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Abstract 
Today in the European Union, approximately three out of four building stocks are operating energy 
inefficiently. This phenomenon has triggered large-scale building renovation ambitions, aiming to 
reach significant energy savings. Facility Management has a strong influence on the optimal energy 
consumption of buildings, although when buildings are re-designed, the consideration of their 
requirements is often ignored. Due to the last years' research development in BIM, the establishment 
of a specialized BIM-supported Knowledge Management System could solve this long-existing 
problem. Accordingly, the presented paper aims to establish a methodological framework based on 
the systematic alignment of Knowledge Management, Knowledge Engineering, and System 
Engineering principles, by which the development of such a system could be executed. As a partial 
validation of this framework, the first system development level is presented, which can be used as a 
communication base to navigate the detailed system design later. 

Keywords: Facility and Operation Management, Knowledge Management, BIM, Ontology-based 
Knowledge Management Systems, Building Energy Consumption  

1 Introduction  
AppUo[imaWel\ WhUee oXW of foXU bXilding VWockV aUe opeUaWing eneUg\ ine৳cienWl\ accoUding Wo Whe 
cXUUenW VWandaUdV in Whe EXUopean Union Woda\. डe UenoYaWion of e[iVWing bXildingV haV a cUXcial Uole 
Wo Ueach VigniৱcanW eneUg\ VaYingV, and meanWime pUoYiding an eৰecWiYe Za\ foU Whe clean eneUg\ 
WUanViWion (FilippidoX 2019).  

FaciliW\ ManagemenW (FM) iV W\picall\ conVideUed Wo be a poVW-conVWUXcWion VeUYice WhaW haV a 
VWUong in৲Xence on Whe opWimal eneUg\ conVXmpWion of e[iVWing bXildingV (Meng 2013) (Min eW al. 
2016). डe\ aUe in chaUge of anal\]ing and ৱne-WXning bXilding XVeU and XVe-UelaWed eneUg\ 
conVXmpWion oU deWecWing and changing mal-fXncWioning eneUg\-conVXmeU bXilding XniWV. 
ConVeqXenWl\, FM poVVeVVeV a laUge amoXnW of knoZledge aboXW minimi]ing Whe opeUaWional bXilding 
eneUg\ XVe, foU inVWance, Yia Vmall and middle-Vcale eneUg\ UeWUoৱऔing.  

NeYeUWheleVV, Zhen bXildingV aUe Ue-deVigned, oU eYen neZl\ planned, WUadiWionall\, Whe 
conVideUaWion of FM knoZledge haV oऑen been ignoUed oU VWa\V aW a minimXm aW beVW (Meng 2013), 
(BU¸WchneU 2003). IW iV a long-e[iVWing KnoZledge ManagemenW (KM) pUoblem beWZeen Whe domain of 
FM and Whe bXilding deVign VecWoU (BU¸WchneU 2003), WhaW if iW iV noW VolYed, Whe Vo deVigned bXildingV 
ma\ noW fXlৱll WheiU iniWial e[pecWaWionV, in Whe foUm of XnfoUeVeeabl\ high opeUaWiYe eneUg\ 
conVXmpWion (Min eW al. 2016).  

 KM iV a UelaWiYel\ neZ managemenW ৱeld (JenVen eW al. 2018) WhaW coXld be deVcUibed aV a conVcioXV 
VWUaWeg\ of geऔing Whe UighW knoZledge Wo Whe UighW people aW Whe UighW Wime Wo impUoYe oUgani]aWional 
peUfoUmance (O'Dell & GUa\Von 1998). ConVeqXenWl\, aV Whe bXilding indXVWU\ iV geneUall\ 
chaUacWeUi]ed b\ pooU commXnicaWion, nXmeUoXV VWXdieV haYe aऔempWed Wo Wake adYanWage of Whe 
pUincipleV of KM and UelaWed InformaWion and CommXnicaWion Teࠫnolog\-based s\sWems (ICT 
s\sWems) Wo enhance Whe pUodXcWiYiW\ of Whe conVWUXcWion VecWoU (YX & Yang 2018).  
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2 BIM-supported Knowledge Management Systems 
CUoVVZiVe Whe bXilding indXVWU\, Whe concepW of BXilding InformaWion Modeling (BIM) UepUeVenWV Whe 
conViVWenW XVe and Ue-XVe of digiWal bXilding infoUmaWion acUoVV Whe enWiUe lifec\cle of a bXilW faciliW\ 
(BoUUmann eW al. 2018). डiV concepW V\VWemaWicall\ compUiVeV diৰeUenW ICT V\VWemV and WoolV (L.H., 
BIM-VXSSRUWHG V\VWHPV DQG WRROV) Wo aid Whe oYeUall infoUmaWion managemenW beWZeen diৰeUenW 
conVWUXcWion domainV, inclXding FM. AccoUdingl\, in UecenW \eaUV, Whe nXmbeU of VWXdieV on BIM haV 
been VigniৱcanWl\ incUeaVed in Whe conWe[W of KM (YX & Yang 2018), ZheUe UeVeaUcheUV aUe geneUall\ 
deYeloping Vo-called BIM-sXpporWed KnoZledge ManagemenW S\sWems (BIM-KMS).  
 AV pUeVenWed b\ (Wang & Meng 2019), UeVeaUch eৰoUWV focXVing on BIM-KMS aUe geneUall\ 
bXilding Xp BIM-VXppoUWed knoZledge baVeV, WoolV, oU compXWaWional V\VWemV in Whe conWe[W of Vpeciৱc 
KM pUoceVVeV (H.J., NQRZOHGJH FDSWXUH, NQRZOHGJH VWRUDJH, RU NQRZOHGJH GLVWULEXWLRQ). AW Whe Vame Wime, 
oWheU UeVeaUcheUV haYe Waken a holiVWic appUoach, ZheUe Whe focXV poinW iV on Whe oYeUall KM pUoceVVeV 
WhaW aUe aided b\ BIM-VXppoUWed V\VWemV and WoolV. In oUdeU Wo pUoYide a good XndeUVWanding of Whe 
diৰeUenceV beWZeen Whe WZo VWXd\ W\peV, e[ampleV aUe pUeVenWed beloZ in Whe conWe[W of Whe iniWial 
FM-DeVigneU pUoblem. 
 AV Whe main pUinciple of BIM-VXppoUWed V\VWem VWXdieV, Whe BXilding InformaWion Model (BIM-
Model) VhoXld be Veen aV Whe cenWUal bXilding knoZledge UepoViWoU\, VWoUing knoZledge Vpeciৱc Wo 
bXilding pUojecWV (Wang & Meng 2019). FoU e[ample, (Wang eW al. 2013) VhoZ WhaW a bXilding pUojecW-
Vpeciৱc BIM-Model can V\VWemaWicall\ VWoUe eneUg\-UelaWed FM knoZledge Wo aid eaUl\ deVign 
deciVionV. To addUeVV Whe challenge of pUojecW dependenc\, (LiX & IVVa 2016) haYe pUeVenWed a BIM-FM 
knoZledge baVe, b\ Zhich FM domain knoZledge coXld be independenWl\ VWoUed fUom Whe BIM-Model. 
DXe Wo iWV geneUal conWenW, WhiV FM knoZledge baVe coXld When be Ue-XVed in oWheU bXilding deVign 
deciVionV aV Zell. SimilaUl\ (Ding eW al. 2016) aऔempW Wo eVWabliVh a VepaUaWe knoZledge baVe Yia 
onWolog\ deYelopmenW Wo VWoUe geneUal conVWUXcWion knoZledge linked ZiWh Whe BIM-Model. OWheU 
VWXdieV, like (MoWaZa eW al. 2014) haYe focXVed noW onl\ on VWoUing bXW eVpeciall\ capWXUing and VWoUing 
eneUg\-UelaWed FM knoZledge Yia an inWeUface linked ZiWh Whe BIM-Model. Behind WhiV inWeUface, a 
caVe-baVed UeaVoning modXle ZaV deYeloped WhaW alloZV Whe VWoUed knoZledge Wo be UeWUieYed (L.H., 
GLVWULEXWHG) b\ a deVigneU peUVon. 
 On Whe conWUaU\ Wo WheVe indiYidXal VWXdieV, oWheU UeVeaUch ZoUkV on BIM-KMS aUe holiVWicall\ 
deYeloping KM-baVed fUameZoUkV in Whe conWe[W of BIM. FoU inVWance (DeVhpande eW al. 2014) ৱUVWl\ 
idenWiৱeV Whe main KM pUoceVVeV and accoUdingl\ claVViৱeV Whe XWili]aWion of diYeUVe BIM-VXppoUWed 
V\VWemV and WoolV. SimilaUl\, (ChaUleVUaj 2014) alVo deYelopV a holiVWic fUameZoUk foU FM pXUpoVeV Wo 
haUneVV Whe poZeU of KM and BIM Wo faciliWaWe FM. डiV liWeUaWXUe ZoUk indicaWeV, Whe XWili]aWion of 
onWologieV iV highl\ beneৱcial Wo model FM domain knoZledge, beVideV modeling Whe diৰeUenW KM 
pUoceVVeV. 

