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ABSTRACT

The importance of using construction data is increasing in accordance with the recent trend in the smart construction. However,
construction project and maintenance information is distributed on the web, and the existing BIM(Building Information Modeling)
information exchange and linking method using IFC(Industry Foundation Classes) cannot support connection with BIM data and web
resources. This study aims to establish the BIM-based port facility data integration system using linked data(LD) technology in order
to integrate BIM and heterogeneous data in the port maintenance domain. To this end, the port BIM-based ifcOWL and port facility
maintenance ontology were designed, and LD was built for the BIM and maintenance information of Busan New Port 2-1 Pier3, a BIM
pilot project. In addition, service prototypes such as search, statistics and SPARQL(SPARQL Protocol and RDF Query Language)
endpoint functions were implemented using the issued LD. The LD-based information utilization system is expected to improve the
reusability of information by converting the existing closed information system into an open system and BIM and maintenance data
as a web resource in a standard format.
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Table 1. Conversion Mechanism of IFC(EXPRESS) to ifcOWL(OWL)

IFC Schema ifcOWL Ontology
Entity data type OWL Calss
Entity v - oP .
Attribute Object Property

Simple data type |OWL Class / DataTypeProperty restriction

Defined data type OWL Class
Type Aggr e‘%j;l ;)n data OWL Class / OWL ObjectProperty
Constrtl}ll;t:d data OWL Class / NamedIndivisuals

@ Generation
‘ EXPRESS H IFC H IFC SPF ‘
(@ Conversion Conversiony

v v

‘ OWL H ifcOWL H RDF ‘

Fig. 2. ifcOWL Development Approach Based on IfcHarbor_K

£ dFrelx= 3k BIM HlolHE g8-3le] LDE 7531
918 IfcHarbour K& % 7174 A wPHS 28315k(Fig. 2).
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S IfcHarbour K #&9) w2} IFC dlolE| & wgkelic). IF
tlolEE 335 ifc OWL £E524]o] wlg} RDF dloly 722
kRl
3. BIM EZ J[gt gt SX 2| 2EZX| &

St FXEE| HEMA 2 282X AA| WHE

ut o=z gdle BIM 7)uk gk $x|#e] Arel =23
EES $Igk A2 AAR, 2A) Al 71 HEe] Ak 4= Stk
2 WA= 3k BIM E5(IfcHarbour K)ol wlg} 715 ifcOWLS
51 ol Thse 2 AFahs Wl o] A% AkiAe)
A1pgre} 212 Ane BIM 2] Jesior s 37}
ZpQJo] a7uH, Kol @] Xoh= JH= RDFR 442 -+
QItk 5 WA= &ut BIM B8 kst ifcOWL} ahuialde]
APgnst fAwe) gue BAE I A LEEA vl
T3l A ARgEhe eItk o] PEES ifcOWLS 79ke.
2 AAJ¥ RDF9} Akt 2524] REls 7jko 2 AJAJE RDFele]
Qi v Bl A WA Adgslol she k] a7el



ok Al HARE ifcOWL LE2AE F4she 2102, g1t BIM
o] RHE ifcOWLE 7|9k 2 sivbrpde] AlQigr el 213
2] RS Fdshk= Wyelth o] WHEL Bdd ifcOWLS]
ERErt Sk ifcOWLe] o] #lid 4= qlvke A7}
Atk AP AHe] onjA AAE S8 $lsixle Al WA
A R0] ifcOWLS SH8le] shfe] eERA|R HAISh= Ao
oldAelct AN BIM e} f-2]3e] Are] v AA o}
Audzv) g2y uie)] 2528 BEdlsk] 2ashs Flo]
FefHoltk(Allenmang et al., 2021). o] & Itz 5+ WA
WEER] BN RS ALY g Al B A 2E52A)
Hd(ola}, R fAlEE] 2E2A)T v ZF 7Nk
ifcOWL(0]3}, @3t ifcOWL LE22))7} 317 e-g3h= whEe
A eHatdck

F BIM Z3i50] vt ZZAE AR DB} FuAPd {4
#ke] 4= DB= Aalsitk tvd DB
ZeAEe} fA|gke] FH B vy RS SEHoR BAs
Ak, AV i she] Fapde 57 ] sfar of2
ZRAE Ao} AR GRS TRIths a2 s
=EBI9I: oo} e w=eld Jidel ufet 2E=A] AAIE 25l
Ayt ofn) o] 7hs3t vlolelE FE3lsik Nt ZeA)
E 35 DB B, ZRAE HFu, Z2AE PiE, T2AE
737 1<) DB HlokE: 3/leh @i #4] ofte] AH DB

QuterwallFacili

RO
L
i rdfi:subClassO'f i
st ! -
\ T
W g
facilityClass l;.,'r/
\
rdfs:subClassQy

*{ HarborFacility

hasProject

hasHarborType

HarborType '

ha:

T3 s AL

seaAred

hasintendance
bela

BetaledPortName

rdfs:subClassOf

foaf:Organization

\

I

.

