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ABSTRACT: 
 
Owing to the increasing existence of multistorey buildings and infrastructures in the built environment, there is a need for three-
dimensional (3D) land administration systems (LAS). Regarding this, condominium rights in real-estate properties are needed to be 
represented as 3D for preventing misinterpretations with regards to who is responsible for or has ownership in which parts of the 
buildings. Digitalizing the public services appears in current strategies of governments and administrations since it contributes to 
transparency, speed, and accurateness in the processes. Building permitting that contains obtaining the occupancy permit is a vital one 
of these public services. With the even-increasing adaptation of Building Information Modelling (BIM), a whole raft of Building 
Information Models (BIMs) are created to use in digital building permitting. Thus, a significant opportunity for 3D delineation of 
condominium rights comes out of the reuse of these BIMs, especially their Industry Foundation Classes (IFC) data. In this sense, this 
paper puts forward an approach that includes developing the conceptual model to depict condominium rights and linking that model 
with the IFC schema. The applicability of the approach is demonstrated by using a floor of a simple building. The study shows that 
IFC-based representation of condominium rights can be beneficial for the transition to 3D LAS in Turkey. 
 

1. INTRODUCTION 

Digitalization is one of the important issues that governments and 
administrations aim to extend its use for the management of the 
built environment (European Union, 2019) because it facilitates 
the procedures and reaching the information in a broad range of 
services such as building permit issuing (Noardo et al., 2020b) 
and cadastral registration (Gulliver et al., 2017). The building 
permit issuing is currently realized based on hard copies or PDF 
files, and the procedures regarding building permitting are done 
manually. This might cause slow reviewing, insufficient 
feedback, and heavy workload (Malsane et al., 2015). In order to 
increase the efficiency of the building permit issuing, 
digitalization and automation are seen as pivotal components. 
These components are more applicable these days thanks to 
Building Information Modelling (BIM). This is because BIM 
provides the object-based modelling of parts of the buildings by 
storing their semantic and spatial information together for the 
whole lifecycle including design, construction, and management 
(Teicholz et al., 2018). The adaptation of BIM has grown in the 
countries over the years, for example in United Kingdom (UK) 
(NBC, 2020) and Turkey (BIMgenius, 2020). With the ever-
increasing use of BIM in different sectors, especially in 
Architecture, Engineering, and Construction (AEC) sector, three-
dimensional (3D) digital models of buildings are more available 
today. OpenBIM standards are developed by the 
buildingSMART to enable efficient data exchange between 
various stakeholders such as architects, engineers, and managers 
who take part in the lifecycle of buildings and infrastructures 
(buildingSMART, 2021a). There are different standards, namely 
Industry Foundation Classes (IFC), Information Delivery Manual 
(IDM), BIM Collaboration Format (BCF), and Model View 
Definitions (MVD). IFC (ISO, 2018) and IDM (ISO, 2016) that 
includes MVD are International Organization for Standardization 
(ISO) standards. IFC that makes possible the interoperability 
between different software, applications, and tools provides 
comprehensive data schema (buildingSMART, 2021b). 

                                                                   
* Corresponding author 

 
Different countries around the world such as Singapore, Norway, 
and Australia developed systems that enable automatic 
compliance checking based on BIM in the context of building 
permitting (Eastman et al., 2009). Researchers proposed to use 
the Building Information Models (BIMs), particularly IFC files, 
in building permit procedures. Some of the studies demonstrated 
how to benefit from visual programming languages (Ghannad et 
al., 2019) or natural language processing techniques (Zhang and 
El-Gohary, 2017) in order to transfer rules in building codes to 
machine-readable format. In the sense of Turkey, there is no exist 
so much study that principally focuses on the digitalization and 
automation of building permit issuing. However, for example, 
Macit İlal and Günaydın (2017) proposed a hybrid model that 
enables the computer representation of building codes. They 
showed the implementation of the proposed model using rules in 
the Izmir Municipality Housing and Zoning Code. Recently, 
Aydın (2021) developed a web-based system that performs the 
code checking using BIMs according to Planned Areas Zoning 
Regulation (PAZR) in Turkey.  
 
