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SUMMARY

With thegrowing dominance dfigh-rise building structures armbmplexinfrastructuren urban
areasland administration systems are facing new challenges for managing ownership rights in
complex urban environmen®wnershipspacesiefined byirregular physical structures inside
high-rise buildings may not be effectively communicatedfldand 2Dbasedrepresentation
Therefore, land administration systears seeking to adofD digitalapproaches for managing
and representingomplex ownership rights

On the other hand, there has been a significant leap in the development of Building Informatio
Modelling (BIM) approach within the Architecture, Engineering and Construction (AEC) industry.
As anintegrdedand 3D digital information repositar83IM provides many benefits and resource
savings in comparison with 2Based modes afiformationcommunication, facilitating

collaboration amondifferent AEC actors throughout the development cycle of buildiBd.

models provide rich amount of 3D spatial asémantic information abobuildings; fowever,
information about ownershipghtswithin buildings has not ydieenmeshednto BIM models

This paper suggestsata BIM basedapproach can be used as a possible solution to overcome
current challenges of managing ownership rights in-higg buildings3D ownership data
elementdave been westigated andnplemented withira prototype BIM model for a highise
building in Melbourne. Therototypedemonstratethe feasibility ofusingBIM modelsfor
managng complexownershiprights ina 3D digital dataenvironment
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1. INTRODUTION
1.1 Research Background

Currently, over half of humanity is distributed in urban areas and it is anticipated that this
distribution will reach 70 pereg by 2050(UN, 2012) Urban environmentseedmore highrise
buildings, complex utility networks and infrastructure facilities to accommahbase populations

and satisfy their demand fbpusing, servicesyater, power, telecommunications as well as
transportation. Design and management of complex urban environments in an optimal and
collaborative way is crucial for basic urban applications suchsaster managememtay finding

and navigation, urban plaimg, facility management, and evacuation. The focus of this paper is on
the 3D digital management of land and propestynership rightsn high-rise and complex building
structures.

Land administration systenase concerned with recording, managing arsti@iizing spatial
information about the tenure, value and use of [@ditliamson et al., 2010)Traditionally, hese
systems mainly utilize 2[plansto maprights, restrictions, and responsibilities (R§gRssociated
with a building,a piece of landor arspace(Kalantari, 2008) As stated in the international standard

for Iand administration, A@Arights provide form
restrictions are formal or informal obligations to refrain from doing something, and rdsies
are for mal or i nfor mal(lISO&9132291a)t i ons t o do s ome

Ownership rights in highiise building structures arirrentlybeing managed by using Ziaper
basedor 2D digital plans. In addition, all properties in each higk buildng are registered and
represented as only one 2D land parcel in cadastral datdKasastari et al., 2008)Given these
practicescomplex and higirise buildings ¢eeFigure 1) pose challenges for currém-basedand
administration systems. In orderaddress these challenges, land administratiganizationsre
supportingresearch on adoptir®P digital technologiedor managingownership rightsn high-rise
buildings(Rajabifard et al., 2012Lurrent research indicates that modelling RRRs 3Ddigital
dataenvironment will requirdoth legal and physical entities (Jazayeri et al., 2014). Legal entities
are used for modelling various types of ownership rights such as private ownership spaces, common
property areas and easemenksle physicd entities are composed of geometric and semantic
components.




Figure 1, A complex highisestructure(Cayn towern Dubai city)

Over the last decadddre have been significant developments in graphics of computers in terms of
rendering 3D models. Consequen8i) models of buildings and other urban infrastructinese
proliferated in different formats and levels of detéfgen et al., 2013; Becket al., 2013) Among
various 3D building models, Building Information Modelling (BIM) estrongesapproach for
managing3D information during thelevelopment procesd buildings(Krygiel and Nies, 2008)

BIM is ashared3D digital data repositoryor managing building information in three physical
dimensions anthcilitatescrossdisciplinary collaboration amoragtorswithin Architecture,

Engineering and Construction (AEC) industBastman et al., 2011By utilizing a 3D digital and
collaborative data environmenBIM provides manycostbenefits and resource savirfgs the AEC
industryduring design, planning, and construction phases of a building.

Given that legal land administration information abloigh-rise buildingss mostly derived frm

the physical aspects of the buildjJM models could potentially offer a feasible solution for the
3D digitalmanagementf landand propertyRRRs. However,wrent BIM modelnly include

highly detailed physical information. This means that BIM msgebvide any physical entity

being usedor modelling built environment; weever, there is no legal information in these models
and RRR associated with ownership spaces inside buildoagsot yebe managed in BIM.

