BnoKYelH 1 ynpaBneHue cTpoutenbHoii HPopmauueii (BIM) gna ycroilumBoro pasButusa 3paHuii B
KOHTEKCTE YMHbIX rOpoA0B

<@ sustainability

Zhen Liu, Ziyuan Chi , Mohamed Osmani, Peter Demian

Blockchain and Building Information Management (BIM) for Sustainable Building Development within
the Context of Smart Cities

Sustainability 2021, 13(4), 2090; https://doi.org/10.3390/s5u13042090
https://www.mdpi.com/2071-1050/13/4/2090/htm

(3Ta cTaTba OTHOCUTCA K cneyunanbHbiMm 0630pam U NepcnekTMBam YMHbIX U YCTOAUMBbLIX Meranosiucos
W PerMoHabHbIX rOpoaoB)

CurHanbHbIN nepesog 2021 r. KynpuaHosckuii B.MM. v.kupriyanovsky @rut.digital

A6CTpaKT

«YMHble ropoga» - 3TO ropoa, HOBOro TMNa, B KOTOPOM 3auHTEPEeCOBaHHbIe CTOPOHbI COBMECTHO HecyT
OTBETCTBEHHOCTb 3a ynpaB/sieHue ropoackum xossaiicteom. City Information Management (CIM) - ato
BbIXOAHOW MHCTPYMEHT ANA YMHOIO rOpoOACKOro NAaHUPOBaHUA U yNpaB/ieHUs, KOTOPbIA NOMOraeT B
BAOCTUXKEHUMU YCTOUMBOro PasBUTUA FOPOACKOI MHPPACTPYKTYpPbl U NPOABUraeT YMHbIe ropoaa AnA
OOCTUXKEHUA Uuenei yCToMuumBOoro rn06anbHOro 3KOHOMMYECKOro pPasBUTUA, YCTOMUYUBOrO
3KONIOTMYECKOro pPasBUTUA M YAYYLIEHUA YU3HU JloAeid. KauvecTBO XKM3HU. CywecTeBylowme
uccnegoBaHUA MOKa YCTaHOBWUAM, UTO 6/10KueiiH u BIM obnapgaioT 6onbwimm noteHumanom gns
NoBbILEeHUA NPOU3BOAUTENBLHOCTU CTPOUTENbHDBIX NPOEKToB. Tem He meHee, Mano Uccaeao0BaHU O
TOM, KaK 6a0KuyeiiH n BIM moryT noagepXusatb yCTOUMBOE MPOEKTUPOBAHUE U CTPOUTENLCTBO
3aaHuii. Takum ob6bpasom, Uenb JAHHOW CTaTbU - U3YUUTb NOTEHLMANIbHOE BAUAHME MHTerpauum
6nokueiiHa 1 BIM B cpegy yMHOro ropoa Ha NoBbllleHUe YCTOMUYNBOCTUN 3aaHNi B KOHTeKcTe CIM /
Smart Cities. B poKymeHTe uccneayloTcA B3aumMocBA3M mexay 6aoKueitHom, BIM u ycToifumBbim
CTPOUTENbCTBOM HA BCeX 3TanaxX XU3HEHHOro UMWK/AA CTPOUTENbHOrO MNPOEKTa. ITOT AO0KYMEHT
3anpawmBaetr 6a3y paHHbix Web of Science (WoS) ¢ KaloueBbimM cnoBamu gaa MNoJyyeHUA
cooTBeTCTBylOWEN nybauKauum, a 3arem wucnosabdyetT VOSviewer ana BU3yanbHOro aHanusa
B3aMmocBa3seii mexKay 610k4yeitHom, BIM 1 ycToMUMBbIM CTPOMTENBCTBOM B KOHTEKCTE YMHbIX FOpo40B
n CIM, 4TOo BbINONHAETCA C NOMOLLbIO B6MEAMOMETPUYECKUX AaHHbIX. aHAa/U3 C NOCAeAyoWUMm
aHaIM30M MUKpoOcXxembl. Pe3ynbTaTbhl 4EMOHCTPUPYIOT LLEHHOCTb 3TOr0 METOAa B OLleHKe Ba*KHOCTU
3TUX Tpex Tem, NOAYEpPKUBAA MUX B3aMMOCBA3Sb U BbIABAAA TEHAEHUMW, [aBas UCCNepoBaTeNam
06beKTMBHOE HanpaB/ieHue UccnesoBaHUA. ITU acneKTbl, U3NO0XKEHHblIe B AOKYMEHTe, NpeacTaBaaIoT
co60i1 opurnHanbHbIii BKNag,
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1. BBegeHune

TepmuH «ymHble ropoga» snepseble noasunca B 1990-x rogax [1]. C Tex nop NOABUNOCb HECKO/IbKO
onpeaeneHunii ymHbIX ropogos. B pa3Hble neproabl pa3paboTku pasHbie 3aMHTEPeCOBaHHbIe CTOPOHbI
6yayT AaBaTb pasHble onpeaeneHua. OaHO us 6oee WUPOKO UCNO/b3yeMbiX OnpeaeneHnii OoTHOCUTCA
K LWeCTU U3MEepPeHUAM, a MMEHHO: YMHble NoAU, YMHAs 3KOHOMMKa, YMHOe ynpaBaeHue, YMHas
MO6UNBbHOCTb, YMHAsA }XU3Hb U YMHasA cpeaa - ANA U3MepeHUs pa3BUTUA YyMHbIX ropoaos [2]. FTopoaa
MOTYT BHOCUTb p[aJjibHellune KOPPEKTUPOBKM WU Y/yuylleHUA B COOTBETCTBUM C COBCTBEHHbIMU
dakTMueckumn ycnosuaMM pasBuTMA U GOPMUPOBATb CBOM COBCTBEHHbIE XapaKTepHble NyTH
pa3BuTuA. bpuTaHcKnii MHCTUTYT ctaHpapTtos (BSI) [3] onpeaenset ymHblii ropoa Kak «3¢pdeKTUBHyo
uHTerpaumio ¢usnMyecknx, UUPpPOBbLIX U UYeNOBEYECKMX CUCTEM B WUCKYCCTBEHHYH cpegy AnA
obecneyeHUn yCTOMYMBOro, NPOLBETAIOLWEr0O U MHK/IO3MBHOIO BGyAyLuero Ans ero rpaxkaaH».

Pa3BuTME YMHbIX ropogos 6epeT «OPUEHTUPOBAHHOCTb HA FPaXKAaH U NOBbILIEHUE KAuecTBa XKU3HU
uteneit» [4] B KauectBe ¢yHAAMeHTaNbHOM UennM U obecneunMBaeT AOCTUXKEHUE Tpuagbl
3KOHOMMYECKOr0o, COLMaNbHOrO U 3KONIOrMUYECKOro PasBUTUMA B A0/IrOCPOYHOM pa3BuTuu. Hosble
TEeXHOJIOrMU, KaK MHCTPYMEHT ropoACKOro PasBuUTUA, NOCTOAHHO COBMPAIOT AaHHbIE U 3HAHUA NO BCEMY
MUpY, NPOU3BOAAT KaueCTBeHHble U3MEHEHUA B 3HAUUTEeNbHbIX 06bemax AaHHbIX U cnocobcTeylOT
WHHOBaUMAM U usmeHeHuam [5]. Desouza et al. [6] BbIAENAIOT TPU NYTU K Pa3BUTUIO YMHbIX FOPOA0B: C
HynA, KBapTanbl u nnatpopmbl. Tem He MeHee, NOMTUKU ACHO AAIOT MOHATb, UTO HEe TEXHOJ/I0rUM
ABNAIOTCA A4POM pa3paboTKM NOAUTUKMU U FOPOACKOro pa3BuTua, a 3a6otou o rpaxkgaHax. Ctpaterus
YMHOro ropoga NpPUBHOCUT B PErMoH WHHOBALWOHHbIE U3MEHEHUA, KOTopble NMOMOralT PeruoHy
YAYYWUTb €ro MMUAXK WM CTaTyc, cnocob6cTBOBaTb MPOMbBILIZIGHHOMY pPa3BUTUIO, MpUBAEUYb
BbICOKOKBaIMPULMPOBaAHHbIE TaNaHTbl U BHECTU CBOW BKAag B GOpMUPOBAHME MOJENN YMHOrO
ropoga, KoTopaa CPOYHO HeobxoauMmMA ANA YCTOWUMBBIX MOCENEHUN B KAMMATUUYECKUX YC/IOBUAX.
aBapuiiHaa cutyauma [7]. «YMHble» ycToiiumBble ropoaa B HacTosllee Bpema ABAAIOTCA OCHOBHbIM
cnocobom pasBUTUA, NPUHATLIM ropogamMu Mo BCemy MUPY, NOTOMY YTO 3TOT PEXKUM MOMKET Nydlle
BCero pearupoBaTb Ha M3MEHEHUA OKpyXKawuweil cpegbl, obecneunmBaTb UMCTOTY U UYECTHOCTb
npaBuUTeNbCTBa, BHEAPATb MHHOBaUUM B rN106anbHYI0 CeTEeBYIO 3KOHOMMUKY M yaydliaTb KauyecTBo
»Ku3Hu [8] .

