 

wall facing to two adjacent spaces belong to both of them. As a consequence, two rows 

with same building element name can appear. This is to say that element is a shared 

one, and used for shaping more than one space due to the hybrid approach used.  

After completing them all for a single restitution state, it is possible to continue 

with the others. We can keep the conceptual idea of regeneration in the 3D modeling 

process; however, there exist a new parameter different for relations in different 

restitution states. A building element and its naming convention might remain the same, 

i.e., it might remain unchanged so it can be cloned and re-used; nevertheless, it might 

belong to different spaces in different temporal states up due to the spatial 

transformation processes. So, for the relations of building element-space, it is only 

possible to clone and re-use relations for the spaces in which neither building elements 

are removed nor new elements are added. Besides, if a space has undergone through in 

any type of change (transformation, removal, conversion, etc.), then the new relations 

must manually be set. 

(f) In the table of “restitution states”, function is varchar, as the building 

changed its function throughout the history, there will be various values of, mercantile, 

accommodation, jail, religious education, dormitory.  Volumetric composition is 

Ottoman city khan with an inner square courtyard surrounded by colonnaded porticoes 

and rooms on two floors, from and to stands for the representation of time interval in 

integer.  

(g) External data is a unique container for restitution states, it can be any data 

format such as pdf, tif, doc, ppt, etc. with inclusion of the descriptions.  

 

3.4.5. Data Access and Visualization 

 

Data visualization is the presentation of data in a pictorial or graphical format. It 

enables decision makers to see analytics presented visually, so they can grasp difficult 

concepts or identify new patterns. With interactive visualization, one can take the 

concept a step further by using technology to drill down into charts and graphs for more 

detail, interactively changing what data you see and how it’s processed. For the case 
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study, two main data visualization: first one is through ESRI ArcScene module of 

ArcGIS for visualization of semantically enriched 3D model, and second one is through 

a PHP-based web GUI for administration. Besides it is possible to visualize tabular data 

in Microsoft Excel. 

To start with, it is possible to export data to ArcGIS and visualize them in 3D 

using ArcScene (Figure 44). By this way, it is possible to do a comparison of different 

restitution states and their reliability levels, and gather a critical interpretation. 

From Appendix A to Appendix G consecutive restitution states are visualized in 

ArcGIS. In the upper section of the figure, restitution model is shown from two 

different angles, and below section is the visualization of the reliability as explored 

through the same model. Besides, 3 levels of reliability are assigned to those states as 

clarified in Section 2.7. Colors and transparency are used for easy detection. In 

particular, Appendix A is an exemplification of 3D visualization showing the restitution 

and its reliability of the original state (1498) of Kurşunlu Khan. Same principle is 

applied for the consecutive five states. Appendix B is the 3D visualization of the 

restitution of 2nd State (1643), below, red color represents 2nd degree reliability covering 

the repaired building elements following the earthquake, in particular, 12 arches on 

ground and first floors in Southern direction, and the windows and doors of the rooms. 

Other than that, the roof cover of the stable is shown in purple color representing the 3rd 

degree reliability. Appendix C is the 3D visualization of the restitution of 3rd State 

(1848), below, blue color represents 1st degree reliability covering the changes due to a 

repair campaign following a previous fire, in particular, replacement of roof covering, 

addition of drums below domes, reconstruction of the shops on the West with a longer 

depth, modification of the Western portal. Appendix D is the visualization of the 

restitution of 4th State (1908), below, red color again represents 2nd degree reliability 

covering the interventions due to the refunctioning of khan as a prison; in particular, 

transformation of the colonnaded portico into rooms by adding walls, doors, windows, 

and addition of a wooden shelter in the courtyard. Appendix E is the visualization of the 

restitution of 5th State (1954), below, blue color again represents 1st degree reliability 

covering the intervened parts, in particular, demolishment of the shops, removal of a 

room and addition of a new gate, changes in the openings and application of plaster, all 

at the North direction. Appendix F is the visualization of the restitution of 6th State 

(1966-1970), and blue color represents 1st degree reliability covering the interventions 

of the restoration works, in particular, reconstruction of colonnaded portico including its 
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components: columns, vaults, domes, etc., reconstruction of the shops located on the 

West, replacement of casings of windows and doors, replacement of the roof covering, 

reconstruction of chimneys. Other than those above listed restitution states, it is possible 

to explore and visualize as-found state (2011) as shown in the upper part of Appendix 

G. In the below, alteration analysis is visualized with regard to its attributes: green color 

is assigned for element addition, orange color is assigned for material addition and pink 

color is assigned for material replacement. 

