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ABSTRACT

TheUK’sconstructionindustryiswitnessinganannualincreaseincostsduetoalackofcommunication
betweenthedifferentorganizationaloperatorsontheconstructionsitethatoftenleadstoconstruction
defects.Meanwhile,acost-reductionstrategyplanusingBIMhasbecomeafundamentalrequirement
forthegovernment,aimingtokeepcostsundercontrol.TofacilitateBIMadoptionintheindustry,
theBIMstrategywasintroducedinfourphases,witheachstageentailinganumberofcriteria.The
industryhasseenaglobalreactiontotheLevel2BIMprogramandasignificantcostsavingof840M
in2013/14inEurope.However,theindustryisunabletomatchthelevel3BIM,whereacollaborative
modelfileserverisrequiredasacommonsharableplatformtoachieveefficientcommunication.This
studycontributestowardformulatingacommunicationframeworkintheUKindustrytounderstand
communicationissuesandmanagedefects.Asurveywastargetedatconstructionindustrypractitioners
andacademics,withatotalnumberof328participants.

KeywoRDS
Building Information Modelling, Communication Tool, Communication Tool Assignment Matrix, Organization 
Breakdown Structure, Responsibility Assignment Matrix, Work Breakdown Structure

INTRoDUCTIoN

TheconstructionindustryisconsideredtobeakeysectoroftheUKeconomy.57%ofconstruction
budgetsiswastedorbecomesnon-addedvalue,asestimatedbytheConstructionInstitution(McNell,
2008).Over20billionperyearintheUKiswastedonconstructiondefects,muchofwhichiscaused
bycommunicationfailurebetweentheorganizationsoperatingontheconstructionsite(Ernest,2004).
ThegovernmentstartedaBIMimplementationstrategythatconsistsof4levels.In2016,level2BIM
compliancebecamecompulsoryinthepublicsector.Thisstephasledtostrongcollaborationbetweenthe
governmentandtheindustrytoreducecostsfurther.BIMimplementationhasshownthatanadditional
global804Mwasachievedin2013/14inFrance(compulsoryin2017),Germany(compulsoryin2020)
andotherEUnations,asrecordedbytheCabinetOffice(Modelling&Plan,2015).
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Themajorityofcommunicationtoolsusedon-sitedisplaybuildinginformationas2Ddrawings,
(e.g.plans,sections,siteplans)whichunfortunatelyoftenprovestobeineffectiveandcanleadto
constructionerrors,asonlyexperiencedandwell-trainedorganizationalpersonnelareabletouse
themtocommunicateeffectivelyonconstructionsites(Wang,2006).However,theupcomingBIM
level3raisesthecomplexitylevel,requiringtheintegrationofamultidisciplinarymodelusingaweb
basedenvironmentinacentralizedserverinsteadoflocalservers.However,asimilarsystemofa
webbasedenvironmentBIMservermodelhasnotbeenproposeduntilnow(Gu&London,2010).

Buildingconstructionisacomplexsetoftasksthatinvolvesanumberofdifferentpartiesandmany
activitiesthatneedtobeorganizedtoperformtogetheratthesametime.Regardlessoftheprojectsize,
constructioncompaniesfinditbeyondtheircapabilitiestoperformallconstructionactivitieswithout
interactingwithanumberoforganizations,includingarchitects,engineers,consultants,contractors,
clients,etc.Inaddition,awiderangeofdataneedstobedealtwith,rangingfromarchitecturaldata,
structuresystems,mechanicalservicesandotherfactors,thatincreasesthecomplexityevenfurther
(Steeletal.,2009).

Typically,2Ddrawingsandother typesofdocumentsare themostcommonlyusedmedium
forcommunicatingandsharinginformationonconstructionsites.Becauseofconstruction’sneed
forfrequent informationupdates,companies try tofindasolution to improvingcommunications
withotherdepartments,suchasusingsoftwaretoolstodefinethedesignmodeldetails.Although
softwaretoolsdohelpcompaniestoorganizeandmanagecomplexdata,designsarestillfrequently
renderedas2Ddrawingswhentheyneedtobecommunicatedtoothercollaboratorson-site(Howard
&Penttilä,2006).