1.2 Research Aim

Thisresearchiherefoe aims toenrichBIM modelswith legal informatioranduse thisenrichment
to potentiallyaddress current challengegiw managemendf ownership rightsn high-rise
buildings.

1.3 Scope and Structure




The scope of this research paper is delimited tontieagement of ownership rights in rgwuilt
high-rise buildings which have BIM model®ld buildings without BIM models as well as other
types of developments within urban environments are out$itthe scope of this research.

In next sectionghallerges ofcurrentland administratiopractices fomanagingownership rightsn
high-rise buildings areeviewed In addition,BIM conceptsandcurrent BIM literature in land
administratiorare describedrhe third section is dedicatedetucidating 3D ownership data
elementsThefourth sectiorpresents the developgdototype BIM modefor demonstrang the
feasibility of a BIM-based approadior management of ownership rightsar8Dintelligent and
digital data environmenfhis is fdlowed by a discussion ohé benefits and technical challenges
associated with adoption BiM modelsin landadministratiorbefore the finakectionof the paper
concludes witlthemain outcomess well aguture research directions.

2. LITERATURE REVIEW
2.1 Challenges ofM anaging Ownership Rights in High-rise Buildings

Current practicefor recording and managing stratified ownership rigiepredicated or2D-

based subdivision plans. These plantdudefloor plansand crosssection views to represent the 3D
extent of multilayered ownership spaces. This mode of communicaiefficient for buildings

with simple structures; howevehere are some challenges formnesgenting ownership spaces inside
complex and higirise building structureseeFigure 2)

Ineffective mapping of Ineffective representation of
ownership spaces with ownership spaces intersecting
irregular shapes parts of several levels

Issues of subdivision
plans in high-rise buildings

Multiple pages of 2D Inadequate understanding of
technical people

[diagrams physical boundaries for non-

Figure 2 Main issuesassociated witRD-basedouilding subdivision plans

One challenge is that ttepatialcomplexty of 3D ownership spaces associated witbgular
physical structures inside buildings mayt be efficiently mapped via projecting them into
horizontal and vertical planes addition,complicated textuahformation whichis used to
describe boundaries subdivision plangs difficult for peoplewith limited knowledge ofand
administration tacomprehendJazayeri et al., 2014Anotherissue is that although current 2D
based methabf representation can sometimesfinectioral, it might becostlyfor high-rise
buildingsbecausea large number dD floor plans as well @crosssection diagramsustbe
producedo fully representhe array ofmulti-layeredownership spacgshojaei et al., 2013;




Shojaei, 2015)Figure3 shows a plan of building subdivision where ked surveyoproduced
more tharb0 pages of 2D plans toap thdegalboundarie®f ownership spaces inside agforey
towerlocatedin the City of Melbourne(Rajabifard et al., 2014)
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Figure3, Current practice for subdividirgnd mappingwnership spacein whichonecross
section of buildings highlighted in red (AAM VEKTA, 2012 irfRajabifard et al., 2014Pageb)

Ownership spaces enclosed in one floor of the buildirugten represented usingultiple pages of
2D plans; howevewnershipspaceshatintersect parts of several levale difficult to represent
in 2D-based subdivision plans. This challenge is much miffieult to overcome in comparison
with those previously describeds illustrated in Figurd, common propertgreas, such asasts,
arecommonexamples of such ownership spaces.

Figure 4,A common propertyareapassing through three levels

The last challenge is related to ownership boundaries referencing physical building elEorents.
instance,dnd surveyorf Victoria State of Australidefine ghysical boundariem various ways,
most commonlyoy selectingone of three relationships with the physical structiime interior or




exterior face, or the median of the struct(irand Victoria, 2015) If a person does ndtave
technical knowledge ohterpreting thee boundaryelationshi, he/she coul@asilymisunderstand
the spatial extent of ownership spadégure5 shows an example af crosssectionview, in which
planboundariesctuallyreferene interior facesand represents an aggregated perspective of the
physical structure of the building used to define the boundary
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Figure5 Planboundarieshowing relationship between legal and physical aspects of the building
a) Plan depictionb) Corresponding building elemen{sandVictoria, 2015)

2.2 BIM

The acronym BIM is used in two contexts, namely product or process. As a product (Building
Information Model)it is considered as a three dimensional digital representation of physical (or
spatial) as well as functional (or semantic) information about elements of a facility from its
conception to its destructighlBIMS, 2012) As a process (Building Informationddelling), it is
used to create, manage, derive and sBiveproductsamong different stakeholders involved in
various phases of construction process in order to facilitate collaboration and communication
between thenjEastman et al., 2011{3eeFigure6).

