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ABSTRACT

Digitaltwin(DT)isseenasthenewshiftparadigmfordigitaltransformationinthepost-pandemic-
built environment sector. Learning from the implementation of building information modelling
(BIM)forassetmanagement(AM),therearerecurringthemesthattheinteroperabilitychallengeis
thekeybarriertofirstlyovercome.Theabsenceofacriticaloverviewofissuesandresearchrelated
toBIM-AMinteroperabilityishinderingtheachievementofsustainableandeffectiveintegration
betweenthetwosystems.Therefore,theaimofthispaperistoreviewandanalysethetrendsand
overviewoftheBIM-AMinteroperabilitypublications,identifyandclassifythemajorresearchtopics
onBIM-AMinteroperability,andfinally,proposefutureresearchinteroperabilitydirectionsforDT
initiativeadoption.Toachievetheresearchaim,asystematicreviewoftheworkdonetoachieve
interoperabilityusingawiderangeofdigitaltechnologiespublishedbetween2010and2020related
totheinteroperabilitychallengesbetweenBIMandAMandreal-timedatasourceswasconducted.
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1. INTRoDUCTIoN

Whileeveryindustryisthinkingaboutreshapingtheirbusinesstothriveinthepost-COVID-19era,
thearchitecture,engineering,construction,andoperation(AECO)industryisemergingtheDigital
Twin(DT)initiativetobuildanewmoreintelligent,moreproductive,andsaferbuiltenvironment.
ThisinitiativeisalignedwithIndustry4.0toadvancenewpracticesandtoolstoovercomethelegacy
associatedwithsaying“BIM”foralmostadecade.ADTreferstoadigitalreplicaofphysicalassets,
processes,andsystems(Luetal.,2020a).ThistwinwouldenabletheAECOsectortocollaborate
virtually,presentsensordata,simulateconditionsquickly,realiseoutputsofthewhat-ifscenarios
undoubtedly,predictresultsmoreaccurately,andprovideinstructionstomanagethephysicalworld
moreeffectively.GrievesandVickers(2017)arguedthatDT’srationalitydefinitionistohavejust
theefficientdatawithoutintensivelyusingresources,inotherwords,anintegrationbetweendynamic
modellingwithreal-timeoptimisationthroughthewholelifecycle.Buildinginformationmodelling
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(BIM),accordingtotheISO19650series,“is about getting benefit through better specification and 
delivery of just the right amount of information concerning the design, construction, operation, and 
maintenance of buildings and infrastructure, using appropriate technologies”.BIMis,toanextent,
seenasananaloguetoDTintheAECOsector.Forthispaper’sargument,theauthorsidentifyBIM
asanenvironmentwhereprocesses,technologies,andresourcesareintegratedforbetterdelivery.
In contrast, DT is an advanced deliverable of this integrated environment. In this analogy, both
BIMnowadaysdeliveriesforAMandDThaveonemainchallengehinderingtheiradoption:data
interoperability(Matarnehetal.,2019b).Thatchallengeisthecriticalbarriertoovercome,astheentire
theoreticalframeworkofanyinformationmanagementtechnologyispredicatedontheassumption
thatdatacanbeexchangedsimultaneouslybetweensoftwareprograms(Farghalyetal.,2018).

Datainteroperabilityistheabilitythatallotherpartiescancorrectlyinterpretdatageneratedby
anyoneparty.Also,itenhancesthedataexchangebetweentwoormorediversesystemstofacilitate
automationandavoidanceofdatare-entry(Shenetal.,2010).Toachieveeffectivedataexchange
betweenapplications,theproposedsolutionshouldachievebothsemanticandsyntacticinteroperability
(Farghalyetal.,2019).Syntacticinteroperabilitysolutionsidentifyanagreedexchangeformatto
transferdata,andsemanticinteroperabilitysolutionsidentifyasetoftermsanddatarequirementsto
enableinteroperationusingtheagreedexchangeformatdefinedbysyntacticinteroperability.Several
workswereconductedtoachievebothsemanticandsyntacticinteroperabilitybetweenBIMandAM
platforms,withmoreconcentrationonsyntactic interoperability(Cavkaetal.,2017).Despiteall
theeffortsandcontributions,theconstructionindustry’savailablesolutionsforinteroperabilityare
stillinsufficienttoleverageDT’spotential(Sacksetal.,2020).Acomprehensivereviewofprevious
researchcanprovidesignificantbenefitsinidentifyingareaswhereadditionalresearchworkisrequired,
andintheprocess,discerningfuturedirectionsforthedevelopmentoftheeffectiveinteroperability
environmentoftheDTinitiative.

Despitethat,thereareseveralreviewsregardingimplementingBIMforFacilitiesManagement
(FM)ingeneralandAMinparticular(Matarnehetal.,2019b,GaoandPishdad-Bozorgi,2019),the
authorsarguethatthestate-of-the-artofBIM-FMinteroperabilityapproacheshasreceivedlimited
attention.TherearesomereviewsfocusedonBIMintegrationwithaparticular technologyonly
foroperationandmaintenancestagesuchas theInternetofThings(IoT)(Tangetal.,2019)and
otherfocusedondigitalisationingeneralinFM(Wongetal.,2018).EveninOzturk(2020),which
concentratesonlyontheinteroperabilityinBIMforAECOindustry,hasnotunveileddetailedresults
abouttheBIM-FMinteroperabilityapproachesandjustconcentratedonabibliometricsearch,and
ascientometricmappingandanalysisofinteroperabilityinBIMresearch.Evidently,theliterature
lacksaconcretesystematicreviewofthecurrentsemanticandsyntacticinteroperabilityapproaches
forBIM-FMintegration,alimitationwhichwasthecrucialdriverforconductingthisresearch.In
particular,theauthorstrytoaddressthisbyansweringthefollowing:

1. What semanticandsyntacticaspectsmustbeaddressed toachieveeffective interoperability
betweenBIMandAM?

2. Whatarethedifferentapproachestoachievetheseaspects?Whicharethelimitationsofthese
approaches?

3. HowcantheseapproachesutiliseforeffectiveDTadoption?

Thisresearchcontributesasafundamentalearlystepinformulatinghowthedigitalisationof
thebuiltenvironmentassetscanbeconsidered,andhowintegrationapproachescanbeidentifiedand
achievedtoachievetheDTinitiative’sbenefits.Atthecrux,thisresearchisnotprovidingaglistening
answerforDTadoptioninAECOindustry,anditisapieceofenlightenmenttowardswhatshould
belearnedfromthepreviousworkintheBIMareatodemystifysomeofthemainchallengesand
opportunitiesrelatedtointeroperabilityintheemergingDTinitiative.Itisworthnotingthatthisreview
cannotbeconsideredbyanymeansasexhaustivesinceDTtechnologyiscontinuouslygrowingata
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