Besides, it is possible to do queries through the semantically enriched 3D model. 

In this context, ArcGIS allows in two ways of query-based visualization: first, selecting 

by attributes for visualizing within the holistic model, and second the query builder for 

visualizing solely the corresponding building elements. Those are all based on 

information coming from the attribute tables. Correspondingly, it is possible to do 

queries according to building element name and type, material usage, element size, 

restitution state and its reliability. In order to exploit different query possibilities, some 

conservation-aimed examples are illustrated in the following. As an exemplification in 

Appendix H only the restitutive building elements which are structural as element type 

and have 2nd degree reliability are queried and visualized for the 3rd State (1848). In the 

next exemplification in Appendix J, only the restitutive building elements which are 

structural as element type, made of concrete, and have 1st degree reliability are queried 

and visualized for the 6th State (1966-1970). In the last exemplification of query is 

applied to the as-found state, only the element additions as alteration type are queried 

and visualized in Appendix K. 

Other than above listed possibilities, it is also possible to click on an element 

and gather specific information on that element based on the attribute tables. Besides, it 

is possible to visualize images which are assigned to the nearest building element as 

sources of restitution for a better understanding. In Appendix L, identify option is 

applied to a wall part located on the northern direction, and both information on that 

building element and an archival photograph belonging to that façade could be 

visualized. In Appendix M, again identify option is applied to a restitutive building 

element within the colonnaded portico in order to understand how that space was 

converted, and both information on that building element, and archival photograph 

belonging to the colonnaded portico could be discovered. In the last example of 

Appendix N, a photograph showing the as-found state of colonnaded portico, and the 

corresponding building element could be visualized by the identify option. 



 

 

 

Figure 44. Example of visualization in ArcScene module of ArcGIS. 102 



 

 103 

The second visualization possibility is through web-based platform thanks to a 

PHP-based web GUI allowing common and user-friendly interaction with PostgreSQL. 

Accordingly, it provides a browser-based interface for administration in a convenient 

way which can be reached through internet browser, and once accessed, it gives the 

ability to visualize, edit and export data from the database (in csv, pdf and xls). 3D 

model of each restitution state can be exported as X3D format to be visualized, e.g., in 

Meshlab. The X3D files contain only geometries, i.e., no attributes. 

From within GUI, one can visualize different tables. Once accessed, one can 

visualize restitution states in the table of “temporal phases” (Figure 45), or individually 

view its information (Apendix P) by simply clicking view option next to each. Besides, 

a pull-down menu allows one to reach tables of spaces or images which are 

hierarchically related to the corresponding corresponding restitution state. In the table of 

“spaces per phase” (Appendix R) gives the opportunity to see list of spaces making up 

that restitution state. Besides, in that table one can simply visualize the list of building 

elements’ composing a specific space by opening pull-down menu attached to each as 

“building elements per space” (Appendix S). 

Other than those, in the second tab within a specific restitution state there are 

“images per phase” in which photographs as sources specific to the corresponding 

restitution state can be explored (Appendix T).   

Last, in the main page there is a tab named “external data” (Appendix U) in 

which sources of information, published and unpublished accounts, descriptions, and 

other archival documents are included. It gives the possibility to individually view each 

one as well (Appendix V). 

In addition to above mentioned possibilities, it is possible to export data from 

PostgreSQL to Microsoft Excel, by means of a pgJDBC (Java Database Connectivity) 

interface, in order to exploit its well-known data analysis and functionalities for creating 

reports, generating graphs or charts. Yet, it should be noted that it is just a way of 

quantitative comparison of either building elements or spaces according to different 

parameters. Nevertheless, a historic building requires qualitative analysis then 

quantitative ones for understanding. Correspondingly, some data extraction possibilities 

are provided, but not aimed to cover overall aspects (Appendix Y). As an 

exemplification, (Figure 46) the spaces making up the 3rd State (1848) is evaluated 

according to the changes. Here, one can explore that spatial changes only occurred for 

entrance hall and the shops, which gives clues about the specific restitution state. 