\\
PortAuthori

inistryO
QceansAndFisherigh

[e]
T

B7} dlojE], Al d&ke1A} o], LCC(Life Cycle Cost) H]-&
Hlo]E], LCCH|E- AlUe]lS DB Hol& 5 8707} 3=k
tpd Alwlle] depdEol vy Farsle] wHel ol
Stal |4, gk, delr|d T e AR} A §29
AAE Agside oz Wge) ldes BT &
£o)8 AAstal 25 1 WAE sty E9 Als
T-Z(Subclass ¥ 5) B &3S 7dERITE 1 A3 kAl
FABE LE2A= class 507§} ObjectProperty 177) 2
DatatypeProperty 527} 2 A<= 0c} Fig. 32 vkrd S~
E FAHCE WAV 248 g vk Z2AE, #e] 74,
AR o] g R, B o] HAHH T3 Ak Al Fel=
ASTZE FHS 2524 EP=e)t $49] IF-E etk
A& , ‘HarborFacility(37kA]4)2 Harbor(&wh ol $1x|
&} (beLocatedIn), foaf:Organization(7]&)°] A3t}
(hasIntendance).’, ‘HarborFacility(3}7FA]Ad)-2 MooringFacility
(AFA1A), OuterWallFacility(2]ZA)4), PortTrafficFacility
(QFaEA4A) 5 APEF3do s FAEH, DiagnosisRecord
(3708 AHE 7Pt} (hasDiagnosisRecords).” 52 & o]
t}. o] FacilityClass, HarborType, InspectionType, Structure
Grade, StructureForm Z2)|2~= skos:Concept2] }¢] Fe)|~2
Aol3}al haslntendance £43¢] rangeZ foaf:Organization® 2
A o)5te] FOAF(Friend of Friend)? 2E2%]9} SKOS(Simple
Knowledge Organization System)’¢}e] 3&$-84< R 3}
Ark

78F Erl dlofe], Ikhipdd 343 ol tlofE], AldE B

= O
=

(¢}
Fal

o
Nl

M
rr :-%m ]

[e)

32

=
=

P "
r(lfé:\sub(lassof
o

hasDiagno: isDetailedRecords |
Diagnosis

DetailedRecord
InspectionType

\
\

diagnosisSyateGrade

1
\
LocalGovernmen

inspectionTypg

StateGrade

Fig. 3. Parts of the Classes and Properties of the Port Facility Maintenance Ontology

2) FOAF+= ARl tigh AR, Also] A &4 9 ARt 71 3418
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7&8he 25 2Ao|tEA]: https://dbpedia.org/page/FOAF).
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ifcWaterwayTypeEnum K2 %% owl:FunctionalProperty
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AR §) A 7 1 EE B3 HlolEle] §9E 28-S 7‘]%0]'7]

Z e ]0151 Ade 4&74] g, A 9,
2 4= Qti(Heath and Bizer, 2011).
e Aut e T, A,

(1) An example of OWL:Class
ifc:IfcWaterway K
rdf:type owl:Class ;
rdfs:subClassOf ifc:IfcFacility ;

rdfs:subClassOf [
rdf:type owl:Restriction ;

] :
rdfs:subClassOf [
rdf:type owl:Restriction ;

7.
(2) An example of OWL:Object property
ifc:predefinedType_IfcWaterway K
rdfs:label "PredefinedType" ;
rdfs:domain ifc:IfcWaterway K ;
rdfs:range ifc:IfcWaterwayTypeEnum K ;

owl:disjointWith ifc:lfcLandscape K, ifc:IfcBridge, ifc:IfcTunnel K, ifc:IfcRoad,
ifc:IfcEnvironment_K, ifc:IfcRailway, ifc:IfcBuilding, ifc:IfcMarineFacility ;

owl:allValuesFrom ifc:IfcWaterwayTypeEnum_K ;
owl:onProperty ifc:predefinedType_IfcWaterway K

owl:maxQualifiedCardinality "1"xsd:nonNegativelnteger ;
owl:onProperty ifc:predefinedType_IfcWaterway K ;
owl:onClass ifc:IfcWaterwayTypeEnum_ K

rdf:type owl:FunctionalProperty, owl:ObjectProperty .