fopoackoe pa3BuTMe npeTepneno MHOFO3TaNHyK 3BOAOLUIO, CTONKHYBWKUCL C npobaemamm
COXPaHEeHUA U YHUUTOXKEeHUSA, BO3POXKAEHMNA U YNAaAKa, A TaK}Ke 3BO/TIOLMU U BO3POXKAEHMA MHOXKECTBa
oTpacniei, TaKUX Kak ceNbCKoe XO3AWCTBO U NPOMbILWIEHHOCTb [9]. 9TM nameHeHua chopmuposanm
CEeroAHALWHIO TOPOACKYl cTpateruto. Kaxkpoe obHOoBneHue ropoga - 3To npouecc MTepaTUBHOM
onTMMM3aLMKU ropoga. 3anagHble ropoaa nperepnenu nNATb NpeobpasoBaHMit: OT PEKOHCTPYKUUMU
ropogos B 1950-x rogax, Bo3poxaeHua ropogos B 1960-x, o6HoBNAeHUA ropogoB B 1970-x rogax,
ropoackoro passutua B 1980-x rogax oo Bo3poxxaeHusa ropogos B 1990-x rogax. Pe¢popma ropoga
yAy4llaeT NO/NTUKY B COOTBETCTBMU C peasibHbIMU 3a4a4aMu Pa3BUTUA U BO3MOXKHOCTAMM Fopoaa,
YTobbl OCYLLECTBAATL CMCTEMATUYECKYIO peanusauumio U ynpassieHue ropogom U B TO e Bpems
YyNyullaTb KauecTBo 13Hu ropoga [5].

Ecnm B3ATb B KauecTse npumepa npeobpasoBaHue «yMHbIX» ropoaos bapcenoHsbl B paitoHe MobneHoy,
ero pasBUTME COCPeAOTOYEHO Ha couManbHoi uHTerpauum [10]. B pgonrocpouHoii nepcnektuse
pa3sBuTMe obLiero HanpasneHUA ABAAETCA NEePCNeKTUBHbIM U ycToWuMBbIM. HannMume HayKoOemKoro
ropoga MoXeT NPUHECTU emy cnegyiow e npeMmyLLecTea:

MPUTOK TaNaHTOB, OCHOBAHHbIX HA 3HAHUAX, NPUAAET 06LLECTBY MOLLHbIN MHHOBALMOHHDI UMMYJIbC U
BAaeT BO3MOXXHOCTb peluaTtb npobaembl ropoackoro passurtua [11];

CopeiicTBOBaTb CO34aHUIO0 MHPPACTPYKTYPbI U 0becneyeHnto 6€30NacHOCTM XKU3HU, TAaKOM KaK 6usHec-
cpeaa, KynbTypHble U pa3BieKaTe/ibHble 06beKTbl, MegUUUHCKoe 06pa3oBaHue, KUAbe U TPAHCNOPT
[12];



CoaeicTBOBaTb UHBECTULUAM B HeABUXMMOCTb, HanpuMep, B LLEHTPbl TalaHTOB, AeN0Bble paiioHbl U
WKO/IbHbIE OKPYra; U B rOCyAapCTBEHHbIX CEKTOPaX, TaKUX KaK TPAaHCNOPT, YHUBEPCUTETDI, KY/IbTYpHbIE
06beKTbl U Typusm [13];

CopaeicTBOBaTb YCTAHOB/IEHUIO OTHOLLUEHUIA B3aMMONOMOLLM MeXAY YHUBEPCUTETCKUM 06pa3oBaHuem
M KOMNAHUAMMU, YTO6bl YHUBEPCUTET MOT NONYYMTb NPAKTUUECKUIA ONbIT paboTbl, a KOMNAHUA - 3HAHUA
" HaBsbiku [14];

Mpoasuratb rpakAaH K yuyactuio B 06cyXaeHMAX ropoacKoro passuMTna nocpeactsom auanora [15];

Kak «MArkuit aktue» 3HaHMa moryT 3¢ peKTUBHO CO34aBaTb LEeHHOCTb ANA ropoaos u obecneunsatb
6onee nogxoanawme peweHUa oA ynpasaeHUA ropoackum xosaiictsom [16].

Mpumep «ymHbIX» ropoaos bapcenoHbl B paiioHe Mo6aeHOy NOKa3bIBaET, YTO A41A CO34aHUA KYMHOro
ropoga 3HaHUiN» TpebyeTca nopaeprKKa BCeX 3aMHTEPEeCcOBaHHbIX CTOPOH, aHA/M3UPYETCA TeKyluan
cuTyauua u paspabaTtbiBaloTca cTpaTermueckue nnaHbl. PopmynupoBKa nnaHa Tpebyer cos3paHus
CTPYKTYpbl yNpaB/ieHUA 3HAHUAMM, OCHOBAHHOI Ha Pa3/IUHbIX XapPaKTePUCTUKAX, BOSMOXKHOCTAX U
orpaHuyeHmax ropoaa. fopoga MoryT yuuTbCA 3HaHMAM WU ONbITy ApYr y Apyra; pa3pabaTtbiBaTb
WHHOBALMOHHDbIE peLleHUA U YCTOMUUBbIE CTPaTernmu; U passBmuBaTb 3e/1eHble, OTKPbITbIE, UHKNIO3UBHbIE
1 ycToiiumBble ropoaa [17].

YCTOMUNBOCTb - BayKHas onopa AAA pPa3sBUTUMA YMHbIX ropoaos [18]. YMHble ycTpoiicTBa U yMHble
CepPBUCbI CTA/IN YaCTblO YMHbIX ropoaos [19], a npunoxeHue City Information Management (CIM) ca n
npeanoXKutb naeu ans apdeKTMBHOro pewweHus npobaem B ropoackom ctpoutennbcrtse [20]. CIM - ato
He TONbKO UHHOBALMOHHOE U KOMMJIEKCHOE CTPOUTENbCTBO HOBOW MHGPACTPYKTYpPbl, HO U CPeacTBO
peanusaumm HoBo MHPPACTPYKTYpPbI 601bLLUNX AAHHBIX, KOTOPAs UrPAET BEAYLLYIO POJb B peanusaumum
yCcKopeHua uudppoBOA U WUHTENNEKTyaNbHOU TpaHcoOpmauMM TOpPOACKUX OTpacneid, nomoras
dopmrpoBaHUIO HOBbLIX 3KOHOMMUYECKME U TexHonormdeckue ¢opmbl, a TaKKe B peanusauuu
ropoacKkoil MWHAYCTPUanuMsauuuM U UHAYycTpuanbHo yp6anusaumm [21]. Building Information
Management (BIM) - KnoueBoe HanpaBsieHUe ynpasieHUA UHOPMaLMUel B CTPOUTE/IbHOW OTpacam
6yaywero [22]. Ero o6beguHeHHasa nnatpopma ¢ TUC, MHCTPyMEHTamMM aHa/M3a JAaHHbIX,
MHCTPYMEHTaMM BU3yaZiM3aLMU U MHCTPYMEHTAMM NapaMeTPUYECcKOoro NpPoeKTMPOBaHUA COCTaBaAeT
CIM [23], KoTopasa o6ecneunBaeT MOLLHYIO NOAAEPIKKY ANA BCECTOPOHHEro ynpaBJeHUs ropogamu.
Kak yacTb yMHOro ropoga, ymHble 34aH1A TaKXe A0/MKHbl obecneymsaTb ycToiiuMeoe pasBuTUE HA
NPOTAXKEHUN BCETrO YKM3HEHHOro LUMKAa. Ytobbl caenatb obwectso 6onee ycToitumMBbiM, NOABUIUCD
pPa3IMyHble KOHLENLUK «3e/1eHOro», «3aLMUTbl OKPYKaloLWei cpeabl» U KYCTOMYUBOrO Pa3BUTUAY, HO
CyLLecTBYeT pa3pbiB MeXAy KOHUenuuein U peanbHoli aeATenbHocTbio [24]. Peanusaumsa ycroiumeoro
pa3BUTUA TpebyeT TeXHUYECKOW NoaAep’KKU, OAHAKO CTpOUTe/IbHAA OTpac/b BCerga oTcrtaBasa oT
APYrux CEKTOPOB B UCNO/Ib30BaHWUU LUPPOBbIX UHGOPMALMOHHBIX TEXHONOrUi [25,26].

Bce 6onblie pabot 6b110 ony6ankosaHo no BIM. Bonee Toro, BIM BbinonHseT pasHble pyHKUUMU anA
pa3HbiX 3aMHTEpPecoBaHHbIX CTOPOH. OAHAKO M3-3a OrpaHMYEHHOr0 MNOHMMaHWUA TEeXHONOIUU
NPAKTUKAMM U CYLLLECTBYIOLLMX NPenATCTBUI KntoueBble GpyHKLUUK BIM He moryT 6biTb 3a4eiiCTBOBaHDI,
u Becb noteHuuan BIM ewe He peanusoBaH [27,28]. PYHKUMOHANbHOW COBMECTUMOCTU TaKXKe
npenaTcTBYeT AeLeHTPaNM30BaHHOe COTPYAHUUYECTBO B CTPOUTE/IbHOM OTPac/n. 3Ta HENpPO3pPaYHOCTb
M HeAoCTaTOK KOMMYHMKauMM He MOFyT JAaTb MOJIOKUTE/IbHYI0 O06paTHylo CcBA3b Bcem
3auHTepecoBaHHbIM cTOpoHam [19,29]. 3To npuBeaeT K paspo3HEeHHbIM KOMaHAamM C pasHbiMU
npuopuTeTamu, 4To He cnocobcTByeT obLemy nporpeccy npoekKra [25].