3 Methodological Framework to Develop BIM-supported Ontology-based 
Knowledge Management Systems 
AccoUding Wo Whe pUeVenWed UeVeaUch ZoUkV, Whe concepW of BIM-KMS coXld be idenWiৱed aV Whe UighW 
appUoach Wo VolYe Whe iniWial FM-DeVigneU pUoblem. NoWZiWhVWanding, WheUe iV a VigniৱcanW knoZledge 
gap aboXW hoZ Whe pUeVenWed WZo VWXd\ W\peV UelaWe Wo each oWheU UegaUding deYeloping a BIM-KMS. 
ConVeqXenWl\, WhiV chapWeU aimV Wo deVcUibe a geneUal meWhodological fUameZoUk, ZheUe Whe 
appUoacheV, addUeVVed in boWh liWeUaWXUe W\peV, aUe anal\]ed and inWegUaWed inWo one Xniৱed concepW. 
डiV XniৱcaWion aimV Wo pUoYide a pUofoXnd Za\ Wo deYelop a BIM-KMS, alWhoXgh, foU Whe Vake of 
VimpliৱcaWion, ৱUVWl\ ZiWhoXW Whe conWe[W of Whe FM-DeVigneU pUoblem.  

3.1 Basic Research Method 
AV a VWaUWing poinW foU Whe fUameZoUk deYelopmenW, Whe main pUincipleV of a neZ and YeU\ hXmble 
UeVeaUch ৱeld VhoXld be XVed, namel\ AdYanced EngineeUing InfoUmaWicV. डiV UeVeaUch ৱeld focXVeV 
noW on Whe aXWomaWion of mXndane WaVkV bXW on deYeloping meWhodV Wo enhance Whe e[iVWing ZoUk 
enYiUonmenW of engineeUV (HaUWmann & TUappe\ 2020). ConVeqXenWl\, aV a ৱUVW VWep, diYeUVe 
engineeUing (DQG PDQDJHPHQW) diVciplineV, and conWe[WV mXVW be WhoUoXghl\ e[ploUed and e[amined. 
डe main aim of WhiV e[aminaWion (DQG WKH UHVHDU࠼ ऎHOG) iV Wo deYelop appUoacheV foU implemenWing 
compXWeU-aVViVWed engineeUing plaWfoUmV WhaW appl\ onWolog\-baVed WheoUieV and VolXWionV (HaUWmann 
& TUappe\ 2020). OnWolog\ can be deVcUibed aV an e[pliciW, foUmal VpeciৱcaWion of a VhaUed 
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concepWXali]aWion (GUXbeU 1993) WhaW can be pUimaUil\ XVed foU: (ऎUVW SXUSRVH) commXnicaWionV 
beWZeen hXmanV, (VHFRQG SXUSRVH) Ue-XVe and oUgani]aWion of knoZledge, foU VWUXcWXUing and 
oUgani]ing libUaUieV, oU (WKLUG SXUSRVH) compXWaWional infeUence (MaieU 2007).  
 ConVeqXenWl\, aV a ৱUVW VWep Wo eVWabliVh Whe UeqXiUed meWhodological fUameZoUk, Whe UighW 
appUoach VhoXld be e[ploUed Wo deYelop a BIM-KMS. डiV e[ploUaWion haV alUead\ been pUeVenWed in 
Whe pUeYioXV chapWeU, ZheUe Whe holiVWic paWh, on Whe oWheU hand, Whe BIM-VXppoUWed V\VWem appUoach, 
haV been diVcoYeUed. If Whe holiVWic appUoach iV Waken, Whe focXV poinW of Whe fUameZoUk deYelopmenW 
VhoXld la\ on Whe deWeUminaWion of neceVVaU\ KM pUoceVVeV WhaW can be VXppoUWed b\ diYeUVe BIM-
VXppoUWed V\VWemV and WoolV. डiV appUoach Vhall be pUimaUil\ baVed on KnoZledge ManagemenW 
pUincipleV, aV iWV main aim iV Wo encompaVV Whe oYeUall KM iniWiaWiYe. On Whe conWUaU\, if Whe BIM-
VXppoUWed V\VWem appUoach iV choVen, Whe emphaViV iV giYen Wo Whe deYelopmenW of Vpeciৱc 
compXWaWional V\VWemV and WoolV WhaW pUimaU\ aim iV Wo VXppoUW a Vpeciৱc KM pUoceVV (H.J., NQRZOHGJH 
VWRULQJ). डiV peUVpecWiYe iV la\ing on KnoZledge Engineering (KE) pUincipleV, aV Whe\ aUe geneUall\ 
inWeUeVWed in Whe needed WechnologieV Wo meeW Whe enWeUpUiVe'V KM demand (Kendal & CUeen 2007).  
 डe aXWhoUV belieYe WhaW boWh appUoacheV, and WheiU UelaWed diVciplineV aUe eqXall\ cUiWical Wo 
deYelop a BIM-KMS. ConVeqXenWl\, Whe XniৱcaWion of Whe main pUincipleV of KM and KE iV UeqXiUed 
XndeU Whe deYeloped-Wo-be fUameZoUk. FXUWheUmoUe, Whe WhUee XWili]aWion VcenaUioV of onWologieV mXVW 
poVVeVV a cenWUali]ed Uole ZiWhin WhiV XniৱcaWion, aV boWh appUoacheV XVe WhiV knoZledge 
UepUeVenWaWion WechniqXe Wo enVXUe Whe V\VWem'V VXcceVV.  
 In conclXVion, Whe main aim of Whe fUameZoUk iV Wo deYelop a BIM-VXppoUWed OnWolog\-baVed 
KnoZledge ManagemenW S\VWemV, hencefoUZaUd BIM-KMS, WhaW iV eVWabliVhed on Whe main pUincipleV 
of KM and KE. HoZeYeU, Whe coUUecW XWili]aWion of onWologieV ZiWhin WhiV V\VWem iV a comple[ 
pUocedXUe. FoU WhiV pXUpoVe and Wo pUoYide a compUehenViYe oYeUYieZ of Whe KM and KE-baVed 
meWhodolog\, Whe main pUincipleV of Whe S\sWem Engineering (SE) diVcipline Zill be applied foU 
VWUXcWXUing pXUpoVeV aW Whe end of WhiV chapWeU. AV Whe UeVXlW of inWegUaWing SE pUincipleV, a 
VWandaUdi]ed fUameZoUk iV pUeVenWed foU Whe KM and KE-baVed meWhodolog\, WhXV enhancing iWV 
XWili]aWion in Ueal-life (UHVHDU࠼) pUojecWV. 