Building permitting is very essential for creating a safe built 
environment. When it comes to ensuring the sustainability of the 
built environment, land administration that has four main parts, 
namely land registry, cadastre, valuation, and land use planning 
is of paramount importance (Williamson et al., 2010). Land 
administration systems (LAS) are commonly implemented based 
on two-dimensional (2D) data and representations (Kalogianni et 
al., 2020). Yet there is a need for 3D land administration that 
allows to unambiguously delineate the property rights since 
dense areas and complex infrastructures are increasing in the 
built environment day by day. Putting into practice the 3D LAS 
requires the integration of different disciplines and stakeholders 
(van Oosterom et al., 2020). The international standards that 
permit interoperability are therefore of significance. 
Accordingly, a great number of studies concentrated on how to 
exploit these standards for 3D representation of ownership rights 
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(van Oosterom, 2018). Some of these studies proposed to use the 
Land Administration Domain Model (LADM) (Kalogianni et al., 
2021). Some scholars researched the integration of LADM with 
other standards such as CityGML (Li et al., 2016) and 
IndoorGML (Alattas et al., 2017) in order to better model legal 
rights and their physical counterparts. An ADE for CityGML that 
includes delineation of condominium rights in Turkey is also 
proposed (Cagdas, 2013). With the growing interest in BIM, 
numerous researchers focused on the use of it in the context of 
3D cadastre for different countries; for example, Sweden (Sun et 
al., 2019), Australia (Barzegar et al., 2021), and Serbia (Sladić et 
al., 2020). Recently, Atazadeh et al. (2021) proposed to use the 
IFC schema for modelling the features and attributes in LADM. 
Alattas et al. (2021) developed an approach that integrates IFC 
and LADM to represent the legal spaces in properties in Saudi 
Arabia. Celik Simsek and Uzun (2021) proposed to calculate the 
property valuations based on BIMs in the sense of condominium 
ownership in Turkey. Guler and Yomralioglu (2021) suggested a 
conceptual framework for Turkey that integrates digital building 
permitting and 3D representation of condominium rights in terms 
of the use of BIMs. 
 
In light of this information, the objective of this paper is to show 
the possible reuse of as-built BIMs that are approved in building 
permit issuing for the 3D delineation of condominium rights in 
Turkey, based on the IFC schema.  In this sense, this paper first 
proposes a conceptual model for 3D delineation of condominium 
rights, and then it shows an example by matching the features and 
attributes in this model with IFC schema. It is expected that this 
paper forms a basis for complete 3D representation and 
registration of condominium rights in the Turkish cadastre using 
IFC data.    
 

2. CONNECTION BETWEEN BUILDING PERMIT 
ISSUING AND REGISTRATION OF CONDOMINIUM 

RIGHTS 

In Turkey, it should be gotten a building permit to start new 
construction. This issue is mandated in Zoning Law (Official 
Gazette, 1985). Every firm applies to a responsible local agency 
or municipality with required documents in building permit 
submission. These documents include architectural project, static 
project, and title deed. The submissions are done using paper-
based documents or PDF files generally. E-submission platforms 
have been started to use in the past few years. Controlling the 
compliance of building designs in regards to rules in regulations 
is manually realized in general. If everything is proper, the 
building permit is prepared. After that, the construction can be 
started. It is also mandated that every building should be 
inspected during construction to check whether they are built in 
accordance with specifications in the approved building permit.  
 
Once the construction is completed, it should be applied same 
responsible local agency or municipality to get an occupancy 
permit. If the building has not an occupancy permit, it cannot 
benefit from public services such as natural gas and electricity. 
The condominium is a special type of ownership. Condominium 
Law is the main law in Turkey that provides legal infrastructure 
related to the condominium (Official Gazette, 1965). According 
to the second article of this law, the whole property that is subject 
to the condominium is defined as the main property, and only the 
structural part of the main property is defined as the main 
building. In the same article, a condominium unit is defined as 
parts of the main property that are suitable to be used 
independently and are subject to the condominium according to 
this law. The place locates in the outer of the condominium unit 
and is directly allocated to that condominium unit is defined as 

an annex. Coal cellar, water tank, and garage are given as an 
example for an annex in the sixth article of this law. The places 
locate in the outer part of condominium units and serve for 
protection and jointly use or benefit are defined as common 
facilities. Main walls, common walls that separate the 
condominium units, patios, main entrance doors, stairs, elevators, 
corridors are given as an example for common facilities in the 
fourth article of this law. 
  