 

 

 

Figure 45. Web-based visualization of the database (restitution states)
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Figure 46. Example of the tabular data extraction.
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CHAPTER 4 

 

EVALUATION AND CONCLUSION 

 

 

This thesis sought to integrate different information types regarding the 

restitution of a historic monument in a semantically enriched 3D model and create a 

database for efficient archiving, access and preservation pf this model. 

This chapter, which is bridging the inferences of the case study and the 

developed restitution database, is shaped in a multifold structure the first covers the 

(re)interpretation of Kurşunlu Khan deciphering its characteristics and values, the 

second points out the findings of the proposed methodology and includes not only the 

lessons learnt so far, but also pros and cons of the developed restitution database in 

order to understand and manage the case-specific issues and historic buildings, and third 

commands on future work. 

 

4.1. Evaluation of Kurşunlu Khan 
 

The proposed restitution database is applied to a case study, Kurşunlu Khan in 

Manisa, Turkey as a specific building typology (şehir içi hanları) of the Ottoman Era 

dating back to 15th century, carrying specifications of the tradition, culture and 

architecture. 
In the settlement scale, the character and the scale of Manisa did not change 

much from the beginning of 1500s until the second half of the 1800s. Nevertheless, at 

the end of the 1800s the city was denser, especially after the effects of railway 

construction reaching Manisa in 1866. In the same period cotton was a very important 

export good. Accordingly, new cotton processing factories were built. Besides, for its 

safe storage, new storehouses were constructed, which were specifically secured against 

any possible fire. This transformation in commerce and conversion in storage facilities 

caused a change in the commercial center, besides a new core had roused. The new 
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commercial center was at the Northern part of Kurşunlu Khan along the street 

connected to the railway station (Çetin 2012). The change also affected the life in the 

historical commercial center where traditional craftsmen were located. Besides, 

beginning with the 1830s, a different setup is encountered in which Ottoman 

craftspeople were confronted with the competition of European factory-made goods 

with the impact of industrial revolution (Faroqhi 2009).  

In the building scale, Kurşunlu Khan used to keep its original function for which 

it was built for, before the industrial revolution and its impacts: the changes in the urban 

pattern and commercial center, and confrontation of the Ottoman craftspeople and 

merchants with it. It is found out that Jewish community were residing there in 16th and 

17th centuries, and it was housing as a cereal market in the 16th century. Although there 

had been minor and major repairs in 1611, 1643, 1677 and 1848, and some 

interventions due to the man-made and natural causes (covering 1st, 2nd and 3rd states), it 

continued to accommodate the original material culture. The refunctioning of the khan 

as a prison dating back to 1908 (4th state), created a dramatic change both in its 

function, and in its spatial composition including the conversions of semi-open spaces 

to closed ones, and removal of various openings. Following that, in 1954 (5th state), the 

widening of Borsa Street, caused a slight change in the mass volume by the 

demolishment of 11 shops of in the Northern direction. In 1966 (6th state), the 

restoration campaign was intended to be a positive contribution for covering the 

building’s structural deficiencies and static weaknesses; nevertheless, the choice of 

concrete as the material was inappropriate. This was followed by unconscious 

interventions while the building was converted into a dormitory (7th state); however, the 

current restoration campaign aims to fulfill the requirements of an adequate 

conservation. Consequently, the physical structure of Kurşunlu Khan has undergone a 

series of alterations, transformations and conversions; nevertheless, the building 

structure could be preserved until today thanks to the durable materials in its 

construction. 

Comparative study with other khans provided clues for the evaluation of the case 

within the period’s architecture and style. The examples located in Tire, which is 

amongst important centers of Western Anatolia in that period, in particular, Kutu Khan 

(1429), Çöplüce Khan (1442), Ali Efe Khan (1525) and Bakır Khan (1543) is found 

different in the plan scheme. But, Yeni Khan (1543), which is a later example than the 

case, carries quite similarities in spatial solution and organization with the case 
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excluding the space for stable. In addition, the khans located on the same trade route are 

also compared with the case. Taş Khan (1432) in Bergama and Taş Khan(1600s) in 

Menemen, are similar in plan scheme, but they are both simpler and smaller in scale 

than Kurşunlu Khan, besides they have less number of rooms and no juxtaposing shop 

row(s). As a consequence, the khans located in the same region proved that Kurşunlu 