3.2 BIM-supported Ontology-based Knowledge Management Systems  
ConVeqXenWl\, Wo pUofoXndl\ deYelop a BIM-KMS, Whe alignmenW of KM and KE pUincipleV iV UeqXiUed. 
KM iV pUimaUil\ conceUned ZiWh diVcoYeUing and leYeUaging knoZledge Wo Whe enWeUpUiVe'V beneৱW b\ 
eVWabliVhing Whe enWeUpUiVe-leYel KM VWUaWeg\ (Kendal & CUeen 2007). MeanWime KE iV geneUall\ 
inWeUeVWed in Whe needed WechnologieV Wo meeW Whe enWeUpUiVe'V KM demandV (Kendal & CUeen 2007). 
AccoUdingl\, KM and KE acWiYiWieV aUe inheUenWl\ inWeUUelaWed ZiWh each oWheU (LieboZiW] 2001).  

3.2.1 Knowledge Management Approach 
GeneUall\, deYeloping KMS UeqXiUeV a KM iniWiaWiYe Wo be XVed eৰecWiYel\ and e৳cienWl\ (MaieU 2007), 
Zhich, in Whe pUeVenW caVe, mXVW be adopWed Wo Whe BIM conWe[W. AV iW can be Veen in FigXUe 1., WhiV 
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Systems (Adapted from Maier 2007) 
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adapWed iniWiaWiYe inclXdeV Vi[ main elemenWV, namel\ Whe deৱniWion of KM VWUaWeg\, inVWUXmenW, 
UelaWed KM pUoceVVeV, peUVonV, pUodXcWV, and ৱnall\, Whe BIM-KMS (L.H., ICT V\VWHP). 