BnoKueiiH - 3To 3alwmndppoBaHHaA TEXHOOrUA pacnpeaeneHHoro yyeTta, a TakXxe geueHTpaansosaHHasn
6a3a gaHHbIX, KOTOPasA MOXeT pewwunTb Npobnembl B3aumopgeictena 6apbepos / npobaem, ¢ KOTOpbIMK
CTafIKMBaeTCcA yMHbIN ropopg [26,30]. BnoKuyeilH moKeT 6e30MacHO U Nerko XpaHUTb AaHHble ANA
3anpocoB B LenoyKe, obecneuMsBas NOALEPXKY ANUTENBHOrO LMKAA MNOCTPOEHUA U COKpawias



HEHYXHYI0 paboTy. OrpaHMYEHHble, HO NMOCTOAHHO PacTyLWMe UCCNeAO0BAHUA U3YHAIN UHTErpauuto
6n0okueiiHa 1 BIM B ctpoutenbHblie npoekTtbl [31,32,33]. 3T uccnepoBaHuA, 0g4HAKO, COCPeAOTOUYEHDI
Ha NPUAOXKEeHUAX B PUHAHCOBDLIX acneKTax CTpouTenbCTBa (6e30nacHOCTb naTexkel, KOMMNIeKCcHan
peanusauma npoekrta) u 6esonacHoctn. MeHsec [27] aanee noguepKuBaeT BaXKHOCTb 6/10KYeiiHa B
CTPOUTENIbHOW OTPAC/IN U ONUCbIBAET ero NoTeHuMaAbHOe NPUMEHEHME B YNpaBAeHUUN NAATeXamu n
npoeKTamu, B ynpaBJeHUN 3aKyNKamu U LenoyKamm nocTaBokK, a TakKe B BIM 1 uHtennektyasbHom
ynpaBaeHun akTuBamu. ECTb HECKO/IbKO CBA3aHHbIX UCCNEA0BaHUNA TOro, KaK 610Kk4eitH u BIM BausaoT
Ha pa3BUTME BCEro LUMKNAA YCTOMUYMBOrO CTPOUTENbCTBA ANA YMHbIX ropoAoB, U HeAO0CTaTOYHO
uccnep0BaHU NO U3YYEHUIO B3aMMOCBA3U meKay BIM, 610K4eiHOM U YyCTOMYMBbBIM CTPOUTENILCTBOM.
Kpome Toro, noteHuuanbHble npeMmyliecTBa MHTerpauum 6aokyeiiHa u BIM He 6bian NonAHOCTbIO
peanu3oBaHbl B CTpouTenbHoW otpacau. CnepoBaTenbHO, B 3TOM CTaTbe MUcCaepyeTcA MHTerpauums
6noKkueiiHa u BIM gna noaaepKku meToa,0B YCTOMUMBOTO CTPOUTENIbCTBA B YMHbIX FOpoAax.

2. Metogonorus

MpuHatas metogonorua 3anpawmnsaeTt B 6ase aaHHbIX Web of Science (WoS) knioueBble cnosa gns
nosy4YeHUA COOTBETCTBYIOW el NybanKaumm, a 3atem ucnonb3yet VOSviewer gna BU3yanbHOro aHanumsa
B3aMmocBaseil mexKpy 6noKueiiHom, BIM M ycTOMUMBBLIM CTPOUTENILCTBOM B KOHTEKCTE YMHbIX
ropoAoB, 4YTO MPOBOAUTCA C NOMOLLbIO 6MbAMOMeETpUYECKOro aHanusa. aHa/M30M MMKPOCXeM.
Bbubanometrpuyeckuini aHanaus ucnonb3yerca uyepes VOSviewer ans nposBegeHUs MaKpoaHanusa
obnactn uccneposaHus, KOTopblii reHepupyeT 60bliMe KapTUHbI HanpaBAeHHOCTU UCCIeA0BaHUIA U
TeHAeHuMit B 3TOM 0bnacTtu. VOSviewer umeeTt pyHKL UM BU3yanu3aL UMM KAKOUEBbIX C/I0OB, COABTOPOB U
yutat. OH MOXKeT BU3yasibHO OTOBparkaTb ropAumne TOUKU M TEHOEHLMN UCCIeA0BaHUI U3 roaa B roa;
M NpeAcCTaBUTb MX aKTya/lbHOCTb MM 4ACcTOTy uyepe3 M3MeHeHMe LBeTa U pacctosHue. AHanus
MMKPOCXeM CYMMMUPYET pa3BUTUE YCTOMUMBOrO YU3HEHHOrO LMK/AA 343aHUMI B YMHbIX ropogax u
npumeHeHue 6n0KuyeitHa n BIM, KoTopbiilt npegcraBnsaeT Tpyu ¢asbl XKU3HEHHOro LMUKAA 34aHMA, a
MMEHHO, NPOEKTUPOBAHUE, CTPOUTENLCTBO U IKCN/IlyaTauuio, ANA NPOBEPKU U YTOUHEHUA KOHTEHTA,
nosy4yeHHoOro B 6ubanomerpuyeckuin aHanms.

WoS BbibpaH B KauecTBe UCTOYHMKA 6a3bl JaHHDbIX, KOTOPAA ABAAETCA BCEMUPHO NPU3HaHHOW 6a3o0ii
AAHHDbIX, OTpaXKatoLeii ypoBeHb Hay4YHbIX UccnepoBaHUin. OH OXBaTbiBaeT LUMPOKUIA CNEKTP KYPHANOB,
NPU3HAHHbIX aBTOpUTETHbIMU. OCHOBHas KonneKkuma WoS BbibpaHa AN1A NOMCKa NO KAlOYeBbIM C10Bam
ANA KOMMAEKCHOro noucka nybnaukaumMii Ha ocHoBe «Tem». B obnactu ymHbIX ropogos npu
O0AHOBPEMEHHOM NOUCKE KAOUEBbIX C/10B, CBA3aHHbIX C YCTOMUYUBLIM CTPOUTENLCTBOM M 610OKUYEAHOM,
eCTb HEeCKO/IbKO CTaTel, KoTopble COOTBEeTCTBYHOT BCeM KiatoueBbim cnoBam. KnioueBble cnoBa
BKAOYAT «UHPOpPMAUMOHHOE MOAeNupPOBaHME 3AaHMI», «YCTouMBOE  CTPOUTE/NIbCTBOY,
«YcToiluMBOEe NPOEKTUPOBAHME 3[aHUI», «YCTOMUUBOE CTPOUTENLCTBO 3AaHUA», «YcToWuuBoe
¢yHKUMOHUpOBaHUe 3aaHuI» KU  «bnokuetH». Takmum o6pasom, couyeTaHune «uaum» byger
MCNONb30BaTbCA MO6KO, uTOObl HANTU CBA3b MeXAYy MNPOEeKTUPOBAHUEM, CTPOUTE/IbCTBOM,
aKkcnayatauuei, 6J1o0KUeMiHOM, YCTOMUMBBIM CTpOUTENbCTBOM U BIM. BnokueiiH - 3TO cOBpeMEeHHbI
noaxoga, K BIM u ycroitunBomy passutuio 3gaH1Uin, NO3TOMY B L aHHOM UCCeA0BaHUM pacCMaTPUBALOTCA
cTaTbyu, ony61mMKoBaHHble B nepuog, ¢ 2011 no 2020 roabl.