Owners/ \‘
Operators /

Builders \ Architects \J
BII\/I/

\ Engineers |
Surveyors ’\ g |

Figure6, Different stakeholderngvolved inBIM, adapted fronfOng, 2012)




The main features of BIM a@nobject oriented structure, information richness, spatially related,
open data exchange standard and extensifiitydag et al., 2007Despte improving productivity
within the AEC industry, there are some technical iastitutionalchallengesssociatedvith the
adoption of BIM.The most important technical challenge for using BIM models is the
interoperability issue. Thissue stems frorthe fact thaeach BIM platform has its own data format
for storing BIM models. Consequenttie BuildingSMART organization has developeaiustry
FoundationClasses (IFC) standard tacilitate interoperabilityover the development cycle of a
building (1ISO16739, 2013)n this researchthe IFC standard is used for exchanging BIM models
between two BIM platforms

2.3 BIM research in urban land administration

Incorporationof BIM models intothe geospatial domaileads to integrated indoor/outdoor urban
management systen(isikdag et al., 2011; Isikdag and Zlatanova, 2008hd administration
systemsn urban areasanthereforedeverage BIM to managearious rights associated with
ownership spacaa multi-storey buildingsn a digital environmentn this sectionrecent studies
researching BIM in land administration domaie reviewed to highlighhe difference between
these studies and the research presented in this paper.

The first researchers, who investigated the use of iBlldnd administraton, wereClemen and
Griindig(2006) They ndicatedthatthe IFC standard can be enriched witiferentprocessed
surveying measurements and observationgftorcadastre purposeslowever, they did not
implement anyBIM modelenriched with cadastralflormation.More recently, EMekawy and
Ostman(2012, 2015)ntroducedthe extension of Unified Building Models BM) with four types
of boundarieso manage various ownership riglits a hospital building in Sweden. &6e
boundariesr e fABui | di Bgr Ehement #ADi gging Surfaceso,
ifReal Est at e Bo un defereyceorBalogyfoabedaectivnaldditbBihange
betweenFC and CityGML standardEl-Mekawy, 2010) However, theenrichedUBM does not
modelinformation abouinterest holders and legal documeisMekawyet al(2014)arguedthat
enriching BIM with those foufUBM) extendedoundaiescouldresult in improvinghe
interaction between BIM and 3D property domain but they digorestenta BIM model enriched
with 3D property information. Finally, Isikdag et(@014)investigatecconnectingegaldata
models with3D physicaldatamodels such as IFC, arguing that this could potentiadifitate
current practices for valuating propertiss/ariouscountries.

Althoughvarious levels of harnessing BIM for supporting land administration systems have been
researcheth above studies, enrichment of BIM witbmprehensiv8D ownership data elements
usedin current building subdivision pracés has noyet beeninvestigated.

3. 3D OWNERSHIP DATA ELEMENTS IN HIGH -RISE BUILDINGS




In order to identify8D ownership data elementie current building subdivisioprocessavas
investigated through a placement iNiatorian surveying companyAs indicated in Figuréd,
ownershipdata elements high-rise structuresan be classified inttwvo main categories3D legal
objectsand 3D physical objects

3D Ownership Data Elements

3D legal objects 3D physical objects
Private Spaces N Walls
Common | S Doors
Property areas
Windows
)

L Slabs

Figure 7,Main ownership data elements in higke structures
3.1 3D legal objects

There are three types 8D legal objects which define the spatial extenbwhership rightsn high-

rise buildings, namely private ownership spaces, common properties and easements. Private spaces
cancomprisetwo parts:apartment unit and accessory [Bhere are two types of accessory lots: car

parks and/or storage are&gure8 represents an examplemivatespacesn floor planviews
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Figure 8, Private ownership spaces (Reeds Consulting, 2015)




The important attributes for private ownershipagsvere then identified anareprovidedin Table
1.