AccoUding Wo (MaieU 2007), pUimaUil\ WZo main VWUaWegieV can be diVWingXiVhed in KM. On Whe one 
hand, Whe peUVonali]aWion VWUaWeg\, Zhich iV conVideUed a moUe hXman-oUienWed appUoach, on Whe oWheU 
hand, Whe codiৱcaWion VWUaWeg\, WhaW UepUeVenWV a moUe Wechnolog\-focXVed YieZ. NeYeUWheleVV, Whe 
deYelopmenW of BIM-KMS VhoXld noW be e[clXViYel\ baVed on one of WheVe VWUaWegieV bXW inVWead on a 
bUidging appUoach. WiWhin WhiV VWUaWeg\, Whe emphaViV iV on Whe Wechnolog\-oUienWed appUoach 
alWhoXgh iW pa\V aऔenWion Wo Whe hXman Vide aV Zell (MaieU 2007).  
 In oUdeU Wo VXcceVVfXll\ deYelop a KMS, ZiWhin Whe inVWUXmenW elemenW, Whe KM VWUaWeg\ (L.H., 
EULGJLQJ DSSURD࠼), Whe Wheme conWe[W (H.J., HQHUJ\-HऐFLHQF\ EXLOGLQJ RSHUDWLRQV), aV Zell aV Whe maऔeU 
of VXbjecW (H.J., FM-DHVLJQHU SUREOHP) VhoXld be deৱned. डXV, Whe main aim of WhiV inVWUXmenW 
VpeciৱcaWion iV Wo chaUacWeUi]e Whe moWiYaWion and achieYed-Wo-be goalV of Whe KM iniWiaWiYe. 
 ConVideUing Whe KM pUoceVVeV, WheiU ViWXaWion-oUienWed deVign VhoXld be Whe fXndamenWal focXV 
poinW of Whe KM iniWiaWiYe. डiV deVign iV aided b\ Whe claVVical VWepV of Whe KM Life C\cle. डiV meanV 
Whe KM pUoceVVeV aUe cXVWomi]ed accoUding Wo Whe achieYed-Wo-be goalV, and meanWime fXUWheU VXb-
pUoceVVeV aUe indicaWed, ZheUe Whe UeVponVibiliWieV and UoleV of Whe peUVonV aUe alVo idenWiৱed. डiV 
cXVWomi]aWion iV cUXcial, aV Whe KM pUoceVVeV aUe aiding Whe naYigaWion of Whe planned-Wo-be BIM-
VXppoUWed V\VWemV and WoolV collecWiYel\ encompaVVing Whe BIM-KMS. In UeWXUn foU WhiV naYigaWion, 
Whe Vo deYeloped BIM-KMS compUehenViYel\ VXppoUWV Whe KM pUoceVVeV Wo Ueach Whe pUimaU\ goal of 
Whe KM iniWiaWiYe.  
 डe BIM-KMS VhoXld be paUWl\ oU fXll\ conViVWing of diYeUVe BIM-VXppoUWed V\VWemV and WoolV, 
ZheUe XlWimaWel\, Whe XWili]aWion of Whe BIM-Model ZoXld VXppoUW Whe deৱned KM pUoceVVeV. 
AccoUdingl\, Whe XVeU-cenWUic deVign of WheVe BIM-VXppoUWed V\VWemV and WoolV iV alVo impoUWanW, 
ZheUe Whe deVign VhoXld be baVed on, on Whe one hand Whe VXppoUWed-Wo-be KM pUoceVV, on Whe oWheU 
hand, Whe WaUgeW gUoXp XVeUV, Zho aUe deৱned XndeU Whe peUVon peUVpecWiYe (H.J., FM SHUVRQ DQG 
GHVLJQHU SHUVRQ).  
 NoWZiWhVWanding, Whe KM pUoceVVeV aUe gXiding Whe cUeaWion and applicaWion of Whe pUodXcW 
deYelopmenW paUaell\. In Whe caVe of Whe pUeVenW papeU, WhiV pUodXcW iV a domain onWolog\ (VHFRQG 
SXUSRVH) WhaW conWainV e[peUience-baVed (L.H., WDFLW), aV Zell aV docXmenWed (L.H., H[SOLFLW) knoZledge 
VimXlWaneoXVl\ ZiWhin Whe giYen pUe-deৱned Wheme. डe deৱniWion of WhiV domain onWolog\ UeqXiUeV 
YeU\ deWailed modeling WhaW iV VXppoUWed b\ a domain e[peUW. डe main aim Wo deYelop WhiV onWolog\ 
iV Wo be XVed aV Whe baVe VWUXcWXUe of conWenWV ZiWhin Whe BIM-VXppoUWed V\VWemV and WoolV, hence 
cUeaWing a BIM-VXppoUWed OnWolog\-baVed KnoZledge ManagemenW S\VWem. 
 WiWhin KM, modeling iV one of Whe cUiWical WaVkV WhaW help Wo XndeUVWand and anal\]e Whe aboYe 
deVcUibed Vi[ peUVpecWiYeV of Whe KM iniWiaWiYe, WhXV cUeaWing a XniYeUVal commXnicaWion baVe foU all 
paUWicipanWV aboXW Whe KM iniWiaWiYe. डiV modeling VhoXld mainl\ emphaVi]e Whe KM pUoceVV 
peUVpecWiYe and iWV UelaWionVhipV ZiWh Whe peUVon, domain onWolog\, and BIM-KMS elemenWV. 
ConVeqXenWl\, Whe Vo-cUeaWed model can alVo aid Whe deWailed deVign, implemenWaWion, and 
managemenW of Whe deYeloped Wo be BIM-VXppoUWed V\VWemV and WoolV laWeU WhaW aUe encompaVVing Whe 
BIM-KMS.  
 Man\ WechniqXeV, meWhodV, and WoolV haYe been deYeloped Wo peUfoUm VXch a comple[ modeling 
WaVk (MaieU 2007). AccoUding Wo WUadiWional KM VWXdieV like (MaieU 2007), aV Zell aV BIM focXVed KM 
VWXdieV, like (ChaUleVUaj 2014), onWologieV aUe claVVicall\ XVed foU WhiV modeling pXUpoVe (ऎUVW SXUSRVH), 
UaWheU Whan modeling Whe domain knoZledge XndeU Whe pUodXcW peUVpecWiYe (VHFRQG SXUSRVH). 
AccoUdingl\, dXUing Whe deYelopmenW of a BIM-VXppoUWed OnWolog\-baVed KnoZledge ManagemenW 
S\VWem, onWologieV aUe noW onl\ XVed Wo UepUeVenW Whe domain knoZledge iWVelf in deWail bXW Wo VXppoUW 
Whe modeling of Whe Zhole KM iniWiaWiYe paUallell\.  

3.2.2 Knowledge Engineering Approach 
On Whe conWUaU\ of holiVWicall\ modeling Whe pUeYioXVl\ Vpeciৱed elemenWV in KM, WUadiWionall\, KE iV 
Waking a claVVical Wechnolog\-oUienWed appUoach, ZheUe Whe focXV poinW la\V on pUeciVel\ modeling Whe 
pUodXcW (L.H., GRPDLQ RQWRORJ\) and UelaWed ICT V\VWemV (L.H., BIM-VXSSRUWHG V\VWHPV DQG WRROV) (MaieU 
2007). AccoUdingl\, in Whe pUeVenWed papeU, Whe diVcipline of KE iV UeVponVible foU deYeloping Whe 
VWUXcWXUe of conWenW and Whe compXWaWional backgUoXnd of Whe BIM-KMS.  
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 AV iW can be Veen in FigXUe 2., WhiV deYelopmenW iV naYigaWed b\ Whe KE Life C\cle, Zhich pUoceVVeV 
can be aligned ZiWh Whe KM pUoceVVeV oUiginaWing fUom Whe KM Life C\cle (LieboZiW] 2001). FoU 
claUiৱcaWion, ZiWhin WhiV alignmenW, Whe KM pUoceVVeV aUe aiding Whe holiVWic deYelopmenW of Whe BIM-
KMS; meanZhile Whe KE pUoceVVeV aUe focXVing on Whe compXWaWional V\VWem deYelopmenW UXnning 
behind Whe BIM-KMS. डiV V\VWem iV a KnoZledge-based S\sWem (KBS), moUe Vpeciৱcall\, an 
OnWolog\-baVed E[peUW S\VWem in Whe conWe[W of BIM.  