VOSviewer wucnonb3oBanca pna 6bubanomeTtpuueckoro aHanusa. B HemHOrMx wuccnepoBaHUAX
MCNONbL3YIOTCA MeTOoAbl BU3yanu3auuM KAUYEBbIX CAOB cpeau UCCNeAoBaHUM, ONUCaHHbIX B
CyLLEeCTBYIOWMX Ny6AMKaumuAaX, B 60/bLUMHCTBE U3 KOTOPbIX MCMO/Nb3YIOTCA NOrMYecKue Auarpammbl
[34,35,36], guarpammbl cueH [37,38,39,40], aopoxHble KapTtbl [41,42,43] n anarpammbl cTpaTeruu
[44,45,46]. VOSviewer ucnonb3oBanca ana ob63opa HoBelwmnx texHonoruii BIM-nogaepxusaembix
CTPOUTENbHBbIX XapaKTepucTuK [47], u B TO Xe BpemsA vosviewer UCMNONb3yeTcA B KauyecTse
HayKOMETPUUYECKOr0 aHanM3a B HayuHbIX MCCNeA0BaHUAX YCTOWUMBBLIX FOPOACKUX M CENbCKUX
TeppuTopuii [48] U KapTMpPOBaHMU ABYX AECATUNETUA UCCnefoBaHUE aBTOHOMHbIX TPAHCMOPTHbIX
cpeacts [49]. OgHaKo B OCTaibHOM Mano UccnepoBaHUi C UCMONb30BaHMEM aHanM3a COBMECTHOM



BCTPEYaemMocCTu Kawuesbix ¢108 B BIM. Takue meroabl Ucnosib3oBanAncb B NaTeHTHOM aHanuse [50],
6a3ax paHHbIX [51], caifiTax couuanbHbix cetei [52], a TaKXe NpuM 3aNnUCU U NPOrHO3UPOBAHUM
M3MEHeHU1 CcybbeKToB B 6MONIOTMYECKUMX M  MEAULMHCKUX KomnbioTepax [53]. Pesynbratbl
uccnepo0BaHUA KAKOYEBbIX CNAOB AEMOHCTPUPYIOT 3G PEeKTUBHOCTL U HAAEeXKHOCTb NMOUCKA, Bblbopa M
06paboTKkn Knrouesbix cnos [51,54]. Mo3aTtomy B 3TOM AOKYMeEHTe AeflaeTcsa MOoMnbiTKa UCNO/b30BaTb
VOSviewer gna BM3yaansauumn KAKYEBbIX C/10B, YTO6bl pacKpbiTb B3aMMOCBA3b MeXAay 610KUYeitHOM,
BIM, ycToitunmsbim pasBuTMemM 30aHUIN U YMHbBIMU FOpPOAaMM.

B VOSviewer 4acTOTHbI pa3pbiB MeXAy Leno4vkoii 610K0B 1 Apyrumu KaroueBbIMU CZI0BAMU C/IULLIKOM
Be/IMK, u4TO6bl OTO6pa)kaTbci B OAHOM nNpeAacTaB/leHUM ofHoBpemeHHo. CnepoBaTesibHO, B
[ononHeHue K 6/10KuYeiiHy BU3yanusUPYOTCA Apyrue pesieBaHTHble K/oueBble c0Ba. B pesynbrarte
NoucKa no Kntouesbim cioBam WoS 6bin10 ussneyeHo 1305 uccneposarenbckux pabot, Kotopble 6bian
MmnopTupoBaHbl B VOSviewer, u nporpamma paccumutana 43 531 kntoueBoe cn1oBo. bbl1o 06HapyKeHo,
4yTO 632 U3 3TUX K/IKOUEBbIX C/I0B UCMOJb3YIOTCA KaK MMHUMYM B 13 cTaTbaX. 3aTem HeobpaboTaHHble
K/loueBble C/10Ba 0TGUALTPOBbIBAOTCA BPYYHYIO U Bbl6upatoTca 87 KAtoueBbIX C/10B, KaK NOKa3aHO Ha
PucyHke 1. VOSviewer aBTOMaTMUYECKU paspenseT 3TU KalueBble CI0Ba Ha TpU LBeTa (KpacHblid,
3e/leHbl U CMHMIA) Ha TPU KaTeropum U oTobparkaeT ropsaune TOUKU UCCAe[O0BaHUIA 3a nocnepHee
Bpems. rogpl.
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PucyHoOK 1. Busyanusaumsa ropaumx ToueKk UccieaoBaHUA OCHOBHbIX HABOPOB KNacTepoB U KAOUEeBbIX
CNI0OB B CTPOUTENIbHOM OTpacau c nomoubio VOSviewer.

3. Pe3ynbTatbl
3.1. bubanometpuyeckuin aHanus

VOSviewer BKAwo4aetr Tpu ¢opmbl aHaNAM3a: BU3YANM3ALUIO CETU, BU3YaZIM3aLMUIO HANOXKEHUA U
BM3yaniM3auMI0 MAOTHOCTU. Pasmep KaxKAoro Kpy)KKa npepcrasnser coboil Bec KA4eBOro c/oBa.
PaccTtosiHMe mexay ABYMA Kpyramu npepcraBnset coboil cpoacTBo mexay AByma Kpyramu. Ecam
CpPOACTBO CUNIbHEE, PacCTOAHME Kopoue, a Yuem cnabee cpoacTBo, Tem ganblue pacctoAHue. LseT Kpyra
npepcTaBAfeT Knactep, K KOTOPOMY OH NPUHAZNENKUT, a pa3Hble KaacTepbl NpeacTaBAeHbl Pa3HbIMU
uBeTaMMm.

PucyHoK 1 npeacraenset coboi ceTeByto BU3yanmsaumio. BIM - aTo agpo B KpacHoii 061acTu, U cTeneHb
6nu3octn Knuesbix cnos «Facility Management (FM)», «Construction Process» u «Design Phase»
ymeHblaetca. bonbwasa yactb nybnukauui ceasaHa ¢ FM, a KOHCTpyKuua u ausaiiH cnabble.
«KMU3HEHHDbIA LMKN» COeAUHAET KPacHY U 3e/IeHYl0 CTOPOHbl. COrnacHoO aHanusy Busyasusauuu
BAHHDbIX, K/NlOYeBble C/10Ba B 3e/1IeHOW 30HE B3/ 32 OCHOBY «[1pOM3BOACTBO», r4e C HAM CBA3aHbI
«YcToitumBoe passutme» U «OLLEeHKA XKU3HEHHOro uuKna». OaHaKo KatoueBble cnoBa «CTpoutenbHas



NPOMbILAEHHOCTb» U «BIM» ganeku ot KAloueBoro cNoBa «YCToiunsoe passuTme», UTo 03HauYaeT, uTo
OHU MeHee penieBaHTHbI. Mpu 3ToM Koppenauua co BCeM YKU3HEHHBIM LUKNOM He3HauuTeslbHa. ITa
CUTyauua WUAN OTCYTCTBME pPasBUTUA CTPOUTENIbHOI OTpacnu, oTpakaeTca Ha YCTOMUYMBOM pa3BUTUM
CTpoUTenbCTBa.

Ha pucyHKe 2 nokKasaHa Bu3yaau3auusa UCCeA0BaTeNbCKON TeHA4EeHLUM CO BpeMeHeM B KayecTBe
KpuTepus, BblAeNeHbl KloueBble C/10Ba, KOTopble cBA3aHbl ¢ BIM, NOCKONbKY AA4p0 ABAsAETCA ropayei
TOUYKOI UCCnenoBaHUiA 33 nocnegHue NATb eT. Takum o6pasom, Ha OCHoBe GUBAMOMeETPUYECKOro
aHaNM3a, KOTOPbIA Pe3IOMUPOBAH Ha PUCYHKAX 1 U 2, MOYKHO BbIIBUTb C/1EAYIOLLYIO TEKYLLYIO KaPTUHY
B AaHHOMN obnacTtu:
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PucyHoK 2. Busyanusauma nccnepoBatesibCKUX FOPAYMUX TOYEK B CTpOMTeanOVI oTpaciaun.

UHterpauma BIM wm ceTeBbiX CUCTEM MOKET NOALEPKATb yAy4ylleHMEe 3TanoB CTPOUTENbCTBA U
aKkcnnyaTtauumn ApxuTtekTypbl, UHXUHUpUHra u Ctpoutenncrtea (AEC) [55,56,57,58], uto ynpoLuaeT noucK
MHOpMaALMM U yNpaBaeHue, HO B HacToAWwee BpPemMs HAXOAUTCA B CTaguu paspaboTku.
npeaBapuUTesibHbIA U NPOMEXKYTOUHbI 3Tan.

Ucnonb3osaHue BIM Ha NpOTAMKEHUMN BCEro XKU3HEHHOrO LMKAA 34aHUA UMeeT KaK NoTeHUuMan, Tak u
npenarcreua [30,58,59,60,61].

CoBMECTMMOCTb AaHHbIX U UHPOPMALUN Ha NPOTANKEHUUN BCEro }KU3HEHHOTO LMKAA 34aHUA BCe ewe
octaerca npobnemoi [62,63].

B uccnepoBaHuAX cTtpoutenbHoi uHAayctpuu n BIM ctagum FM ypenanocb 6onblie BHUMaHUA, Yem
CTPOUTENIbHOM 3Tanbl MPOEKTUPOBAHUA, CTPOUTENbCTBA U 06CNYKMBAHUA. BONpoChl XKU3HEHHOTO LUKAA
cnepyet pewatb Ha paHHel cTaguu, HO B nocaegHuUe rogbl 06 3TOM YNOMMUHANOCh MHOFO Pas.

Kak HoBasa TexHonorusa, 6/10KUeH NPUMEHAETCA BO MHOrMX 06/1acTax, TaKUX KaK YMHble ropoga,
CeNbCKoe X03AMCTBO, MeauLMHa, UHAHCBI, TPaHCNOPT, UHTepHET Belen u apyrue obnactu. B Kauectse
nnatpopmbl 610KUEH NPefOCTaBAAET 3aMHTEPECOBAaHHbIM CTOPOHAM B YMHbIX ropoAax MeXaHusm
BANA y4acTUA B rOPOACKOM CTPOUTENbCTBE. B nocneaHune roabl 610KYeiH cTan NONyAsSIPHbIM U LUIMPOKO
uccnepgyembim [25,26]. CTpouTenbHaa OTpac/b TaKXKe NpucoeguHUNAch K BOosHe 3TOM uudpoBoii
TexHonorun. OAHAKO B HacTofliee BpemA UCCNeAoBaHWUI NO 610KYeiiHY B CTPOUTE/IbHOU OTpacau
mano. CneaosaTtenibHO, HEOH6XO0AMMO UCKaTb KAloueBble C/10Ba 6/10KYeliHa U CTPOUTENIbHOWU OTpacaun
oTAeNbHO.