2Ddrawingsareessentialforanyprojecttosucceedasacommunicationtool.Theirimportance
isnotonlyinhelpingtodescribethedesignproject,buttheycanalsoserveasinformationrecords
toidentifymiscommunicationseasilyinthecaseofadesignissueorconstructiondefectoccurring
on-site.3Dmodelsareoftenusedtoprovideadditionalinformationcomparedtothe2Dversions.In
thecaseofarchitectureanddesignpractices,3Dmodelstendtobeusedtoshareknowledge,such
asaboutthebuildingmaterialsemployedonthebuildingfaçade,tocreateavirtualaffectandso
convincetheclientsaboutthedesign.Incontrast,thesetypesofmaterialswereintentionallyselected
forpresentationpurposesonlyandwerenotmeantforconstructionsiteuse(Steeletal.,2009).

Communicatinginformationinthiscomplexenvironment,suchasarchitecturalmaterials,can
easilyleadtomiscommunicationifthisinformationisusedon-site.Theonlysolutionistoperform
multipledatainspectionstoensurethattherightinformationhasbeendeliveredtothecorrectplace
(Steeletal.,2009).

Building Information Modelling Current Status
TheUKconstructionindustryisfacinganoverlappingissue,characterizedbytheprojectspecifications,
projectnature,projectlifedurationandunavailabilityofstandardizationintheproductprocess.All
ofthesechallengeshavemadetheindustrymorecompetitivethaneverbefore,aswellaslowering
theprofits toaminimumandraisingcosts (Charalambousetal.,2013).Toadapt toallof these
challenges,aBIMimplementationmodelhasbeendevelopedbytheUKDepartmentofBusiness
InnovationsandSkills(BIS),definedinfourdifferentlevels,startingfromlevel0uptolevel3,to
facilitateBIMadaptationintheconstructionsector.Buildinginformationmodelingisamethodology
forinterdependentnetworkstomanagetheessentialbuildingdatainadigitalformatthroughoutthe
projectlifecycle(Howard&Penttilä,2006).Asanemergingmanagementtool,itisconsideredto
beusefulforincreasingefficiency,aslowercostsimprovecollaborationinthedesignandprocess
(CITB2014).However,basedonrecentstudies(Peopleetal.,2012),ithasbeenfoundthat64%
ofconstructioncompaniesarestillatlevel1ofBIMimplementation,withtheexceptionofafew
companiessuchasArupthatareexperiencingtheadvantagesoflevel2(Figure1).

TheintroductionofBIMlevel2in2016addressestheaboveissues.Asignificantrealization
ofBIM’svaluehasstartedtoemergeandaBIMframeworkadaptationhasbecomeanecessityfor
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allconstructioncompanies(McNell,2008).However,themainchangesareyettoappearwiththe
introductionofBIMlevel3.Asanextendedstrategyplan,level3isexpectedtochangetheindustry,
requiringthere-planningoftheconstructionprocessandthemindsetwithintheindustryitself.The
biggestchallengeassociatedwith implementingBIMlevel3 is theuseofacollaborativemodel
serverandanonlinecollaborativeplatformtooperatethecentralmodel(Modelling&Plan,2015).

Construction Site Communication Limitations
Thecommunicationlimitationsonconstructionsitesareduetotwofactors.Thefirstfactorisrelated
totheformalandinformalorganizationoftheconstructionprocess’communicationtools,withformal
communicationsuchas2Ddrawingsandwrittendata,andinformalinformationsupportsuchasBIM
and3Dlaserscans(Gieletal.,2010).

The second factor is related to the personnel themselves, where the human factor plays a
majorroleandeffectiveteamworkisrequiredtofacilitatetheconstructionprocess.Thefailureto
maintainthisconnectioncausesstakeholderstoloseinterestinimprovingcommunication,orcould
leadtorecriminationbetweentheorganization’smembers,whichwouldcausealossoftrustand
communicationrestrictions,resultinginevenmoredefectsandfurthercosts(Hoezenetal.,2006).

Theimpactofthesetwofactorscanbeseenclearlyinsomecasesofconstructiondefects.In
addition,constructiondefectscanbecausedbytheuseofinappropriatecommunicationtoolsorby
alackofcommunicationwithinthegroupsthemselves(Hoezenetal.,2006).

For these reasons, it is important to establish a clear communication framework study that
addressesthecommunicationpractices’weaknessesinordertoassigncommunicationresponsibilities
intermsofthecommunicationtools,constructionphasesandorganizationteammembersinvolvedon
theconstructionsite.Thiswillcontributetowardimprovingthecommunication,aseachcollaborator
willusetheappropriatecommunicationtooltoexchangeinformation.