It is stated in the tenth article of Condominium Law that the 
occupancy permit and approved architectural project are used in 
the registration of condominium rights. It can thus be said that 
there is a connection between building permit issuing and 
registration of condominium rights in Turkey. This connection 
can be enhanced from the point of view of digitalization because 
the use of BIM is significantly increasing in the AEC industry 
day by day. BIMs have important potential in the digitalization 
and automation of building permit issuing. Since BIMs can store 
detailed spatial and semantic information about buildings, they 
can be used for compliance checking in building permit 
procedures. Moreover, the as-built BIMs of buildings can be 
obtained and used for the representation of condominium rights 
instead of computer-aided design (CAD) drawings or PDF files. 
In other words, the misapplications in registration of 
condominium rights that might result from the use of only an 
architectural project that is used in building permit submission 
can be prevented, since the up-to-date model of the building that 
is updated during construction is used. 
 
3. A CONCEPTUAL MODEL FOR REPRESENTATION 

OF CONDOMINIUM RIGHTS 

The workflow implemented in this study is shown in Figure 1. 
As can be seen from Figure 1, the first step is to create a 
conceptual model for the representation of condominium rights. 
It is important to compose a conceptual model that meets the 
requirements for a 3D Turkish cadastre in the context of features 
and attributes to realize the efficient physical model. The second 
and third steps of workflow consist of obtaining the drawing plan 
of a floor and 3D modeling of a floor in a building using BIM 
authoring to exemplify the proposed approach in this paper. 
However, it can be assumed that these two steps are omitted in 
the real-world application because the as-built BIM of the 
constructed building will be existing.  
 
The international standards and national projects in Turkey are 
taken into account in generating the conceptual model. LADM 
(ISO, 2012) that provides a common basis for the implementation 
of land administration related activities is the most widely-used 
standard across the globe. It is an ISO standard. A great number 
of researchers created country profiles that meet the requirements 
for land administration systems in their countries, based on the 
LADM; for example, Croatia (Vučić et al., 2017), Morocco 
(Adad et al., 2020), and China (Zhuo et al., 2015). There are four 
basic classes in LADM, namely LA_Party, LA_RRR, 
LA_BAUnit, and LA_SpatialUnit as shown in Figure 2. 
LA_LegalSpaceBuildingUnit, as a subclass of LA_SpatialUnit, 
enables the modeling of legal spaces in buildings that need to be 
represented distinctively as they do not overlap with physical 
structures in any case.  
 
Turkey National Geographic Information System (TNGIS, in 
Turkish TUCBS) project, which is carried out by the General 
Directorate of Geographic Information Systems (GDoGIS), aims 
to create complete spatial data infrastructure for the country in 
order to ensure interoperability between stakeholders that 
produce and benefit from spatial data. In this sense, the 
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conceptual models are created for various themes such as 
cadastre, building, and infrastructure, and the application 
schemas of these themes that enable spatial data exchange 
efficiently are produced (GDoGIS, 2020). These conceptual 
models are created based on international standards, e.g., LADM. 
Besides, they are formed as compatible with data standards such 
as CityGML and IndoorGML to be used in urban management 
applications. 
 

 
Figure 1. The workflow implemented in this study. 

 
Figure 2. Basic classes of LADM (ISO, 2012). 

Figure 3 shows the conceptual model used in this study. This 
model is generated by considering the TNGIS Building and 
Cadastre themes and LADM so as to represent the condominium 
rights as 3D. TR_Owner is used to express interest holder that 
has ownership. TR_RRR shows the relevant attributes with 

respect to rights, restrictions, and responsibilities (RRR). 
TR_RegistrationUnit represents the basic administrative unit that 
is defined legally. TR_Parcel has attributes related to the parcel. 
TR_Building stores the attributes regarding the registered 
building. TR_Annex is used to express accessory parts in a 
building. TR_CommonFacility represents the common places in 
a building. TR_CondominiumUnit is used to model apartments 
in the building. TR_Building can have TR_CondominiumUnit 
depending on whether the condominium is established. 
 