Takum obpasom, us ScienceDirect 6b110 oTo6paHo 11 uccnepoBaTeNbCKUX paboT ¢ 463 KaloueBbIMU
cnoBamu. 59 U3 3TUX KAKOUEBbIX C/10B 6bIN1M UCNO/Ib30BaHbl KAK MMHUMYM B ABYX CTaTbAX. Kntouesble



CN0Ba, He CBA3aHHble C 6/10KYEeHOM U KOHCTPYKUMel, 6binnM 0TGUABTPOBAHbI BPYUHYIO, B pe3y/bTaTe
0CTanocb 27 KAOUYEBbIX C/10B, KaK NOKa3aHo Ha pUCYHKe 3. U3 KonnuecTsa ctaTeil U pUCyHKa 3 BUAHO,
4YTO MeHblUe UCCeA0BaHMIA N0 UHTerpauumn 610K4YeiiHa U CTPOUTENIbHOM OTPACc/U, U POACTBO MEXKAY
HUMM YETKO He YyCTaHOB/IeHO. 3a nocnegHue Tpu roga 6b110 NPoBeAEeHO HECKONbKO UccnesoBaHUi,
cBasbiBaowmx BIM, 610KYeliH U cTpouTenbHylo oTpacnb. UHTerpaumusa CTPoOUTENbHOM MHAYCTPUU U
6n0KueiiHa Bce elwe HaxoAMUTCA B 3a4aTOYHOM COCTOAHMM, @ CKOPOCTb LUpPOBOI TpaHchopmaumm
OUYeHb MeAJ/IeHHasA, HO paA UccneaoBaTeneil Nog4YepKHYIU NoTeHUMan 3Ton uHterpauum [30,33].
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PucyHoK 3. Busyanusaumsa wuccnepoBaTeslbCKUX FOpPAYMX TOYEK B NpUMeHeHuu 6n0KuyeiliHa B
CTpOUTENbHOM OTpacaM.

M3 pucyHKa 3 BugHo, uto uudposas TpaHchopmaLma CTPOUTENIbHOMU OTPACAN NPOU30LLIA B NOC/EeAHNE
rogbl. 3TO CTaHeT TeHAEHUMEW PasBUTUA CTPOMUTENbHOM OTpaciuM B 6yaywem, U CTOMT U3YUUTb
BO3MOXHOCTb UCNO/Ib30BaHUA 6710KUeHA B CTPOUTE/IbHOM OTpacau.

3.2. AHanu3 MUKpocxem

Mocne maKkpoaHanusa BU3yanusauum Kaouesbix cioB VOSviewer 61 cTaTbs, cBA3aHHaA ¢ 610K4YeiiHOM,
BIM u ycrolumBbiMm pa3Butmem 3aaHuii, 6bina cneymanbHo Bbl6paHa M BKAKOYEHA B aHanus
MUKpocxembl. CTaTbu 6b1M NPpUBA3aHbI K KOHKPETHbIM 3Tanam XXU3HEHHOro LUKAa 34aHuA, BKAoYas
NPOEKTUPOBAHUE, CTPOUTENBLCTBO M 3KCNAyaTaumio. OpraHnsoBaHoO No Tpem 3Tanam U KOMMJIEKCHbIM
aTanam, U yKasaHbl MeTOoAbl WCC/eA0BaHUA, UCMOJb3yemble B KaXKAOM nybauKkauuu, a TakxkKe
uccnepoBaTtenbckan cMTyauua B 06nactu 610KueitHa, BIM m ycToiiumBoro cTpoutenbCcrsa.

Kak noka3saHo B Tabauue 1, Tabauue 2, Tabanue 3 n Tabauue 4, cyaa no Konmuecrsy nybamkauuis, 3a
nocnegHue TPU roaa UCCNeA0BaHUA, CBA3AHHbIe ¢ 610KuYeiiHOM, BIM 1 ycTOMUMBBIM CTPOUTENILCTBOM,
cocpenoToUeHbl Ha 3Tane SKCN/lyaTauMm XXU3HEHHOT0 LIUK/IA 34aHUA, YEM HA 3Tane SKCNJlyaTauuu. atan
NPOEKTUPOBaHMUA U cTpouTenbcTsa. Kpome Toro, npumeHeHue 610K4YeMHa Ha CTagUU NPOEKTUPOBaHUA
M CTPOUTENbCTBA HEAOCTAaTOYHO, B TO BpPeMA KaK NPUMEHEeHMe B 3KCM/yaTalMOHHOM acneKkre
nocTeneHHoO YBEe/JIMYMBAEGTCA B NOCAEAHUE roabl, B OCHOBHOM M3y4aloTCA MOTeHuuan u npobnembl
610KueiiHa B cTpouTenbHOU oTpacau [26,30,64]. Ana xpaHeHUA AaHHbIX B 610KueliHe ucnosab3lyeTtca
AeLeHTPaNN30BaHHbIM cnocob pacnpepeneHus, KOTOPbIM MOXKET CHU3UTb PUCK LLeHTPaA/IM30BaHHOTO
XpaHeHus. [laxe ecnm oguH y3en 6nokyeiHa 6yaeT noTepsH, 3TO He NOBAMUAET Ha AaHHbIE B L,eJIOM
[65]. XapakTepucTukn 6n0KuyeitHa MOryT yAOBAETBOPUTL NOTpebHOCTM B nepepadve uUHPpopmauumn
AAHHbIX B peasibHOM BpeMeHU MeXXAy Pas/IMYHbIMU 3aUHTEepecoBaHHbIMU CTOPOHAMM HA ocHoBe [19].



Tabanua 1. NpumeHeHne 610KYeiHa, ynpaBneHua nHpopmaumein o 3gaHuax (BIM) u ycroitumsoro
CTPOMTENbCTBA HA 3Tane NPOEeKTUPOBAHUA }KU3HEHHOTO LMKAA 34aHuA.

Source Year Research Method Sustainable Building Blockchain BIM
Huster et al. 2020 Literature and the NeOn methodology -
Rajase ef al. 2018 Questionnaire - -
Xueetal 2018 Experimental tests -
Ghesh 2018 Review -
Cllawumi et al. 2018 A Delphi survey - -
Fathi et al. 2016 Case studies - -
Flylili et al. 2015 Literature review -
Farias Stipo 2015 Literature reviews, case study and interviews -
Shoubi et al. 2014 Case study - -
Jrade et al. 2013 Maodelling - -

* indicates that the literature contains the content.

Ta6bauua 2. NMpumeHeHue 6n0K4YeitHa, BIM M ycToMuMBOro CTPOUTENbLCTBA HA 3Tane CTPOUTENbCTBA
}KM3HEHHOrO LMK 34aHUA.

Source Year Mew Build Renovation Research Method Sustainable Building Blockchain EIM
Manganslli =t al. 2020 - Mode! and 8 case study -
Passeret al. 2020 - Review * *
Shrubsole et al. 2o - Litersture review -
Olawumi et al. 218 - A Delphi survey - -
Chign et al 2Me - Litersture revisw -
Ghaffarianhoseini et al. 27 - Litersture review *
Bretherton 27 - Case siudies -
Capsluto et al. 2018 - Comparative analysis -
¥hadda] et sl 2018 - Litersture revisw -
Jones et al. 25 - Litersture review * *

* indicates that the literature contains the content.

Tabnanua 3. NMpumeHeHue 6n0KueitHa, BIM u ycToiluMBOro cTpoMTenbCcTBa Ha 3Tane 3KcnayaTauum
YKU3HEHHOTO LKA 34aHusA.



