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Area of interest

(Identifying the problem, explain why it is important and the current relevance of the topic, up to 250 words)

These days, the sustainable development of smart cities has become crucial
due to climate change and excessive urbanization that substantially force
governments to practice complex strategies. These strategies that contain
the improvement of the infrastructure facilities, city services, and
environmental quality aim to secure wealth, habitability, and healthiness
for citizens. In this connection, effective land management is vital for the
sustainability of the built environment. In relation to this, solid Land
Administration Systems (LAS) are needed in order to put into practice
effective land management. These systems deal with recording the
information on Rights, Responsibilities, and Restrictions (RRR) in a cadastral
database as components of property rights that may occur both
underground and aboveground. With rapid migration and, as a result, rapid
population growth, a large number of buildings are being built on the lands
in urban areas. This transformation has led to the construction of multi-
storey buildings, considering that the expansion of urban areas continues
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in certain regions. Because of the developing technologies, the complexities
of these multi-storey buildings are increasing day by day. At this point, it is
the dominant view in the international literature that LAS need to be
developed such that they have the capacity to process and manage three-
dimensional (3D) data in the registration of property rights. In other words,
it is a fact that 2D data is insufficient for the complete registration of the
property rights subject to condominiums in today's multi-storey and
complex buildings.

Approach to the problem

(Describe your methodology or technology and how it will solve the problem you identified, up to 300 words)

Thanks to Building Information Modelling (BIM), building models can be
obtained in 3D in detail by using an object-based modelling approach.
Further, the interoperability of the obtained BIM models between different
stakeholders and applications is ensured by the open data standard named
Industry Foundation Classes (IFC) standard. Land Administration Domain
Model (LADM) provides a conceptual model that includes activities related
to land administration, stakeholders, spatial objects, and relations between
them in order to create a common basis. In light of the information, the
main purpose of the doctoral research was to provide the integration
between LADM and IFC standards in order to be modelled the condominium
rights in 3D including both physical building elements and logical spaces,
together with the semantics regarding their cadastral registration. For this
purpose, 3D condominium applications around the world were examined
and an analysis of the current situation was carried out. By using the result
of the analysis, an integrated model was developed in which appropriate
relationships are established between the features in the LADM standard
and the entities in the IFC schema (Figure 1). To test the applicability of the
developed model, a BIM model of a sample building was created and the
final IFC model was obtained by enriching the content of the created
building model (Figure 2). It is made possible to model RRR in the context
of cadastral registration for various building elements as well as legal spaces
subject to condominium rights. It is demonstrated that it is possible to
unambiguously represent the property rights subjecting to condominium
and to register those in the land registry through the reuse of the especially
as-built BIM models approved in the occupancy permit process as a part of
the building permit issuing.
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Figure 1. Part of the integrated model.
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Summary Location Pset_ZoneCo... TR_Condomin...)
Pygp‘erty 0 Value
iestimatedValue 1490000
floorNumber 0 Summary Location | Pset_ZoneCo... TR_MainUnit
{landShare 1748 . property Value }
name Condominium 5 0
netArea 69424000 numberOfSathroom 1
inetVolume 180.502000 numberOfLivingRoom 1
faleavalie 10000 numberOfotherRoom 1
itotalGrossAr 102757000 numberOffolet L
0 alrossyea 2 tngisiD 95745
itotalGrossVolume 221.088000 o Bt
s unitUseType. Private
Summary | Location |PsetSpaceC.. TR Annex
Property Value Summary Location Material TR_Annex
area 4s3m*
floorNumber A Property | L Value
relatedUnitName Condominium 5 area 2880 m
relatedUnitNumber 5 relatedUnitName Condominium 5
type Coal Cellar relatedUnitNumber 5
volume 11787 m* type Car Park

ivolume 27648 m’

i Summary Location | Pset_ZoneCo... TR_MainUnit
Summary | location |Pset SpaceC..| TR Annex Property | Vikie
Property Value o i

area 415m* numberOfBathroom 2 Summary Location Material TR_Annex
floorNumber A numberOfLivingRoom 3
relatedUnitName |Condominium 4 numberOfOtherRoom 1 Property _Value
relatedUnitNumber 4 tngisiD 34573 area 2880 m*
type Storage type Residential relatedUnitName Condominium 4
volume 10793 m* unitNumber 4 relatedUni 4

unitUseType Private type Car Park

volume 27648 m*

Summary Location Pset_ZoneCo... TR_Condomin...
Property Value

estimatedValue 1500000

floorNumber 0

landShare 3/48

name Condominium 4

netArea 97.650000
253891000

salesValue 750000

totalGrossArea 130.602000

totalGrossVolume 292332000

unitNumber 4

Figure 2. The condominium examples.

Results, conclusions and next steps

(Present your research results and conclusions of your study, up to 250 words)

The concluding remarks can be conveyed as follows:

e BIM models offer an important option for 3D modelling of the legal
spaces regarding the condominium rights that can be composed in
the buildings,

e Although the IFC schema does not contain special entities and
properties regarding the condominium rights, 3D digital models that
can be used in registering the condominium rights can be obtained
through expanding the existing entities with new property sets and
properties,

e Enriched IFC models are significant resources that can be used in 3D
LAS transformation because they provide 3D spatial information and
semantics with respect to condominiums and related property
counterparts such as annexes,

e Valuations of condominiums for taxation purposes can be determined
more realistically and scientifically by using comprehensive BIM/IFC
models, and thus the problems associated with declaring the value of
a real estate can be minimized,

e By using the obtained BIM/IFC models in energy analysis of buildings,
more accurate evaluations can be made regarding the dissemination
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of green energy and renewable energy in the context of sustainable
development,

e BIM/IFC models used in the registration of condominium rights can
be converted to different spatial data standards such as IndoorGML,

e Considering that digital building permitting is based on the use of BIM
in general and IFC models in particular, it is necessary to ensure that
BIM technology is effectively adapted to the industries involved in the
process, such as the AEC, land administration, and spatial planning
(Figure 3).
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Figure 3. A BIM/IFC-based workflow for 3D cadastral registration.
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