Khan had an advanced plan scheme corresponding to its construction period, and it is 

greater in scale including more spatial units (rooms and shops) than most. Besides, 

comparative study with the khans of the period’s capital Bursa showed quite similarities 

in form like in the example of Bey (Emir) Khan (1339), Gevye Khan (1419) and Koza 

Khan (1491), that are all in Bursa, or Pirinç Khan (1508) in İstanbul. As a result, 

Kurşunlu Khan is amongst primary examples of şehiriçi hanları of the Ottoman 

Classical Style in Western Anatolia with identical architectural characteristics, in 

particular, the two floored ones, with an inner courtyard surrounded by a colonnaded 

portico. 

The evaluation of political and socio-economic structure of Ottoman Empire 

showed that the construction process of külliyes and, its profit-earning components such 

as khans was part of the government strategy. Accordingly, the building itself is a 

particular representative of the Ottoman urban life in Manisa, i.e., implicates many 

values represent not only period’s architecture and technology, but also its culture and 

economy. Besides, the building is an essential component which has contributed to the 

image of the cityscape while the life of the historic setting of Manisa is considered. As a 

consequence, Kurşunlu Khan has also documentary value as a type of construction of a 

traditional culture, architecture and land-use. As a matter fact, the building is a form of 

Ottoman culture and life-style representing a foster creativity and genuine dialogue 

(UNESCO 2001) of Ottoman era. It is a physical reality as a result of a creative process 

of humankind (Brandi 2005). 

 

4.2. Findings of the Proposed Restitution Database 
 

The theoretical background on the topic is found promising and active, but still 

has limited perspective. It is found out that there exist only a few projects concerning 

the restitutions of single-scale historic buildings, and although using 3D model is a 
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standard practice, those models are generally limited into being raw ones or just digital 

images. Nonetheless, conservation-architects need intelligent 3D models which offers a 

user-friendly environment, and fast and efficient retrieval of information for 

understanding different restitution states throughout the history. This requires the 

storage of a huge-volume of geometric or non-geometric datasets, and the capability to 

manipulate and manage these datasets. Therefore, the professionals do not have to either 

choose a trend software which are limited concerning to the characteristics of restitution 

information. 

In fact, a successful database must carry various abilities as holding the required 

data, supporting required data and specific relationships, solving problem, imposing 

data integrity and efficiency, accommodating of future changes. In the following, 

implemented methodology for the development of the restitution database is evaluated 

according to the aforementioned criteria: 

• Identification process both covering the issues of architectural conservation and 

at the same time fulfilling the requirements of the universal frame of information 

technologies was compelling; nevertheless, it has been possible through the 

adaption of “reading” metaphor for the architecture of the building. In this 

process, each building element should be identified and their architectural 

properties (size, location, material, etc.) should be specified, 

• Setting relationships and deciding which data structure suits the best for 

representing the building was quite compelling. A simple hierarchical structure 

working as a tree graph, building elements appearing as nodes is best suitable 

for the database of a historic monument. 

• Restitution states should be defined and data corresponding to each should be 

classified, 

• Finding shared ground with informatics has been quite hard. The definition of 

attributes and subtraction of what has been gathered and analyzed through the 

architectural and historical investigation in an abstract manner has been the 

solution.  

• The 3D model which is enriched semantically should be composed of partitions 

representing building elements. But that, this model allowed to structure and 

semantically enrich data for the domain of cultural heritage in an innovative 

way, which represents an important contribution in the research area as the 
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researches are generally limited to outer envelope (mass volume) of the 

buildings for structuring restitution databases. 

 

 The implemented restitution database provides centralization of the geometric 

and non-geometric data in a single platform, so it allows complete digital archiving of 

restitution states. It is possible to reach restitution datasets through two interfaces: 

semantically enriched 3D model and web-based GUI.  