  डiV W\pe of e[peUW V\VWem, aV iW can be Veen in (GUaVic and PodgoUelec 2011) and (LieboZiW] 2001), 
iV XVXall\ compoVed of a knoZledge baVe, an infeUence engine, and an e[planaWion faciliW\. EVpeciall\ 
in Whe conWe[W of BIM, WhiV knoZledge baVe, aV (Ding eW al. 2016) haV pUopoVed, VhoXld conViVW of a 
domain (H.J., FRQVWUXFWLRQ) onWolog\ WhaW can be linked WogeWheU ZiWh Whe BIM-Model. डiV domain 
onWolog\ iV eqXiYalenW Wo Whe domain onWolog\ naYigaWed b\ Whe KM appUoach. डiV connecWion coXld 
enable Whe knoZledge baVe Wo paUallell\ conWain, on Whe one hand, geneUal (H.J., FM) knoZledge VWoUed 
in Whe domain onWolog\, on Whe oWheU hand, bXilding pUojecW-Vpeciৱc knoZledge, UepUeVenWed b\ Whe 
BIM-Model. डiV linking coXld be Ueached b\ conYeUWing Whe BIM-Model, VWoUed in an IFC foUmaW, inWo 
an RDF foUm b\ an IFC-Wo-RDF conYeUWeU (BondXle eW al. 2018), (KU¦meU & BeVen\¸i 2018).  
 AV menWioned in Whe KM appUoach, Whe domain onWolog\ UeqXiUeV YeU\ deWailed modeling, Zhich 
occXUV b\ Whe meWhodV of OnWological EngineeUing, Zhich iV Whe pUedeceVVoU of KE. WiWhin WheVe 
e[iVWing meWhodV, like Uniৱed PUoceVV foU OnWolog\ BXilding (De Nicole eW al. 2005), geneUall\, WZo 
main paUWicipanWV aUe inYolYed, Whe domain e[peUW and Whe onWological (L.H., NQRZOHGJH) engineeU. डe 
domain e[peUW iV UeVponVible foU deliYeUing Whe conWenW of Whe onWolog\ XndeU Whe giYen Wheme, 
meanZhile, Whe onWological engineeU focXVeV on modeling Whe domain knoZledge logicall\. In WhiV 
VenVe, onWologieV aUe XVed Wo cUeaWe, VWUXcWXUe, oU oUgani]e libUaUieV oU UepoViWoUieV (VHFRQG SXUSRVH). 
Once Whe domain onWolog\ deYelopmenW iV Uead\, iW can be linked WogeWheU ZiWh Whe BIM-Model, WhXV 
collecWiYel\ implemenWed aV a knoZledge baVe in a KBS. 
 Once WhiV implemenWaWion iV eVWabliVhed, Whe knoZledge baVe can be XVed foU compXWaWional 
infeUence (WKLUG SXUSRVH) foU anal\]ing Whe inWeUnal VWUXcWXUeV of Whe implemenWed V\VWem in WheoUeWical 
and concepWXal WeUmV (MaieU 2007). ConVeqXenWl\, in WhiV VenVe, onWologieV ZoXld haYe a WhiUd Uole 
ZiWhin a BIM-KMS, ZheUe Whe neZl\ deUiYed facWV encoXnWeUed b\ Whe e[peUW V\VWem pUoYide neZ 
knoZledge aW Whe end.  

3.3 Adapting System Engineering Principles for Developing BIM-supported Ontology-based 
Knowledge Management Systems  
AV iW haV been pUeVenWed in Whe pUeYioXV VXb-chapWeUV, Whe main pUincipleV of KM and KE 
V\VWemaWicall\ can be aligned, on Whe one hand Yia Whe VimilaUiWieV of Whe KM and KE Life C\cle, on 
Whe oWheU hand Yia Whe main KM pUodXcW, namel\ Whe domain onWolog\. डe main aim of WhiV 
XniৱcaWion ZaV Wo pUofoXndl\ deYelop a BIM-VXppoUWed OnWolog\-baVed KnoZledge ManagemenW 
S\VWem. HoZeYeU, WheVe WZo diVciplineV UepUeVenW diৰeUenW YieZV and diৰeUenW leYelV of abVWUacWionV 
on Whe V\VWem deYelopmenW, ZheUe onWologieV aUe XVed noW onl\ in one bXW WhUee diৰeUenW aVpecWV. To 
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Figure 2. Knowledge Engineering Approach to Develop BIM-supported Ontology-based Knowledge Management 
Systems (Adapted from Liebowitz 2001, Grasic & Podgorelec 2011) 
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VolYe WhiV iVVXe, hence pUoYiding a V\VWemaWic oYeUYieZ foU Whe V\VWem deYelopmenW, Whe aXWhoUV 
belieYe WhaW Whe main pUincipleV of Whe SE diVcipline VhoXld be conVideUed. 
 SE iV an inWeUdiVciplinaU\ appUoach Wo enable Whe Ueali]aWion of VXcceVVfXl V\VWemV oU concepWV, 
ZheUe a p\Uamid of V\VWem hieUaUch\ iV XVed Wo decompoVe Whe deYelopmenW pUogUeVV inWo VXcceVViYe 
leYelV of deWailV (KoVVaikof eW al. 2020). FXUWheUmoUe, Whe XWili]aWion of onWologieV in SE pUojecWV iV noW 
neZ. FoU inVWance (ChoXUabi eW al. 2008) haV pUeVenWed a comple[ knoZledge modeling fUameZoUk foU 
SE pUojecWV, ZheUe onWologieV aUe XVed in a mXlWi-la\eUed peUVpecWiYe. ConVeqXenWl\, aV iW can be Veen 
in FigXUe 3., Whe p\Uamid of V\VWem hieUaUch\ can be XVed Wo pUoYide Whe baVe VWUXcWXUe foU Whe 
meWhodological fUameZoUk Wo deYelop a BIM-VXppoUWed OnWolog\-baVed KnoZledge ManagemenW 
S\VWem.  

 ConVideUing Whe ৱUVW leYel, an enWeUpUiVe can be an\Whing WhaW conViVWV of people, pUoceVVeV, 
Wechnolog\, and V\VWemV, ZheUe enWeUpUiVe SE UefeUV Wo appl\ing SE pUincipleV Wo engineeUing a V\VWem 
WhaW paUW of an enWeUpUiVe (KoVVaikof eW al. 2020). PaUallel, geneUal KMS XVXall\ geWV Whe adjecWiYe of 
enWeUpUiVe in WUadiWional KM appUoacheV Wo VWUeVV WhaW WheVe V\VWemV aऔempW Wo cUeaWe a plaWfoUm foU 
a bXVineVV oU oUgani]aWion (MaieU 2007). AccoUdingl\, a BIM-KMS in KM YieZ (SUHVHQWHG LQ SHFWLRQ 
3.2.1) coXld be Veen aV Whe enWeUpUiVe-leYel bXilding block in SE. डiV concepW iV enfoUced b\ (ChoXUabi 
eW al. 2008), aV Whe ৱUVW la\eU of Whe V\VWem deYelopmenW VhoXld be baVed on Whe main pUincipleV of KM, 
ZheUe Whe pUimaU\ aim iV Wo deVcUibe a VXpeU concepW. WiWh Whe help of a paUWicXlaU onWolog\, WhiV 
VXpeU concepW enableV commXnicaWion aboXW Whe WaUgeWed pUoceVVeV, WoolV, and pUodXcWV, e.g., foU 
e[ploUing domain knoZledge. डe aXWhoUV belieYe WhaW eVWabliVhing WhiV VXpeU concepW iV eqXiYalenW Wo 
modeling Whe KM iniWiaWiYe ZiWh Whe help of onWologieV. AccoUdingl\, WhiV onWolog\ aW Whe enWeUpUiVe 
leYel iV cUeaWed Wo UepUeVenW Whe oYeUall KM iniWiaWiYe (ऎUVW SXUSRVH); hence iW ZoXld be a Vo-called 
knoZledge-onWolog\ (LieboZiW] 2001), oU enWeUpUiVe-onWolog\ (Gµme]-P«Ue] eW al. 2004).  
 AV Whe decompoViWion of Whe pUeYioXV leYel iV geऔing moUe deWailed, in Whe WhiUd (V\VWHP) leYel, Whe 
deYelopmenW of Whe domain onWolog\ (VHFRQG SXUSRVH) and Whe KBS Vhall occXU. AccoUdingl\, a BIM-
KMS in Whe KE YieZ (SUHVHQWHG LQ SHFWLRQ 3.2.2) coXld be Veen aV Whe V\VWem-leYel bXilding block in SE. 
डiV concepW iV alVo VXppoUWed b\ (ChoXUabi eW al. 2008), aV in Whe mXlWi-la\eUed onWolog\-baVed 
knoZledge modeling fUameZoUk, a domain onWolog\ iV deYeloped accoUding Wo Whe diUecWionV of Whe 
enWeUpUiVe onWolog\ Wo Vpecif\ a concepW foU a Vpeciৱc engineeUing domain.  