Fig. 4. Example of Port ifcOWL Ontology
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Abde] fARdReh e ThA] Bl SR, TFC ddolx] Aefet
© A AR AR Bdelk o] o] wihe] Adolslr] wikEol]
A= HE dlole el Hejd 7hAIeh o] It Ado] Hasi
ol& $all IFCS} DB dloJEjAle]] oje ant ZeAlEg} AldE
B B APdE R tiste] thae] ofnld BAIE alefste]
18 2 A3}t Table 2). 1) IFC djo]E]¢] IfcProject
Name <Jgk} DB H|o|E{¢] prj_title B= &7dgke] 22 735
Y3 ZeAE0|t) 2) IFC d|o]E¢] IfcMarineFacility Type
Enum 7}3} DB dlo]E]e] facilitytype BE= $Agko] 2t Ifc
MarineFacility Name <37/} DB t|o|E]2] name HX= £:437k0]
B TFHAVEE R AVdE B0 YT ) FUE A
Eo|tk

T 2524 BES 7Hke 2 A)/3E RDF vo[H= 237] vl
Tl whe} ‘owlisameAs’ S F3l AAEICKFig. 5). i3
T 19 we} Z2AEE oJn]shk= <http:/kict.rdf kr/resource/
project BS030103>+ IFC dloJ&]2 A<]% <http://linkedbuild
ingdata.net/ifc/resources20220216_214729/1fcProject 41235
20> T FY3 ZRAER QIAHET) wgk wig i3 29
we} ukalaS oJn]sh= <http://kict.rdf kr/resource/facility
92>+= IFC tloJE|2 Ao AV 5 AVd=E 837 Fubalde]
F3o] FY3} <http://linkedbuildingdata.net/ifc/resources
20220216 _214729/IfcFacility 839794>, <http://linkedbuilding
data.net/ifc/resources20220216_214729/IfcMarineFacility
839795>, <http://linkedbuildingdata.net/ifc/resources20220215

o

Table 2. Mapping Rules for Linking DB and IFC Data Instance

Mo
el

>

213500/IfcMarineFacility 2144949> 53} FUsk A2 2124
Hok

o

4.2 22 BIM AHAKY Chdt 23 EH0|E 715 3 &
HAE

1 Aollsi= RDF W9k milg 712k npo g2 44 dlofg
Ag EER Hgkete] A% gl 2] 93 i e R
g ATE0]¢] ontoTrans 2.0(EgZ ¥$7])3} ontoBase
3.0(E8)ZE A#4A), Apache Tomcat 52 ARE-3I3It) dlolH
WS 913k URI 1122 gl §-38 2 http:/kict.rdfkr/onto
logy/[class] (Class E}SY), http:/kict.rdf kr/ontology/[property]
(Property EFRJ), http:/kict.rdf kr/resource/[instance] (Q12~El2>~
ERR)) = Aojsialom, s 2o wet wlo]Ee] URIE AJ/dsk
ek e il dlolels 2] aLfrgh URIE 7HAH,
URIE &3l dHlolele] Fo] 7hssfzith

£ A7rellxde 271t gl IFC 27]wkel DB 27 nks
Z}zt 3t ifcOWL 2524 9 i fAde] 25242
el g 1|l gpdlel| A IFC SPF(STEP Physical
File)¢} DB tl|o|E}E RDF to|E1 2 HSkeh= A& 3833k
27 B QIZEI X WMk ARSI fEAe tig
o] 87k 27} gk HAEE 2E2A HEO =,
OWL/RDF #Z =75 53 25249 72 QR/E HEY
T St I=HA gor ] 252 RDF Hlole wEhel] vk
A5t 28730 thgk 5] 7Fssitt IFC to RDF to]e] 2874

0

No Table Column IFC entity Attribute Description
1 tm_project prj_title IfcProject Name Project
Facility facilitytype IfcMarineFacility IfcMarineFacility TypeEnum Facility Type
3 Facility name IfcMarineFacility Name Facility Name

[Mapping 1]
<http.//kict.rdf kr/resource/project_BS030103>

[Mapping 2]
<http://kict.rdf kr/resource/facility 92>

<http://kict.rdf kr/resource/facility 92>

<http://www.w3.0rg/2002/07/owltisameAs>
<http://linkedbuildingdata.net/ifc/resources20220216_214729/IfcProject 4123520> ,
<http://linkedbuildingdata.net/ifc/resources20220215 213500/IfcProject 5017101> ,