Ascommunicationisimportantforthedesignphaseandtheconstructionsiteaswell,theextended
useofBIMattheconstructionsiteisrecommendedtoimprovethecommunicationbetweendifferent
stockholders,whichwillhelptoreducetheconstructiondefectsandcostsasaresult.Thestrategy
ofadoptingBIMfortheconstructionsiterequiressubstantialchangestobemadetotheexisting
communicationpractices.WhilepartoftheteamintegratesBIMintotheearlydesignstage,other
teammemberswhoperformtheactualworkintheconstructionphaseareunabletobenefitfromBIM
(Tobergte&Curtis,2013).Crucialinformationupdatesarenotbeingcommunicatedeffectively,asthe
useofactivedataisconsideredtobealuxuryontheconstructionsite.Instead,teamsoperatingon-site

Figure 1. BIM implementation strategy
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havetouseconventional2Ddrawingstocommunicateandtounderstandthecomplexconstruction
tasks(Hooper-Greenhill,1999).

Therefore,theresearchaimstodeveloptheexistingResponsibilityAssignmentMatrix(RAM),
whichisaprojectmanagementtoolusedtodefinewhoisresponsiblefortheindividualworkformed
inamatrixtable(Nevison&John,2013),byassigningtheappropriatecommunicationtoolstothe
on-sitepersonnel,whileaddressingtheseresearchquestions:

1. Whatarethemosteffectivecommunicationtoolsusedonconstructionsites?
2. Whichgroupingpersonnel/stakeholdersarethemostactiveon-siteintermsofcommunication?

Answering these two questions generally will result to a better understanding of how the
communicationworksonconstructionsite,mostlyforalltypesofconstructionprojectsintheUK.
Tothestudyundercontrol,thestudywilldiscussthecommunicationontheconstructionsiteonly,
andnottheinformationtranslationfromBIMtoanotherformat.

Research Method
ThestudyusesaResponsibilityAssignmentMatrix(RAM),whichisaprojectmanagementtool
(Carstensetal.,2013).Itstartsbyidentifyingtheproject’stasksandphases,andthendeciding
the personnel groups who will carry out the work. These are identified by a system called
WorkBreakdownStructureorWBS(Brothertonetal.,2008).Ontheotherhand,Organization
BreakdownStructureorOBSwillhelptoidentifythepersonnelgroupsinvolvedonaconstruction
site(Kanabar,2013).Crossingthesetwodataoutputs(Figure2), theWBSwiththeOBS,will
resultintheResponsibilityAssignmentMatrixorRAM(Energy,2003).TheWBSisresponsible
for demonstrating how the project components are related and helps to schedule the different
constructionprocesses(Devi&Reddy2012).TheOBS,ontheotherhand,aimstoidentifythe
workinggroupsorpersonnelgroupsinvolvedinconstructionoperations.BothWBSandOBSare
usedasinputinformationfortheResponsibilityAssignmentMatrix(RAM),thatwillbecalled
theCommunicationToolAssignment2orCTA2frameworkinthisresearch.Thiswillrepresent
thecommunicationtoolusedbyallpersonnelgroupsintheconstructionphasesthroughoutthe
projectlife-cycle.Asaresult,theframeworkwillhelptoimprovecommunication,aseverysingle
detailisimportant.

In order to obtain data on the WBS and OBS, the study uses a qualitative survey that was
distributedintheUKamong328participantswhoareconsideredtobeinvolvedeitherinconstruction

Figure 2. Communication studies diagram
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industrypracticeorinacademia.Thestudymanagedtoreceive48responsesthathelpedinbuilding
thecommunicationframework.

Adapting the work Breakdown Structure (wBS) for 
the Communication Study Framework
Construction management uses WBS to break down projects into a number of individual
phases.Eachphasecanbesubdividedintosmalltasks.Allofthesesubdivisionsandphases
arerelatedandconnectedtogethertoachievethefinalproject(Brothertonetal.,2008).This
systemwillhelptosimplifyandfacilitatetheplanningfordifferentinterrelatedconstruction
phases(Figure3).Sincethestudyisintendedtobeimplementedforalltypesofconstruction
projectsintheUK,thestudyhadtoidentifycommonconstructionphasesacrosstheindustry.
Asaresult,anumberofconstructionphaseshavebeenselected,namely:SitePreparations,
Foundation,Structure,BuildingEnvelop,InteriorConstruction,Doors/WindowsInstallation,
Electrical Installation, HVAC system, Building Services Installation and Finishing and
decoration,respectively(Khalil&Abdul,2006).