4. IFC-BASED IMPLEMENTATION OF CONCEPTUAL 

MODEL 

Once the conceptual model is generated, the next step is to find a 
suitable way that allows to expression of the features and 
attributes in that model using the IFC schema. IFC specification 
that contains terms, concepts, and data characteristics is 
published by buildingSMART. There are two official versions 
right now, namely IFC2x3 TC1 and IFC4 ADD2 TC1. IFC2x3 
TC1 is the most widely adopted version by BIM authoring tools, 
for example, Autodesk Revit. IFC4 ADD2 TC1 is being tried to 
adopt by different tools. In this paper, the conceptual model is 
mapped with entities and data types based on the IFC4 ADD2 
TC1 version. Besides, created BIM model is exported as an 
IFC2x3 TC1 version to compare two versions. Entities in the IFC 
schema can be enriched by adding new property sets to them. 
These property sets can have attributes that are formed by the 
creator. In order to depict the features and attributes in the 
conceptual model, new property sets and their properties (i.e., 
attributes) are defined. Table 1 itemizes property sets, properties, 
property types, and data types used in this study. Two IFC 
entities, namely IfcSpace and IfcZone are used to model the 
condominium rights. IfcSpace can represent the legal spaces with 
respect to a condominium unit, annex, and common facility. 
IfcZone that can have multiple IfcSpace instances is used to 
depict the registration unit that might have both condominium 
unit and annex at the same time. Figure 4 shows the hierarchy in 
the IFC schema with regards to IfcSpace and IfcZone entities.  
 
Different property types that are defined in the IFC schema can 
be used to model attributes (i.e., properties) in the property sets. 
Whereas IfcPropertySingleValue is used to express attributes that 
have single-type value, IfcPropertyEnumeratedValue is used to 
represent attributes that might have a value that can be selected 
from an already defined list. For example, the type of annex can 
be labeled as a garage in the IFC file by selecting from the 
enumeration list. After mapping the conceptual model with the 
IFC schema, a floor of a simple building is used to present the 
implementation of the proposed approach.    
 
First, the floor is modeled in the BIM authoring tool. Second, new 
property sets and attributes are created. Third, the spaces and 
zones are defined in the model. Fourth, the attributes are 
populated with information. Fifth, the model is exported as IFC. 
Due to BIM authoring tools do not permit to easily visualize 
semantic information of entities in the model, two IFC viewers, 
namely Solibri Anywhere and BIMvision that are free are used 
to visualize the exported IFC file. Figure 5 shows an annex that 
is modeled as legal space by using IfcSpace and its attributes. In 
this example, the type of annex is storage. 
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Figure 3. The conceptual model used to represent the condominium rights.

 
Figure 4. Hierarchy in the IFC schema. 

Figures 6 and 7 present two modelling examples for common 
facilities that are labeled as elevator and corridor, respectively. 
 

 

Figure 5. Modelled annex. 

Figure 6. Modelled elevator as a common facility. 
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Property Set Name Property Name Property Type Data Type 
Pset_TR_Owner name IfcPropertySingleValue IfcLable 

 surname IfcPropertySingleValue IfcLable 
 fatherName IfcPropertySingleValue IfcLable 
 trpID IfcPropertySingleValue IfcIdentifier 
 nationality IfcPropertyEnumeratedValue IfcLable 
 ownerType IfcPropertyEnumeratedValue IfcLable 

Pset_TR_RRR share IfcPropertySingleValue IfcReal 
 registrationDate IfcPropertySingleValue IfcDateTime 
 tngisID IfcPropertySingleValue IfcIdentifier 

Pset_TR_RegistrationUnit tngisID IfcPropertySingleValue IfcIdentifier 
 type IfcPropertyEnumeratedValue IfcLable 

Pset_TR_Parcel propoertyNumber IfcPropertySingleValue IfcInteger 
 parcelNumber IfcPropertySingleValue IfcInteger 
 area IfcPropertySingleValue IfcAreaMeasure 
 tngisID IfcPropertySingleValue IfcIdentifier 

Pset_TR_Building buildingID IfcPropertySingleValue IfcInteger 
 tngisID IfcPropertySingleValue IfcIdentifier 
 builtDate IfcPropertySingleValue IfcDateTime 
 name IfcPropertySingleValue IfcLable 
 footprint IfcPropertySingleValue IfcReal 