Source fear FM Mainfenance Ressarch Mathod Zustalnabis Buliding Blockchaln ElM

Elcker at al 2020 - Case shudy -
Mamo &t al. 2020 - - Casa shudes -
Chen et al. 2020 - Modziing -
Olawumi 2t al. 2020 - Litarature review and guesianralne - -
Liatal 2020 - Modzling -
Quinn & al. 2020 - Casa shumles -
Perara et al 2020 - Litarabura review and & uee case analyels -
Shang af al. 2020 - Acase shudy -

Elghaleh at al. 2020 - Expermant - -
Chang &1 a 2020 - A guastionnalre and 3 casa sudy - -
Maroouk et al. 2020 - Case sudy - -
Kumar &1 al 2020 - Case sludies and test -

Matamen 21 3 Mg - - Litaratura ravizw -
Cachal et al. Mg - Literature ravizw -
Ammarl &1 al 2me - Usatiiny testing and questionnalre -

Chen et al. 2Me - - Case sudy -
Gaoetal Mg - Litaratura ravizw -
Sang et al 2Me - Case shudy -
Boncl et al 2me - Case sy -

Lakehina et al 2Me - Evaluation - - -
¥limaza et al Mg - Expert reviews and c3se study -

Sortoluzz] af al. 2Me - Casa shudes -

Chen et al. 2ME - Literature ravizw -
Lin et al 2015 - Case sudy -
Wong =t al. 25 - Litaratura review and focus groug -
Pardis at al. 2ME - Casa studies and sami-structura Infarviaw -
Araczilewicz 2m7 - Case sudy -
Chizn et al. 27 - Experimant -
Zagsh at al. 27 - - Case shudes -
Mioat 23 2ME - Literature review -
Azlz 2t al. 2ME - Literature ravizw -
Onetal 201E - Example gesciplion and 126l c38e -
Singh et al 201 - Literature raviews, focus group and case shudy -
Arayicl et al 201 - Case shudy -

Ta6bnuua 4. NMpumeHeHue 610KueiiHa, BIM 1 ycToiUMBOro CTpOUTENLCTBA Ha BCEM 3Tane KU3HEHHOro
UMKNa 34aHUA.

Bullding Lifs $tage

Source Waar Construction Operation Rasaarch Mathod Sustainabie Buliding Blockchain  BIM
Dazign
Hew Bulld  Renovation FM  Maintenancs

Liuetal 2020 - - Literature review = -
Lluetal 2018 - - - Questionnalne & sembauciurad InEndews - - -
Tang =tal. 2018 - - - - - Litaraturs ravisw - -
Uetimovichius etal. 2018 - - Cass sudy -
KIm &f al. 2018 - - Evaluation -
Turk &1 3l 207 - - Scanars - -
Wong etal 201E - - - - - Literature review - -

* indicates that the terature contains the content.



MHTerpaumsa 6noKueiiHa u BIM B cTpouTenibHYI0 OTPac/b MOXKET AaTb 601ee NO3UTUBHDBIN MMNYIbC ANA
6yaywiero pasBUTUA YMHbIX 3a4aHui [25,29]. KaK BaXKHaa TeXHO0MMA B CTPOUTENbHbIX NpoeKTax, BIM
WKMPOKO MCNOJb3yeTCA Ha BCeX 3TanaxX XM3HEHHOro LUMKAA cTpouTenbctBa. BIM cuuTtaetcs
3G PEKTUBHLIM MHCTPYMEHTOM AAA WMHTErpauun NpPUPOAHbIX CUCTEM WU TEeXHUYECKMX CUCTEM B
npoeKkTUpoBaHue 34aHuit [66]. BIM BKatouaeT 6a3bl AaHHbIX BO MHOrMX obnacrax [22], obecneunBas
OCHOBY ANA PeAaKTUPOBAHUA U YNPAB/IeHUA BAHHLIMM HA NPOTAXKEHUU BCEro XM3HEHHOro LMKANa
MHTeNNIeKTya/IbHOro 3g8aHus [20]. 9To nomoKeT 3HaUMTEeNIbHO COKPATUTL Ay6AMpoBaHMe CTPOUTENbCTBA
M OTXOAbl, YMEHbLIUTb KOJIMYECTBO OLIMUOOK, BbI3BAaHHbIX TPAAULMOHHBIMU METOAAaMMU, U YCKOPUTb
CPOKM peanusauum npoeKkrta [42]. B Hacrosuwee BpemAa paspaboTaHbl pasnuuyHble mMogenu
npousBoguTenbHocTu BIM ansa nomowm B NPOEKTUPOBAHUM, CTPOUTENLCTBE, 3KCMJyaTauuu wm
obcnyKuBaHumM 3aaHmii [45]. UX NpUMEHMMOCTb M HanNpaB/AEHHOCTb Pa3/IMYAOTCA, TaK uTO
YAOBNETBOPAIOTCA NOTPe6HOCTM pasHbIX nosb3osaTteneit BIM [67].

Kak nokasaHo B Tabauue 1, uccneaoBaHUA Ha 3Tane NPOEKTUPOBAHUA B OCHOBHOM MpPOABAAETCA B
CTPOUTENbCTBE 3KOJIOTUYECKM UUCTbIX 3paHuii [62,68,69,70] M B KOMMJEKCHbIX npoueccax
npoekTupoBaHua [71]. Mpeanaraetca, YTo6bl NPOEKTUPOBLLMKU YCUANAN CNOCOBHOCTb MCNONb30BaTb
BIM [62], npoaBuranun coyetaHue BIM u Teopuu, a Tak}Ke HAXOAUNU peLLeHUsA, NogAaepKuBaloLme
ycToMunBOE pasBuTUE 34aHUIA NocpeacTBOM NMPOeKTUpoBaHuA [56], n aobusanucb 6anaHca mexagy
OKpy)Xalowen cpenoii, sIKOHOMMKOU U obuwecrBom. [24,62]. dTan NPOEKTUPOBAHUA OCHOBAH Ha
cobnoaeHnn cTpouTenbHbIX HOPM M NpaBu, U Npu co3gaHum moaeneit BIM cnepgyeT yuutbiBaTb
HECKO/IbKO Tpe6oBaHMii: 3HepreTMyeckue TpeboBaHUA 34aHUA, IKOJOrMUECKMe NapameTpbl 34aHUA,
TpeboBaHMA KOHTPONA KauecTBa, KomdopT nonb3oBatend, Tpe6oBaHUA NoONb30BaTeNA, MeECTHble
KAMMaTUYEeCKue YCNO0BUA U KyNbTypa XusHu. [37,72]. KombuHauma MHTeNNeKTyasibHO CeHCOpHOW
cuctrembl U BIM moXKeT nomoub €0343aTb YMHYIO, TYMaHHYKO M YCTOMUMBYIO 3aCTPOEHHYIO cpeagy,
cnocobcTBOBaTh peanusaumMm YCTOMUUBBIX CTPaTerMuyeckKMX MHULMATUMB B 3acTPOEHHOW cpeae U
peanusoBaTb 3eneHble 3paHMA, 6e3onacHyl M 3p0poBylo cpeay obutanua [73]. OcHoBHbIMM
MeToAaMM  UCCNeAOBaHUA, WUCMNONb3yeMbiMM Ha 3TOM 3JTane, ABAAKTCA 0630p /uUTepaTypbl,
AHKeTUpOBaHUE, IKCNEPUMEHT, aHA/IU3 C/Iy4aeB U UHTEPBbIO.

Kak nokasaHo B Tabnuue 2, noapobHoe wuccnesoBaHue NPenaTcTBUiA M npobnaem, ¢ KoTopbimu
CTaNKUBaIOTCA 3aUHTEpPEeCcOoBaHHbIe CTOPOHbI NPU UHTerpauumn BIM u npakTUKK yCTOMUUBOro pa3BuTUA
Ha 3Tane ctpoutenbcrsa [56,60]. Ha ocHose BIM ana BOCCTaHOB/AEHUA UCTOPUUYECKUX 38aHUN [74],
nocTpoek nocne 3emneTpAceHnna [75,76] u oTpeMOHTUPOBaAHHbLIX 3gaHuit [77]. CopencTBoBaTb
BHeapeHuio nnatpopmbl BIM ana onTumusaumm npouecca CTpOUTeNbCTBa, NOBbILIEHUA KauecTBa
TpaHchopmaumnm npoekTa u 3G PEeKTUBHOrO OTC/IEXKMBAHUA NMPOEKTA C MOMOLLbIO BUM3Ya/IbHbIX AaHHbIX
[63]. 3ToT aTan oTpa)kaeT 0o6HOBAEHWE ropoAoB, KOTOPOE AaeT BO3MOXHOCTb ANA YCTOMUUBOro
Pa3sBUMTUA U MHTENIEKTYa/NIbHOTO POCTa ropoaoB. YCTAaHOB/IeHWE WMHAMKATOPOB MJlaHA FOPOACKOMU
PEKOHCTPYKLMU MOXKET NPOBOAUTb NPOBEPKU KaUecTBa CyLLeCTBYIOLLMX 34aHUIA, CHUXKATb YA3BUMOCTb
34aHUNA U cNOCO6CTBOBATb OL,EHKE U MPUHATUIO PeLleHU OTHOCUTE/IbHO CeCMOCTOMKOCTU 3a4aHuIi
[76,77]. 3awuTta 34aHNA He 03HAYAET COXPAHEHME CTApOro BHELUHEro BUAA, HO ero MOXXHO NepecTpouTb
B YCTOMUMBOE, YCTOWUMBOE U IKONOrUUYHOE 34aHUe C UCMOIb30BaHMEM MHHOBALMOHHbIX MaTepuanos 1
TexHonoruii [74]. OcHOBHble MeToAbl UCCAen0BaHUA, UCMNONb3yemble Ha 3TOM 3Tane, BKAKOYalOT
TemaTuuecKkue uccnegoBaHus, 063op nMTepaTypbl, MHTEPBbLIO U CPABHUTE/IbHbIA aHaNU3.