Adapting organization Breakdown Structure (oBS) 
for the Communication Framework Study
ThesecondstageafterusingtheWBSistousetheOBStodevelopknowledgeofacommunication
frameworkinrelationtothepersonnelgroupsoperatingattheconstructionsite(Golany&Avraham,
2001).Theorganizations’selectionhastofitawiderrangeofconstructionprojectsintheUK.The
researchwilluseOBStoidentifythepersonnelororganizationalgroupswhowillbecarryingout
theconstructiontasksidentifiedearlierintheWBS(Figure4).Thisinformationisimportantfor
understandingandorganizing thecommunication structure aswell ashighlightinganyareas for
possibleimprovement(Cpm,2006).

Figure 3. The work breakdown structure

Figure 4. The organizational breakdown structure
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Thestudyidentifiedninemainworkinggroupsontheconstructionsite,sincetheresearchis
focusedonteamsoperatingonconstructionsitesonly.Thesegroupsareasfollows:Client/Owner,
DesignTeam,StructuralDesignTeam,HVACTeam,TaskManager/Foreman,Architecture,Site
Manager,WorkersandProjectManager(Khalil&Abdul,2006).

Communication Tool Assignment Matrix
ARAMisamatrixtablethatlistsboththeWBStasksandOBSgroups(Nevison&John,2013).The
researchusedamodifiedRAMframeworktomeettheconstructioncommunicationstudy’sneeds.In
thisstudy,theRAMwasusedtoassigncommunicationtoolsforthepersonnelgroupsoperatingon-
site.Inthiscontext,itwillbecalledtheCommunicationToolAssignmentMatrix(CTA2).Generally,
projectmanagersuseRAMtoensurethattheconstructionphasesidentifiedbytheWBShavethe
correctorganizationgroupfromtheOBStoassignthecommunicationtooltoit.Forthisreason,
theRAMmatrixisusedtoassignthecommunicationtooltotherightorganizationgroups(Golany
&Shtub,2001).TheRAMinthisstudyandinthiscontext,willhelpustounderstandwheretouse
eachcommunicationtool,whichgroupneedstobesupportedandhowtoimprovecollaborationon
theconstructionsite.

ReSeARCH FINDINGS

Communication Framework Structure
Thechartwascreatedtopopulatetwopartsofthedatapercell.Eachcellwasdividedhorizontally
intotwoparts.Theupperpartaccommodatesdatafromthecommunicationtoolusedinpractice,
whilethelowerpartisfortherecommendedcommunicationtoolthathelpstoimprovecommunication
(Figure5).Forresearchpurposes,threetypesofcommunicationtoolswereselectedfortheupper
partof thecells, includingcommunicationby2Ddrawings,on-sitemeetingsandtheuseof text
documents.The lowerpart, in contrast,has twoadditional typesof communication tools:direct
instructionsandphonecalls.

Communication Tool Assignment Matrix Modifications
Asacontributiontothestudy,theparticipantssuggestedmodifyingsomeaspectsoftheframework.
This canbe summarized into twopoints: the communication responsibilities of sharing and the
additionofothertypesoforganizations.Inresponsetothefirstpoint,thestudyHadtochooseone
oftwodifferentoptionsinordertobuilduptheorganizationalstructure.Thefirstoptionwasthe
horizontalorganizationalstructurewhereasthesecondoptionwastheverticalorganizationalstructure.
Fromthesurveydata,thestudywillbefollowingtheexperts’recommendationastheysuggested
thatclientshouldbeinvolvedwiththeconstructionsitethemselvesandtheyneedtocommunicate
withotherson-siteinsteadofbeingisolated.Thatbasicallymeanstoselectthefirsttypeofstructure
ofthehorizontalorganizationalstructureasseeninFigure6.Inaddition,thesecondrequestmade
bytheparticipantswastoaddanothertwoorganizationstothestudyincludingtheorganizationof
thecontractorsandsuppliers.