ConVeqXenWl\, in Whe foXUWh leYel, Whe componenWV of Whe KBS (H.J., H[SODQDWLRQ IDFLOLW\, LQIHUHQFH 
HQJLQH, NQRZOHGJH EDVH) aUe cXVWomi]ed indiYidXall\. डiV Vhall alVo be Whe leYel ZheUe Whe Uead\ 
domain onWolog\ (VHFRQG SXUSRVH) iV implemenWed in Whe KBS aV a knoZledge baVe. MeanWime Whe 
connecWion beWZeen Whe domain onWolog\ and Whe onWologicall\ UepUeVenWed BIM-Model iV eVWabliVhed. 
Finall\, in Whe laVW leYel, Whe diৰeUenW paUWV of Whe indiYidXal KBS componenWV can be eVWabliVhed, ZheUe 
foU inVWance, Whe Vo-cUeaWed onWolog\ iV XVed foU compXWaWional infeUence pXUpoVeV.  

4 Validation  
AccoUding Wo Whe pUeVenWed meWhodological fUameZoUk, Whe VXcceVVfXl Ueali]aWion of an all-embUacing 
BIM-KMS Vhall be poVVible. NeYeUWheleVV, conVideUing Whe iniWial goal of WhiV papeU, WhiV meWhodolog\ 
ZaV pUimaUil\ eVWabliVhed Wo VolYe Whe cXUUenW KM pUoblem beWZeen Whe domain of FM and Whe bXilding 
deVign VecWion UegaUding eneUg\ e৳cienW bXilding opeUaWionV. 

KMS

Person

Figure 3. Methodological Framework to Develop BIM-supported Ontology-based Knowledge Management 
Systems 
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 ConVeqXenWl\, WhiV chapWeU aimV Wo appl\ Whe aboYe-pUeVenWed meWhodolog\ Wo Ueach WhiV oUiginal 
goal, meanWime Wo VeUYe aV a YalidaWion foU Whe meWhodolog\ iWVelf. डiV YalidaWion Vhall be VWaUWed ZiWh 
Whe Wop, enWeUpUiVe-leYel of Whe pUeVenWed SE-baVed fUameZoUk, and accoUdingl\, Whe deepeU leYelV 
(V\VWHP, FRPSRQHQWV, DQG SDUWV) coXld be fXUWheU deYeloped laWeU.  
 ReVpecWiYel\, aV Whe ৱUVW cUXcial VWep Wo Ueach Whe oUiginal goal, Whe enWeUpUiVe leYel of an OnWolog\-
baVed BIM-VXppoUWed FM KnoZledge ManagemenW S\VWem iV pUeVenWed. AccoUdingl\, Whe main focXV 
poinW of WhiV chapWeU iV Wo adjXVW Whe pUeVenWed KM iniWiaWiYe, Zhich can be Veen in FigXUe 1., Wo Whe 
conWe[W of Whe oUiginal FM-DeVigneU KM pUoblem, UegaUding eneUg\ e৳cienW bXilding opeUaWionV. डiV 
adjXVWmenW iV UepUeVenWed b\ modeling Whe main peUVpecWiYeV in KM in Whe foUm of a lighWZeighW 
onWolog\. AV Whe UeVXlW of WhiV modeling, an enWeUpUiVe onWolog\ iV eVWabliVhed WhaW can be XVed aV a 
VXpeU concepW Wo enable Whe commXnicaWion beWZeen hXmanV aboXW Whe WaUgeWed pUoceVVeV, pUodXcWV 
(L.H., FM GRPDLQ RQWRORJ\), and Whe UelaWed BIM-VXppoUWed V\VWemV (L.H., KBS) laWeU on.  

4.1 The Knowledge Management Instrument  
In Whe pUeVenWed papeU, Whe main goal of implemenWing KM iV Wo impUoYe Whe applicaWion of FM 
knoZledge ZiWhin eneUg\-e৳cienc\-UelaWed UenoYaWiYe deVign deciVionV, hence enhancing Whe 
peUfoUmance of Whe bXilding deVign. FM knoZledge can be inheUenWl\ diYided inWo WaciW and e[pliciW 
knoZledge, bXW aV FaciliW\ ManageUV poVVeVV a VigniৱcanW amoXnW of WaciW knoZledge (L¬ & BUºnn, 
2007), Whe cXUUenW UeVeaUch onl\ focXVeV on WhiV caWegoU\. AccoUdingl\, Whe KM iniWiaWiYe VhoXld focXV 
on hoZ Wo geW Whe coUUecW e[peUience-baVed FM UeqXiUemenWV Wo Whe UighW deVigneU people aW Whe UighW 
Wime Wo impUoYe Whe eneUg\-e৳cienc\-UelaWed bXilding deVign deciVionV.  
 डe KM VWUaWeg\ baVeV on a bUidging appUoach, ZheUe Wechnolog\, namel\ Whe BIM-KMS, VhoXld 
V\VWemaWicall\ aid Whe collecWion, oUgani]ed compilaWion, VWoUage and diVWUibXWion of FM UeqXiUemenWV. 
If WhiV diVWUibXWion pUoceVV iV VXcceVVfXl, Whe applicaWion of FM UeqXiUemenWV ZiWhin UenoYaWiYe deVign 
deciVionV can be enhanced. NeYeUWheleVV, onl\ WhoVe FM UeqXiUemenWV VhoXld be conVideUed ZiWhin 
Whe BIM-KMS, Zhich Vpeciall\ WaUgeW bXilding deVign-UelaWed deciVionV (VXEMHFW FRQWH[W), aৰecWing Whe 
opeUaWiYe bXilding eneUg\ conVXmpWion (WKHPH FRQWH[W). 
 To Ueach WhiV pUeVenWed goal, Whe moUe deWailed deVign of Whe KM pUoceVVeV mXVW be eVWabliVhed in 
UelaWion Wo Whe planned-Wo-be BIM-KMS, Whe diYeUVe UeVponVibiliWieV of Whe inYolYed peUVonV, and Whe 
deYeloped Wo be Whe pUodXcW, namel\ Whe FM domain onWolog\. 