B Tabauue 3 Ha 3Tane aKcNAyaTauum 3gaHuA obcyXkpaercs, Kak 06HOBNEeHUe ropoAoB ABAAeTcA 6onee
ycronumsbim [34, 61, 78], nyTem BbiiBI€HUA U YCTPaHEHUA NPenATCTBUI ANA PasyMHbIX U YCTOMUYUBbIX
NPaKTUK B UCKYCCTBEHHOI cpepe [61] n onpeaeneHns X NPUOPUTETHOCTU, YTO obecneuynBaeT OCHOBY
BNA NPUHATUA PeLleHUA ILamm, NPUHUMAIOLLMMU PeLleHUs. NPUHMMATb 060CHOBaHHbIE peLueHus.
OnepaunoHHaa MHPoOpMaUMA ynNpaBaAeTcA NnocpeacTtsom WUHTerpaumm cuctem BIM m FM. 3to
TPaAULMOHHOE ynpaBJeHUe TeXHUYEeCKUM 06cnyKuBaHMem coyeTtaetca ¢ LMppPoBbIMM TEXHONOTUAMM
ANA NoBblleHUA 3PPEKTUBHOCTU YNPaBAEHUA U TEXHUUYECKOro obcny:KuBaHuA Ha 6yaywmx stanax



aKcnayaTaumumn u TexHudeckoro obcny:kusaHua [34,35]. Chen et al. ctpykTypa 6blna pasgeneHa Ha NATb
mopayneun, BKA4Yaa NPOEKTHYIO 40KYMEHTaL U0, NepCOHaN U KOHTAKTbl, N/IAHUPOBAHUE U BbINOJIHEHUE
FM, OUEeHKY TeXHUYECKUX XapaKTEePUCTUK, a TaKKe ynpasieHne 6e30nacHOCTbO U Ype3BblYaiHbIMU
cutyaunamu [44]. Kpome Toro, usyyarotca noreHuuan u npumeHeHue BIM B FM u obcayusaHum
[36,45,55]. C TOukKM 3peHUa pyKoBoguTteneii obopypoBaHusA, oueHUTe U 0606WUTE TeKyliue
uccneaoBaHuMa UM nporpecc B o6naactu npumeHenua BIM-O&M, npoaHanusupyiite TeHAeHUUU
uccnepoBaHUii U Hagute Npobenbl B UCCNef0BaHUAX U NepCNeKTUBHbIE HanpaBaeHUA UccieaoBaHuii
B 6yaywem [45]. Ucnonb3oBaHue BIM ana nonyyeHna nHpopmauum B peasbHom BpemeHun [39,79] u
npoBeAeHUA 3aKkawuuTenbHo nposepku [40] Bo BpemA 3aBepluieHUA MPOEKTa [AA YCUIeHuA
BO3MOHOCTEA KOMMYHMKauuM U ynpasneHna wuHoopmauueid [80]. Apawkesuy npegnaraer
BO3MOMKHbIE HanpaB/JeHUA p[anbHellMnXx wuccnepoBaHuii no  uudposusauum  ynpaBaeHus
HeABWXMUMOCTbIO U BAUAHUA uMdpoBM3aLMM Ha NPoLECC peann3aLnum KOHLENL N MHTeNIeKTya/lbHOro
ycroiunsoro crpoutenbctsa [80]. Ccbinka [26] aokasbiBaeT noteHuuan 610KYeiiHa B CTPOUTENIbHOMU
OTpacAn W UCNOAb3yeT ero AAA ynpaBaeHus uHPopmauueid o KadectBe [81] u KomnsieKcHoW
peanusauuun npoekTtos (IPD) [32] B ctpoutennbcree. Pewntb npobaemy 6esonacHoctu naarexein (SOP)
3a cyeT MHTerpauumu 6noKueiiHa, BIM u uHTennektyanbHbiX AatumkoB [31]. OcHOBHble meToAbl
uccnepoBaHUA, UCNOJIb3yeMble Ha 3TOM 3Tane, BK/IOYaloT aHanAu3 cayyas, 063op autepartypbl, poKyc-
rpynny, UHTEPBbIO U aHKeTy.

Tabauua 4 noceAweHa AMTepaType, Kacalouleica HeCKoNbKUX $a3 }KU3HEeHHOro LuuKna. BugHo, uto B
UTepaType Masio CUCTEMATUYECKUX BCECTOPOHHUX UCC/IeA0BaHMNI BCEro XKU3HEHHOT0 LMKAA 30aHUA B
COOTBETCTBUM C 3TANOM TMPOEKTUPOBAHUE — CTPOMUTENbCTBO — I3Kcnayatauua. C TOUKU 3peHun
YCTOAUYMBOCTU, MHTErpauua YCTOMUMBOCTM Ha BCeX 3TanaxX CTPOUTENbCTBA - 3TO TO, UYTO AOJ/KHDI
yuuUTbiBaTb M peasnn30BbiBaTb BCEe 3aMHTEPEeCcOBaHHble CTOPOHbI B CTPOUTENbHOM oTpacau [62].
MHTerpauma ¢usmnueckux 3gaHuii ¢ uudpoBbIM MoaenupoBaHMemM obecneuuBaeT BU3yasbHYIO
nnat$popmy ANA COBMeECTHOM paboTbl, KOTOpaa NoOMoraeT gusaiiHepam, apXUTEKTOpam, UHXKeHepam,
pa3paboTunKam U gaxke KOHEUYHbIM MOJIb30BaTeNAM CTPOUTb SKOJIOTUYHbIE U YCTOMUMBBIE 34aHMA Ha
NPOTAMEHUN BCEro XU3HEHHOro LMKAa npoeKkra. [66]. Ytobbl aobutbca 6onee adpdekTMBHOro
ynpaB/ieHUA HU3KOYINePOAHbIMU TEXHONOTUAMM, MHCTPYMEHTbI BIM A0/KHbI BK/IIOYATb KOHL,ENLMIO
«COKpalleHMe, NOBTOPHOE UCNO0JIb30BaHUe U nepepaboTkar. CywecTsyeT MHOro Bugos mogenein BIM,
HO No-NpeXKHemMy Heo6X04MMO YAYULLUTb NPaKTUYHOCTb, MPOCTOTY MCNONb30BaHUA U COBMECTUMOCTb
UHCTPYMeHTOB BIM, 4uTo6bl MakcumusnposaTtb Ux 3pPeKTUBHOCTb U BecnpenATCTBEHHO UCNO0/1Ib30BaTb
6onblliee KOAMUYECTBO 3aMHTEPeCOBaHHbIX CTOPOH [28]. BnoKueiiH npepocTaBAseT HaAeMKHYIo
TEeXHONOruIo ANA NOCTPOEeHUA ynpasneHna nHpopmaumeit Ha cTagum obLLEero }13HeHHoro uukna [33],
KOTOpPas MOXeT CHU3UTb PUCKU M 3aTpaTbl Ha noagenky 6e3 CTOpOHHero ynpas/ieHuA. 3To
obecneunsaer 6e30MacHOCTb, HAAEKHOCTb U KOHPUAEHUMANbHOCTb AaHHbIX W YyCTaHaBAMBaeT
[0Bepue mexay yCTpoicTBom 1 nonb3osaTtenem [82].

4. Ob6cyKpeHune
4.1. YmHble ropoga u ynpasaeHue roposckoii undopmaumeis (CIM)

KombuHauma uHbopmaumm mn nMHPPacTPyKTypbl 3aKnagblBaeT OCHOBY ANA YNPaBAE€HUA YMHbIM
ropoaom, uTO 3HauUTeNbHO noBbiWwaeT 3(PEKTUBHOCTb CTPOMTENLCTBA U CHUXKAET PUCKU
cTpoutenbctea [20]. CIM B ropogax aHanoruuHa ponu BIM B apXxuTeKType, KOTOpasa 3aK/llOuyaeTca B
MHTerpaumum Bcex mopgeneii NpPoCTPaHCTBEHHbIX AaHHbiIX. CIM nomoraer onTMMusupoBaTb Npouecc
ynpasnenus [83], ynyuwimnTb rocyAapcTBEHHbIE YCAYIU U YAYULINTD KAUECTBO XXU3HU rpakaaH [84]. B ee
YHUKaNbHOI 6ase faHHbIX BCe 3aMHTEPEeCcOBaHHble CTOPOHbl COBMECTHO YYacCTBYIOT B MPUHATUM
peLeHni ¢ TOYKU 3peHUA NPOEKTUPOBAHUA, NNAHMPOBAHUA, IKCMIyaTaLMK U 06CNYKUBAHUA, a TaKKe
BCECTOPOHHE UHTErpupyloT MHGopmaumnio 06 UCKYCCTBEHHOMW cpeAe, NPaBOBOI cpeae U NPUPOAHOIA
cpeae [85] ansa nonyyeHusa onTumanbHoro peweHue. OgHaKoO B npouecce ynpaBieHUa MOAE/bHON
umHdopmaumein uHTerpauna uHpopmaumm npepacraBanser coboi CAOKHBIA Npouecc, U BO3HUKaeT



MHO}KecTBo Npobaem u npobaem. Kak pacnpegeneHHblii peectp, 610KuyeiiH MoXKeT 6e30nacHO XpPaHUTb
AaHHble U MHGOPMaALMIO B LLENOYKE; U COobLLeHUnA, KOTopble OH nepepaeT, 061a43at0T LLeNOCTHOCTbIO,
HEeNpPOTUBOPEUMBOCTBIO U HAAEMHOCTbIO. TONbKO aBTOPM30BaHHble MO/b30BaTe/NIM UMEIOT NpPaBo
BHOCUTb U3MEHEHMUA, a OCTa/IbHble He UMEIT NPaBa BHOCUTb U3MeHeHuUs, obecneunsBas 6e30MNacHOCTb
nHpopmaumu.