The resulting communication framework, seen in Figure 7, will be used to identify the
appropriatemediumtofacilitatethecommunicationduringtheconstructionphase.Thefollowing
chartsillustratesthecommunicationmediumusedbyorganizationsinrelationtoeachconstruction
phase.Figure7,istoshowtheoverallcommunicationframeworkinthefinalformat.However,
thedata densitywas an issue and anothermethodof data presentation is required.To solve
thisissueandtofacilitatetheuseofthecommunicationframework,thestudyhasdividedthe
Figure7intofourdifferentsections,eachcomeswithakeyplanasitshowninFigure8,Figure
9,Figure10,Figure11.
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Usage of the Communication Framework
Tousetheframework,usersmustfirstselecttheorganizationtheywouldliketoknowwhattypeof
communicationtooltheyuseaslistedinFigure4.Second,usersagainneedtoidentifytheconstruction
phasetheywanttoknowthecommunicationtoolusedonbytheselectedorganization.Theyneed
tomovetoFigure3toselectthecorrespondedconstructionphase.Third,istointersectthecolumn
oftheselectedorganizationwiththerowoftheconstructionphase.Finlay,theintersectionfunction
will result toa singlecellofdata showing the typeofcommunication toolusedby theselected
organizationinrelationtotheconstructionphaseFigure7,Figure8,Figure9,Figure10,Figure11.

Figure 5. How the chart merges the two phases’ data into one chart

Figure 6. Organization comparison between horizontal and vertical structure
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CTA: Communication Tool Assignment Matrix Findings
Basedonthenumberofcommunicationtoolsusedthroughoutthe10constructionphases,2Ddrawings
scorethehighestrateofusageof86%comparedtotheothertypesofcommunication.On-sitemeetings
cameinthesecondplace,with75%.Incontrast,usingwrittendocumentsappearedtobetheleast
effectivecommunicationtoolanditsusagewaslimitedtotheusageofsuppliersandsitemanagers
inspecificphasessuchasthedecorationandfinishingphases.Ontheotherhand,suppliershave
shownthehighestrateofabilityinusingthedifferenttypesofthecommunicationtools.Apartfrom

Figure 7. The CTA showing the communication types used by each organization on each construction phase
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Figure 8. Section 1 of the communication framework
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thetoolofon-sitemeeting,supplierhaveusedalltypesofthecommunicationtoolswithdifferent
percentages(Figure12).

CoNCLUSIoN

Thestudywasformedtoanswertwomajorquestions.Identifyingthemostactiveorganizationson-
site,andknowingthecommunicationtoolsusedonconstructionsite.Resultingtoacommunication

Figure 9. Section 2 of the communication framework
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frameworkdescribingthecommunicationontheconstructionsitethatcanbeimplementedforall
typeofconstructionprojectsintheUK.

Inrelationtoorganizations’involvementinconstructionsitecommunication,itwasdetermined
thatsuppliersarethemostactiveorganizationon-site.Theyusedalltypesofcommunicationtool
available,except for the toolofconductingmeetingson-site.Thestudyshows that suppliersare
betteradapted tocommunicating through textdocuments,givingworkersdirect instructionsand

Figure 10. Section 3 of the communication framework
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communicatingbyphone,withoutbeingpresenton-site.Theirabilitytocommunicatethrough2D/3D
drawingsislowerthantheothertypesofcommunicationtools,butitstillacceptable.Contractors
andforemangroupscamesecond,asbothshowanoutstandingcapabilitytocommunicatevia2D/3D
drawings,on-sitemeetingsandunderstandingdirectinstructions.

Ontheotherhand,drawings,in2Dand3Dformat,wasthewidely-usedcommunicationtool,as
answeringthesecondquestion.Mostorganizationsemploythistypeofcommunicationduringsome
stagesoftheconstructionprocesstosharedataandcommunicatewithotherorganizations.Structure
designersarethegroupleastlikelytousethe2D/3Ddrawings,whichcouldpotentiallylimittheir

Figure 11. Section 4 of the communication framework
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abilitytocommunicateandmayleadtoconstructiondefects.Afuturerecommendationwouldbeto
supportthestructuraldesignteamtothemwithadditionalcommunicationtoolsinthefuture.However,
thatwillrisenumbersofquestionthatneedtobeanswered.First,whichorganizationisbetterto
support?Isitbettertosupportthestructuralorganizationwhohavelessabilityofcommunication
abilityasthestudyhasshown?Howthatmayimprovethecommunicationoverall?Orisitbetterto
supportthesupplierorganization?Andwillthatimprovethecommunication?Finally,istocompare
theresultofthetwoapproaches.

Afutureresearchplanistoselectthestructureorganization,asthelowestorganizationusing
2D/3Ddrawingson-site,andsupportthemwithBIM.ThestudywillexaminetheuseofAugmented
Reality(AR)toprovideadirectaccesstoBIMdataforthestructuralorganizationandknowinghow
farthecombinationofBIMandARmayimprovethecommunicationonconstructionsite.

Figure 12. The number of communication tools used to support on site construction inspection
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