4.2 Enterprise Ontology of a BIM-supported FM Knowledge Management System for Energy-
Efficient Building Operations  
AV VhoZn in FigXUe 4, Whe KM pUoceVVeV VWaUW ZiWh KnoZledge GeneUaWion, Zhich iV an inVWanWaneoXV 
hXman pUoceVV, aV in Whe mind of eYeU\ people, WaciW knoZledge iV geneUaWed b\ Whinking oU gaining 
e[peUienceV (BabX eW al. 2008). In Whe conWe[W of Whe pUeVenWed UeVeaUch, WhiV pUoceVV iV peUfoUmed b\ 
an FM peUVon, Zho iV UeVponVible foU geneUaWing eneUg\-e৳cienc\-UelaWed UeqXiUemenWV, WhaW mXVW be 
conVideUed dXUing Whe UenoYaWion pUocedXUe of a bXilding. डe aXWhoUV belieYe WhaW WhiV pUoceVV can 
be aided b\ a paUWicXlaU BIM-VXppoUWed V\VWem, compoVed of Whe BIM-Model of Whe bXilding, connecWed 
Wo Whe bXilding'V BXilding ManagemenW S\sWem (BMS) and CompXWer Aided FaciliW\ ManagemenW 
S\sWem (CAFM). B\ looking aW Whe FM XVeU inWeUface of WhiV compoViWion, FM peUVon coXld gUaphicall\ 
YiVXali]e, foU inVWance, Zhich UoomV haYe XnXVXall\ high eneUg\ conVXmpWion, oUiginaWing fUom Whe 
XVage of Whe aiU condiWioning V\VWem. AccoUdingl\, b\ e[peUience, Whe FM peUVon coXld Ueali]e WhaW Whe 
e[iVWing aiU condiWioning XniWV in Vpeciৱc UoomV aUe XndeUVi]ed, aV WheiU opeUaWion hoXUV aUe XnXVXall\ 
high, Zhile Whe Uoom WempeUaWXUeV do noW Ue৲ecW Whe WheUmoVWaW VeऔingV.  
 AV a Vecond VWep, KnoZledge CapWXUe UefeUV Wo a pUoceVV ZheUe WaciW knoZledge UeVideV ZiWhin 
people'V mindV, iV UeWUieYed, and conYeUWed inWo an e[pliciW foUm, VXch aV ZoUdV oU concepWV (BeceUUa-
FeUnande] & SabheUZal 2015). AccoUding Wo Whe aXWhoU'V opinion, in Whe pUeVenWed VWXd\, WhiV pUoceVV 
coXld be aided b\ Vpeciali]ing Whe FM XVeU inWeUface connecWed Wo Whe BIM-Model. डiV inWeUface VhoXld 
enable Whe FM peUVon Wo VelecW a Vpeciৱc bXilding objecW (H.J., DLU FRQGLWLRQLQJ XQLW), and UecoUd Whe 
dedXced UeqXiUemenW in Whe foUm of naWXUal langXage annoWaWionV. डiV capWXUing meWhod enableV Whe 
oUgani]aWion of FM WaciW UeqXiUemenWV Yia Vpeciৱc bXilding objecWV. InVpiUed b\ (MoWaZa eW al. 2014) 
and (FelWen eW al. 2009), Whe UecoUding pUocedXUe VhoXld be eVWabliVhed b\ Whe phaVeV of a cUiWical iVVXe 
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(H.J., XQGHUVL]HG DLU FRQGLWLRQLQJ XQLW), conVeqXence (H.J., KLJK HQHUJ\ FRQVXPSWLRQ), UeqXiUemenW (H.J., 
UHSODFH WR ODUJHU XQLW), and VpeciৱcaWion (H.J., GHWDLOHG VSHFLऎFDWLRQ DERXW WKH QHZ DLU FRQGLWLRQLQJ XQLW). 
AऑeU Whe capWXUing pUoceVV iV ৱniVhed, Whe knoZledge baVe (L.H., WKH GRPDLQ RQWRORJ\) behind Whe FM 
XVeU inWeUface connecWed Wo Whe BIM-Model, coXld be Veen aV an FM WaciW knoZledge VWoUage conWaining 
oUgani]ed bXilding-Vpeciৱc eneUg\-e৳cienc\-UelaWed UeqXiUemenWV WhaW aUe Uead\ Wo be diVWUibXWed. 
 In Whe folloZing VWep, diVWUibXWing Whe VWoUed knoZledge coXld be pUimaUil\ diVWingXiVhed b\ WZo 
caWegoUieV, KnoZledge Sharing (KS) and KnoZledge Transfer (KT), eYen WhoXgh WheVe WhUee WeUmV 
aUe fUeqXenWl\ XVed inWeUchangeabl\. In WhiV papeU, KS iV conVideUed aV a pUoceVV ZheUe Whe VWoUed 
knoZledge can be diVVeminaWed b\ Whe VendeU (NQRZOHGJH SXVK), and Whe Vo VhaUed knoZledge can be 
manXall\ VeaUched and UeWUieYed (NQRZOHGJH SXOO) b\ Whe UeceiYeU (JenVen eW al. 2018). MeanWime, KT 
coXld be Veen aV a pUoceVV ZheUe Whe VendeU iV ceUWain WhaW Whe UeceiYeU Zill inWeUpUeW Whe VWoUed 
knoZledge coUUecWl\ Zhile UeconVWUXcWing and XVing WhiV knoZledge in a Za\ WhaW Whe VendeU inWendV 
(MaieU 2007). डe aXWhoUV belieYe WhaW FM UeqXiUemenWV VhoXld go WhUoXgh eiWheU Whe pUoceVV of KS oU 
KT Wo enVXUe, one Za\ oU anoWheU, WheiU conVideUaWion ZiWhin UenoYaWiYe deVign deciVionV. 
 ConVideUing Whe pUoceVV of KS, Whe FM WaciW knoZledge VWoUage coXld be handed oYeU (L.H., 
GLVVHPLQDWHG) and connecWed Wo Whe deVigneU'V XVeU inWeUface, linked ZiWh Whe BIM-Model. AV Whe FM 
UeqXiUemenWV aUe V\VWemaWicall\ VWoUed b\ bXilding objecWV, Whe deVigneU peUVon coXld, alWhoXgh 
manXall\, VeaUch and UeWUieYe UecoUded FM UeqXiUemenWV Yia Whe deVigneU inWeUface (H.J., GHWDLOHG 
VSHFLऎFDWLRQ RI QHZ EXLOGLQJ XQLW), inclXding Whe UeaVoning behind Whem (H.J., XQGHUVL]HG DLU 
FRQGLWLRQLQJ XQLW). AV a UeVXlW of WhiV VeaUch, Whe deVigneU coXld V\VWemaWicall\ YiVXali]e Yia Whe BIM-
Model, Zhich bXilding objecWV VhoXld be Ueplaced oU UenoYaWed in Zhich manneU, and accoUdingl\ 
manXall\ appl\ (RU GHQ\) Whe FM knoZledge ZiWhin Whe deVign deciVionV.  
 On Whe conWUaU\ of KS, Whe pUoceVV of KT VhoXld be UeVponVible foU enVXUing Whe coUUecW 
inWeUpUeWaWion, UeconVWUXcWion, and XWili]aWion of Whe VWoUed knoZledge, in a Za\ WhaW Whe VendeU 
inWendV. डe aXWhoUV belieYe WhaW WhiV pUoceVV can onl\ be achieYed, if Whe FM UeqXiUemenWV aUe 
WUanVlaWed inWo compXWable UXleV, and Whe deৱned UXleV aUe YalidaWed ZiWhoXW hXman inWeUacWion. 
AccoUdingl\, Whe concepW of BIM-based Code Compliance Cheࠪing S\sWems (BCC s\sWem) coXld 