Table 1 Attributes of private spaces

Attribute Data Type Description

Lot Name Text The namegiven toeachprivate ownership
space

Lot Liability Integer number The proportion of the administratiaad

general expenses that each private owne
obliged to pay.

Lot Entitlement Integer number The share ointerestthateachprivate
owner has in the common property area

Owner Name Text The name of the private owner

Owner Share Integer number Theshare of ownership

Owner Type Enumeration  The enumeration values are Person, Grc
Organization, Association, Tribe and
Family

Legal Object Unit Enumeration  The enumeration values are

Administrative, Single, MultipartandPart

Legal Object State Enumeration  The enumeration values are Created,
Affected, Extinguished, and Existing

Land Use Enumeration  The enumeration values are Residential,
Commercial, Mixed Use
Title Folio Number Integer number The folio number of the title for therivate

ownersip space

Title Volume Number Integer number The volume number of the title for the
private ownership space

Volume of Parent Title Integer number The number of the parent title for the
private ownership space

Creation Date of Title Time The date antime when the title for private
ownership space is issued

Subdivision plans define common properties as the areas which are not included in private
ownership spaces. All, or specific graupf private owners jointly own and use common properties
throughtheir membership in an Owners Corporation. Owners Corposaiethe responsible body

for managing common properties. A part of the common property area for one floor of a building is




highlighted in Figur®. The importangttributes of common propertiesere identified andre
represented in Table 2.
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Figure 9, A part of common property area highlighted in red (Reeds Consulting, 2015)

Table 2, Attributes ofommon property areas

Attribute Data Type Description

CPName Text The nameof the common property

CPType Enumeration  There are two types of common property
Limited and Unlimited

OC Name Text The name ofhe owners corporation

OC Type Enumeration  There are two types @fwners corporatian
Limited and Unlimited

Legal Object Unit Enumeration  The enumeration values are Single,
Multipart andPart

Legal Object State Enumeration  The enumeration values &teeated,
Affected, Extinguished, and Existing

Easements represent legal spaces which provide benefits aeptadions ortheinitial land
parcelthatthe buildinghas been developed.dhis usually defined as volumetric spaces




surrounding utility networks, such as pipelines or cables, held by service proFiders.10
depictspart of a complexnulti-storeydevelopment, in which one easement is highlighiée.
important #ributes of easementgere identified andreexplainedn Table 3.
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Figure 10, An easement object in a complex building develop(Rerids Consulting, 2015)

Table 3 Attributes of easement objects

Attribute Data Type Description
EasemenReference  Text The name of theasement
Purpose Enumeration  Easements can be utilized for a variety

Text
Text

Land Benefited

Easement Owner
Legal Object Unit Enumeration

Legal Object State Enumeration

purposes. Examples are Drainagewer
line, Seweragdrloodway, and Wetland

Lots benefiting from the easement

The name of the authoritywning the
easement

The enumeration values are Single,
Multipart and Part

The enumeratiomalues are Created,
Affected, Extinguished, and Existing

3.2 3D physical objects




3D legal objectshemselvegannot effectively communicate various types of boundasseciated
with physicalstructures Therefore 3D physical objects can be utilized as auxiliary components to
facilitate understanding of such boundaries for-specialistsThe most widely used building
elements for representing physical boundariesvatks, doors, windows, ceiling and floor slabs
(seeFigurell). As mentioned irtheintroduction, BIM models include comprehensive data
elements for modelling bosemantiandspatial dimensionsf physical building element@nly

two ownershipattributes, which ardetailedin Table 4, are appendedl physical objects.

Figure 11 Physical boundaries of an ownership space

Table 4 Ownership attributes incorporated into phystmalding elements

Attribute Data Type Description

Boundary position Enumeration  The boundary can be positionedlimee
ways interior face, exterior face or mediar
of the physical structure

Corresponding Text This indicats which ownership spaces are
ownership spaces adjacent to each otheia the physical
structure

4. DEVELOPMENT OF PROTOTYPE BIM MODEL

In order to demonstrate tifigasibility of usingBIM for 3D digital management afwnership rights,
aprototypeBIM model for four levels of a highise development located in Melbourne has been
developedThe process for modelling and visualizing the prgphe model is depicted in Figure 12.
The process stafrom constructingdifferent 3D physical objectsnamely interior walls, exterior
walls, sliding doors, singldush doors, awning windows, fixed windows, stairs and slabs. Both