First, the semantically enriched 3D model can be reached through ArcScene so it 

is software dependent. In this environment it is possible to do the inspection of the 

building stratigraphy through and application of diverse queries such as: 

• 3D visualization of not only the building’s original state, but also different 

restitution states in history (Appendix A to F),  

• 3D visualization of reliability of restitution states, and their sources (Appendix L 

to M), 

•  Visualization of construction technique and material usage of the different 

states, 

•  Identifying the characteristics of components (either spaces or building 

elements),  

• 3D visualization of alterations (element addition, material addition, material 

replacement) of the as-found state (Appendix G) 

• Setting queries for a clear understanding (Appendix H to K). 

Second, the tabular data can be reached through web-based GUI.  It can be 

accessed through any internet browser, and it is kept in a server. Correspondingly, it is 

neither dependent on any hardware or software. Following can be explored in that 

environment: 

• The list of restitution states, their content, and 3D geometric model of each 

(Appendix P), 

• The list of spaces making up the restitution states (Appendix R),  

• The list of building elements making up any space within a restitution state 

(Appendix S), 

• Historic and legal documents and photographs related to the building’s different 

restitution states as sources (Appendix T to V). 
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In addition, those data can be exported to Microsoft Excel and and reports, 

graphs or charts can be generated (Appendix Y). 

The database provides systematic archiving and access possibility for 

researchers interested in the historical periods of the case study monument. By this way, 

it supports decision-making process for future interventions appropriate to the qualities 

and characteristics of the heritage place. Correspondingly, data exploration and 

retrieval, which is a crucial step for understanding analysis, in the systemized and 

holistic environment gets easier and faster through the restitution database. As a 

consequence, the system not only allows the data management purpose, but also reuse 

of content and knowledge. 

The proposed database provides a permanent and secure record of cultural 

heritage prior to any planned or unplanned changes. Data update, revision and 

correction is possible, which is important as the historic buildings are dynamic assets. 

As an exemplification, a new intervention, repair or restoration can occur on-site, or 

conservation-architects can reach to further documents or findings in the future, but all 

these changes can be added to the database. 

Last but not least, the development of the proposed restitution database could be 

possible thanks to the interdisciplinary collaboration between architectural conservation, 

history, engineering and informatics. Dealing with technology and developing skills has 

been quite challenging; nevertheless, this is a part of the life-long learning process.  

As a consequence, the restitution database proposed in this thesis is a sum of the 

(re)interpretation of the values and changes (Jokilehto 2006) specific to Kurşunlu Khan, 

reflecting the notion of Ottoman culture, way of life, workmanship, construction 

tradition and their continuity. The visualizations in terms of semantically enriched 3D 

model created in this research is neither just a volume of spaces nor geometric features, 

it is a holistic information container non-geometric data behind the imagery. 

 

4.3. Direction for Future Studies 

 
First, the developed methodology is a prototype describing and implementing a 

methodological approach. Hence, the outcomes cover some of the crucial capabilities, 

but it should be noted that it is capable for enhancement with architectural conservation 

related information. Foremost importance, the spatial information is not covered about 
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the building elements in the study for the semantically enriched 3D model, nevertheless 

it carries importance for understanding the building. Correspondingly, it can be 

enhanced with such information. As another exemplification, the level of detail might 

be increased for the analysis of a historic building covering the structural deformations 

and their causes, and degree and type of material deteriorations. Other than that, the 

methodology can be expanded to any case-specific investigations or any other case 

studies’ applications while the basics of the methodology will remain the same. 

Second, the database is developed especially for conservation-architects as the 

primary actors in architectural heritage conservation allowing comprehensive 

understanding thanks to the holistic repository. Indeed, interpretation by general public 

is also quite important for public awareness as also underlined in the charters of 

ICOMOS. Correspondingly, a future research direction raises here in order to allow new 

levels of access, especially for public in order to develop conservation conscious and 

employ e-learning facilities.  

Last, in future applications, the spatial modeling, in particular, manual 3D 

modeling effort by the adoption of the computer aided architectural design (CAAD) 

method, can be redesigned and replaced for the employment of digitally born 3D 

material based on digital data acquisition. This would require an extensive reevaluation 

of the segmentation process from whole to the parts, which is quite challenging but of 

great interest in today’s research in the specific topic. 
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APPENDIX Y 
 

TABULAR DATA EXTRACTION 
 

 

 

Number of structural elements used in the Original State (1498). 
 

 

 

 

Number of elements spanning spaces and their distribuiton on floors of the Original 
State (1498). 
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