Figure 4. Enterprise Ontology of a BIM-supported Facility Management Knowledge Management System for 
Energy Efficient Building Operations 
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VXppoUW WhiV pUoceVV, aV iW coXld be UegaUded aV an elemenW of a KnoZledge (MDQDJHPHQW) S\VWem, 
Zhich iV UeVponVible foU Whe pUoceVVing of embedded knoZledge inWo compXWable VolXWionV foU 
aXWomaWic pUoceVVing (HjelVeWh 2016). डXV, b\ XVing a BCC V\VWem aV a KT Wool, Whe FM UeqXiUemenWV, 
VWoUed in Whe knoZledge baVe behind Whe FM inWeUface, coXld be WUanVlaWed inWo compXWable UXleV and 
aXWomaWicall\ checked againVW Whe BIM-Model. AV a UeVXlW of KT, Whe deVigneU ZiWhin Whe KnoZledge 
ApplicaWion pUocedXUe coXld inVWanWl\ Ueali]e Yia Whe deVigneU inWeUface Zhich bXilding objecWV (H.J., 
DLU FRQGLWLRQLQJ XQLW) aUe noW complianW againVW Whe pUe-deৱned FM UeqXiUemenWV (H.J., GHWDLOHG 
VSHFLऎFDWLRQ DERXW WKH QHZ DLU FRQGLWLRQLQJ XQLW). PaUallel, Whe deVigneU coXld alVo XndeUVWand Whe 
UeaVon behind Whe non-compliance (H.J., XQGHUVL]HG DLU FRQGLWLRQLQJ XQLW). AccoUdingl\, Whe deVigneU 
coXld change Whe deVign in accoUdance ZiWh Whe FM UeqXiUemenW.  
 LaVWl\, Zhen Whe KnoZledge ApplicaWion iV ৱniVhed, and fXUWheU deVign changeV haYe occXUUed, 
Whe deVigneU coXld hand oYeU Whe BIM-Model foU fXUWheU FM KnoZledge GeneUaWion pXUpoVeV, WhXV 
UeVWaUWing Whe KM Life C\cle. 
 In conclXVion, baVed on Whe ৱUVW leYel of Whe meWhodological fUameZoUk (SUHVHQWHG LQ SHFWLRQ 3.3), 
an enWeUpUiVe onWolog\ can be deYeloped WhaW aidV Whe naYigaWion of a BIM-KMS in Whe conWe[W of Whe 
iniWial FM-DeVigneU pUoblem. 

5 Conclusion 
डe UenoYaWion of e[iVWing bXildingV haV a high poWenWial Wo Ueach VigniৱcanW eneUg\ VaYingV, 
hoZeYeU, Zhen bXildingV aUe Ue-deVigned, XVXall\ Whe conVideUaWion of FM UeqXiUemenWV iV oऑen 
ignoUed. डe XWili]aWion of a BIM-VXppoUWed FaciliW\ ManagemenW KnoZledge ManagemenW 
S\VWem haV high poWenWial Wo VolYe WhiV long-e[iVWing iVVXe, neYeUWheleVV, Whe deYelopmenW of VXch 
a V\VWem iV VWill XnclaUiৱed Woda\. AccoUdingl\, Whe main aim of Whe pUeVenWed papeU ZaV Wo eVWabliVh 
a meWhodological fUameZoUk b\ Zhich Whe pUofoXnd eVWabliVhmenW of VXch a V\VWem iV made poVVible.  
 डiV fUameZoUk iV combining KnoZledge ManagemenW, KnoZledge EngineeUing, and S\VWem 
EngineeUing pUincipleV Wo deYelop aW ৱUVW hand a geneUal BIM-VXppoUWed OnWolog\-baVed KnoZledge 
ManagemenW S\VWem. डiV V\VWem iV XWili]ing onWologieV in noW one bXW WhUee diৰeUenW Za\V. AccoUding 
Wo Whe fUameZoUk, ৱUVWl\, an enWeUpUiVe onWolog\ mXVW be eVWabliVhed WhaW pUoYideV a commXnicaWion 
baVe foU hXmanV aboXW Whe deYeloped pUoceVVeV, domain onWolog\, and UelaWed BIM-VXppoUWed V\VWemV. 
डiV enWeUpUiVe onWolog\ foUmV Whe backbone of Whe V\VWem deYelopmenW. Secondl\, a domain onWolog\ 
mXVW be deVigned, WhaW pUoYideV Whe coUe fXncWionaliW\ of Whe V\VWem, b\ VWUXcWXUing and oUgani]ing 
libUaUieV, WhXV foUming a paUW of Whe knoZledge baVe in Whe V\VWem. LaVWl\, WhiV domain onWolog\-baVed 
knoZledge baVe can be XVed foU compXWaWional infeUence pXUpoVeV, e.g., Wo check if FM UeqXiUemenWV 
UegaUding eneUg\-e৳cienc\ aUe complianW againVW a giYen bXilding deVign oU noW.  
 AV a paUWial YalidaWion of WhiV fUameZoUk, Whe ৱUVW V\VWem leYel iV adjXVWed Wo Whe iniWial FM-
DeVigneU pUoblem, WhXV cUeaWing an enWeUpUiVe onWolog\. One of Whe coUe pUoceVVeV of Whe enWeUpUiVe 
onWolog\ focXVeV on Whe knoZledge diVWUibXWion WaVk, ZheUe BIM-baVed Code Compliance Checking 
S\VWemV aUe XVed Wo enVXUe Whe coUUecW inWeUpUeWaWion and YalidaWion of FM UeqXiUemenWV ZiWhin 
UenoYaWiYe deVign deciVionV. ConVeqXenWl\, Whe pUeVenWed papeU can be conVideUed aV a gUoXndZoUk 
Wo pUoYide an e[panded XndeUVWanding of BIM-baVed Code Compliance Checking S\VWemV aV 
knoZledge WUanVfeU WoolV in Whe YieZ of KnoZledge ManagemenW S\VWemV.  
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