Pset_TR_CondominiumUnit floorNumber IfcPropertySingleValue IfcInteger 
 area IfcPropertySingleValue IfcAreaMeasure 
 volume IfcPropertySingleValue IfcVolumeMeasure 
 useType IfcPropertyEnumeratedValue IfcLable 
 condominiumNumber IfcPropertySingleValue IfcInteger 
 landShare IfcPropertySingleValue IfcLable 
 valuationDate IfcPropertySingleValue IfcDateTime 
 value IfcPropertySingleValue IfcReal 
 tngisID IfcPropertySingleValue IfcIdentifier 
 condominiumID IfcPropertySingleValue IfcInteger 

Pset_TR_CommonFacility type IfcPropertyEnumeratedValue IfcLable 
 tngisID IfcPropertySingleValue IfcIdentifier 

Pset_TR_Annex type IfcPropertyEnumeratedValue IfcLable 
 tngisID IfcPropertySingleValue IfcIdentifier 

Table 1. Property set names, property names, property types, and data types that are used to depict the conceptual model. 

 
Figure 7. Modelled corridor as a common facility. 

Figure 8 shows a condominium unit that is modelled by using 
IfcSpace. As can be seen from the figure, all attributes in the 
conceptual model are defined through 
Pset_TR_CondominiumUnit. Figure 9 illustrates a registration 
unit example that has a condominium unit and storage that is 
allocated to its use. IfcZone entity is used to depict the 
registration unit since it allows to model the combination of more 
than one space. 
 

5. DISCUSSION AND FUTURE WORK 

This paper first proposes a conceptual model for modelling 
condominium rights and then it maps features and their attributes 
by creating new property sets that use proper property types and 
data types in the IFC schema. It is important to note that new 

property sets can be created in different ways. One way is to 
create new property sets within the BIM authoring tool. 
However, creating new property sets differ from the tool in terms 
of the property and data types that are permitted to generate. For 
example, while the ArchiCAD allows selecting enumeration as 
property type, this is not possible in Autodesk Revit. Another 
way is to use the tools that permit to manipulate IFC files using 
predefined functions. For example, new property sets and their 
attributes can be created using the Xbim toolkit that is an open-
source tool. The semantic data can be also populated by 
benefiting from the Xbim toolkit. 
 
Another important issue is that BIM authoring tools and BIM 
viewers might have not full support for the latest official IFC 
version. This might interrupt the efficient use of the IFC. 
However, open-source tools such as the Xbim toolkit can be used 
to enrich IFC files as it supports the latest version of the IFC, 
namely IFC4 ADD2 TC1. BlenderBIM Add-on that is developed 
as an extension for Blender to create and manipulate IFC files 
also supports the IFC4 schema. It is also useful to note that new 
data types in IFC schema, for example, IfcDateTime, enable to 
store values more specifically. IfcDateTime can be used as a data 
type for registration date and valuation date instead of IfcText. 
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Figure 8. Modelled condominium unit. 

 

Figure 9. Modelled registration unit.
Due to the fact that more BIMs are available, there is a need for 
guidelines that describe the necessary information that the BIM 
model should have, in order to ensure efficient data exchange 
between various stakeholders. In doing so, IFC files that can be 
used to model condominium rights within the context of land 
administration will be provided. In this sense, MVD can be a 
powerful solution. From the GeoBIM point of view, it is 
significant to benefit from IFC files for creating or updating the 

3D city and built environment models. These models are very 
crucial because they form the basis for smart cities and LAS in 
terms of the use of spatial data. At this point, it should be paid 
attention to achieve correct georeferencing when both modeling 
the condominium rights based on the IFC and converting it to 
CityGML (Noardo et al., 2020a). The reuse of as-built BIMs for 
3D land administration is seen as a very promising opportunity 
because they enable to model the property rights and their 
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physical counterparts with required semantic data. To benefit 
from this opportunity, a more detailed investigation regarding 3D 
land administration practices in Turkey is needed. For this 
reason, future work will contain the examination on extending 
the IFC schema such that it meets the requirements for the 
transition to 3D LAS in Turkey. 
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