<http://www.w3.0rg/2002/07/owl#tsameAs>
<http.//linkedbuildingdata.net/ifc/resources20220216 _214729/IfcFacility 839794> ,
<http://linkedbuildingdata.net/ifc/resources20220215_213500/IfcFacility 1430253> ,

<http://www.w3.0rg/2002/07/owlttsameAs>

<http://linkedbuildingdata.net/ifc/resources20220216_214729/IfcMarineFacility 839795> ,
<http://linkedbuildingdata.net/ifc/resources20220215 213500/IfcMarineFacility 2144949> ,
<http://linkedbuildingdata.net/ifc/resources20220215_195913/IfcMarineFacility 5137544> .

Fig. 5. RDF Data Linking Results Applying Mapping Rules
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Yt A

2]

47

of thet 7% A4 2 W3)E RDF HjoJE]E 7[4ke 2 SPARQL
AololE F3l tlolH 8 Aue|eE A8shs FHo 3
€tk o] RDF vloJHe] F4o] R k= AAA7}F Jlojof
ght 2 Aolls= SPARQL 2o} 53l BIM 7[RF ik 21
7] LD 884 A2 43951tk Fig. 6 oA 1= “AlFAlde)
A8 F AR A 31 R AW E 7 S
3} wig == HfcMarineFacility Z4A1 =7 ofn|sh= Hele} #2
Aks eIt B3k FeofE B3 sameAs B0l e AR
7} papde] 9] Al e AdS Z3lsle] 5 AdES}
sameAs FHA| 2 J9] B B9 BAle] ARIES Tl 4 Ql9ith
o|xH ARgARE &8 E3of y| o] FelE 43)5k] BIM
ARe}l QA FAl fATE] HRe] ofu)F Hde] Thssh,

quol Yaceold 7% 3 B§

Yok 243 Eiglolle] Al Anel g 5 asske el
Fgo] hsstk

4.3 BIM 7[Ht giat SX22| 213 =H|0|E]
OZEFIY] 75

8% LD+ SPARQL EndpointS 53l el 2] 45do]
FREoAu, AR ThE LD §ETRS Fl vt 3-8 Al
7} 789 4= 9tk Fig. 72 BIM 74k 34k APIE LDe] &34
48 IS AFsP] g A= ZEde] otk £ AlxH)
ZH1$== 1) BIM tle]s, DB vled] 5 Azluje]s glo]e],
2) BM 7]t gt fA)ke] 25220 ue} Yue|HE RDFZ
ek gl wpgslr] 93k 2524 9 EglE oo}, 3) RDF Hlo]e

EE MH|A

SPARQL Query
PREFIX ontology: <http.//kict.rdf.kr/ontology/>

SELECT ?s ?ifc ?sClass

WHERE {

?s rdf:type ?sClass .

?sClass rdfs:subClassOf ontology:MooringFacility .
?s rdfs:label "FLIG 2IGF 3HEH2-1 5" .

?s owl:sameAs ?ifc .

?ifc rdf:type ifc:lfcMarineFacility .

/

Query Result

PREFIX ifc: <http://standards.buildingsmart.org/IFC/DEV/IFC4_4/OWL#>

S sClass ifc

http://kict.rdf.kr/resource/facility 92 QuayWall http://kict.rdf.kr/resource/lfcMarineFacility 5137544
http://kict.rdf.kr/resource/facility 92 QuayWall http://kict.rdf kr/resource/lfcMarineFacility 2144949
http://kict.rdf.kr/resource/facility 92 QuayWall http://kict.rdf kr/resource/lfcMarineFacility 839795

Fig. 6. Example of SPARQL Query and Result Using BIM-Based Port Facility Linked Data

HTML Browser

Application service

Linked Data Clients

Data service

SPARQL Clients

SPARQL Endpoint service

v
Searching etc.

I Statistics, Visualization

Linked
data

Ontology models

Ontologies
and triples

Trip!

Issuing Linked data SPARQL Endpoint
[Triple storage] storage and management

DB2RDF IFC2RDF

Triple conversion / Mapping
le converter Triple converter

Port Facility Maintenance data

Port Facility Maintenance and
Decision-making Support System

IFC data (BIM)

Port BIM Browser @
Port BIM Platform

Fig. 7. Application System Framework of Linked Data for BIM-Based Port Facility
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<Browsing function>
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WHERE {

L Type TeType
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TsProject rdtype lciicProject
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Fig. 8. Application Service Prototype Using Linked Data for BIM-Based Port Facility
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