Momumo MHPOPMALMOHHBIX PECYPCOB, BaXKHAA YacTb YMHbIX FOPOAOB - 3TO MHOPACTPYKTypa.
CTpouTenbHaa OTpac/b - BaXKHas cdepa YMHbIX ropoaoB - TpebyeTr KOMNIEKCHOro ynpaBaeHus, a
CTpouTesibHble NPOEKTbl NPeANO0aaraloT COBMECTHOe COTPYAHUUYECTBO HECKOJIbKUX KOMNaHMii. C TOUKK
3pPeHUs YyCTOMYNBOro pasBuUTUA, 34aHUA NOTPE6NAIOT OrPOMHOE KO/IMYECTBO SHEPruU No BceMy MUpYy.
B cOOTBETCTBUM C OCHOBHOM NPeAnocbiIKoi obecneyeHns 34,0Pp0BbsA NO/Ib30BaTe/Nel Y KU3HEHHDIN LUK
30aHUA [OMKeH ObiTb MAKCMMa/ZbHbIM ANA AOCTUNKEHUA dHeprocbepe)keHus, SKOHOMUMU BOAbI,
3KOHOMMM MaTepuanoB U 3alMUTbl OKpyXKawwen cpegbl [86]. Yto Kacaerca ynpasneHus
3HepronoTtpebsieHnem, 3TO MOMKET YMEHbLUUTb MNOTepU 3SHeprMM 3a cyeT pa3paboTku
MHTE/NIeKTYaJIbHbIX CeTel U peryimpoBaHuA BbipaboTKM 3N1E€KTPO3HEPrun no 3anpocy. Yto Kacaetca
ynpasneHus Bblbpocamu yrnepoga 1 BOAHbIMU pecypcamm, KOMNaHUU 40/1XKHbl NOAHOCTbIO PACKPbITh
CBOE YyBCTBO KOPMNOPATUBHOM COLMANbHOM OTBETCTBEHHOCTH, BU3yaZIbHO PAaCcKPbIBaTb MHPOPMALMIO O
Bbi6pocax yriepoaa v onepauumax ¢ Boaoi. Ana ynpasneHus orxogamu 6yaer paspaboraHa eguHas
cMcTeMa YMpaB/ieHUA OTX04aMM Ha OCHOBe 6/0KYeiiHa AnA MOBTOPHOrO MCMNO/IL30BAaHUA WU
nepepaboTKN CTPOMUTE/NIbHbIX OTXOA4O0B ANA AOCTUXKEHUA YCTOMUMBOCTU CTPOUTE/IbHLIX MPOEKTOB.
OTKpbLITOCTb,  CNpPaBe4/IMBOCTL U NPO3PAYHOCTb  6/I0KYeitHa  MOryT  yA0BNETBOPUTL
AeueHTpannsoBaHHoe ynpaeBneHue UHPopmaumeii o0 KauvectBe crpoutenbctBa [81]. Bce
3aMHTEpeCcOoBaHHble CTOPOHbI MOOLPAOTCA K COTPYAHUUYECTBY, @ KONNIEKTUBHbIE MHTEPecbl CTaBATCA
BbiLUE /IMYHbIX UHTepecoB [30], uTobbl o6ecneunTb ynopsaodeHHOe BHegpeHUe AeLeHTPaIM30BaHHOro
ynpaB/ieHUA CTPOUTENbHOM oTpacnblo. BaokueitH moxKeT appekTMBHO 06pabaTbiBaTh TPAH3AKLMUM,
3aWMLLATb AaHHbIE, CHUXKATb 3aTpaTbl Ha pabouylo cMAy U NOBbIWATb NPO3PAYHOCTb U 6e30MacHOCTb
[87].

4.2. bhoKyeiiH u BIM

XoTa ucnosnb3oBaHMe 6n0KYeMHA B CTPOUTENbHOW OTPAcAU ele He MNOAYYUNO LUMPOKOro
pacnpocrpaHeHus, uHTerpauymua BIM u 610KuyeiiHa noka3ana NnoTeHUMan B CTPOUTE/IbHOM OTpacau gna
ycronumBoro passutua. BIM - 3To o6bwmii pecypc 3HaHMA, KOTOPbIM MOXKET XPaHUTb BaXKHYIO
MHbopmaumio, cobpaHHylo B Lienoyke 610KoB, gna obecneuyeHna nHpopmaunoHHoi 6e3onacHOCTU U
nosayyeHuAa Heobxogumoii uHpopmauum us Lenodyku 6,10koB B 11060e Bpema. OgHaKo uHpopmauma o
BIM 6yaeT NnocToAHHO OGHOBAATbCA 3aUHTEPECOBAHHbIMU CTOPOHaMU. ITO NpuBedeT K CO3AAHUI0
HECKONbKUX HOBbIX ¢aiinos BIM ¢ 6onbluMm Konuuectsom nosropstoleiica uHpopmauuu B daiinax.
CemaHTnueckaa guddepeHumanbHaa TpaH3akuua (SDT) moxer PpUKCUpoBaTb 3TU U3IMEHEHUA U
3alWMLWaTh 3TM USMEHEHUA B Lleno4vke 6J10K0oB, YTo6bl yMeHbLUUTb 3TO Ay6auposaHue [29].

Bonee Toro, BIM u 6/10KueiiH ABAAIOTCA B3aMMOAOMNOIHAKWMMM NaaTthopmamm, U 610KYeiiH moxKeT
KOMMNEHCUPOBATb HeAOCTaTKM npunoxeHun BIM. Hanpumep, Korpa pasHble 3auHTepecoBaHHble
CTOpPOHbI He MOryT 6ecnpenATCTBEHHO COTPYAHUYATb U N1erko 061,aTbCcA NPU UCNONb30BaHUU MOAENN
M He moryt obmeHuBaTtbca 3dpdeKTuBHOM MHPopmaumeid, 6n10KueitH 6ygeT HageXHbIM CpeacTBoOM
coTpyaHuuecTBa. bosbluoe KOAMYecTBO BpeMeHHbIX KOMMaHUI ydacTByeT B cUCTeme ynpaBaeHus
CTPOUTENbHBIMU aKTUBAMMU, KOTOpaAa pparmeHTUpPOBAHA, CNOXKHA U NpobnemaTuyHa B ynpaB/ieHUN.
BNOKYelH MoXKeT XpaHUTb Bce Heobxoaumble AaHHble, CBA3aHHbIe C aKTUBamMu, obecneunBsas nydlumii
*KU3HEHHbI LUK akTueos [31].

Kpome Toro, gaHHble BIM u 6n0KyeliH nepepaloTca B 3/1eKTPOHHOM BUuAe, HO CNOXKHaA CTPYKTypa
coBMmecTHOWM paboTtbl BIM He moxKeT ob6ecneunTb NoAHYIO 3awWwuTy [25]. Tem He meHee, 610KUeiiH moXKeT



6e3onacHO xpaHuTb PR paHHble ceHcopa, YyBCTBUTE/bHble K ivacy. CnepoBaTenbHO, MHTerpauus
6n0KueliHa n BIM moxKeT pewuntb NpenATCTBUA HA NyTU pa3suTtua BIM [33].

4.3. BNIOKYEWNH U YCTOMYNBOE CTPOUTENIbCTBO

XapaKTtepucTukuM 610K4YeiiHa NoO3BONAIOT M36eXKaTb LLeHTPA/IN30BaHHOIO KOHTPOAA TPagUUMOHHOro
ynpasneHus. besonacHocTb 6/10KuYeiiHa o6ecneynBaeT HageKHy N1aTGopmy ANA 3aUHTEPECOBAHHbIX
CTOPOH B CTPOMUTE/NIbHOM oOTpacnu. CywecTBYIOT NPaKTUUYECKUE NPUIOXKEHUA WU TeopeTuyeckue
UCCNenoBaHMA TpeX CTaguii KU3HEHHOro UMKAA YCTOMUMBOrO 34aHMA: NPOEKTUPOBaHWe -—
CTPOMTENbCTBO — IKCMJTyaTauua.

Ha aTane NpPOEKTUPOBaHMA OYEHb BAXKHO 3AWMUTUTb Pe3y/IbTaTbl NPOEKTUPOBAHUA OT HapyLlUEeHUA.
YnpaeneHue uuppPOBbIM AaBTOPCKMM MNPAaBOM BK/OYaeT B ceba o6bem NpaB MHTENNEKTYasbHO
co6¢cTBeHHOCTU. YTO6ObI NPeaoTBPaTUTb NAIArMaT U KpaxKy, 6J10KYeH yCTaHAaBANBAET MOJIHYIO LLeNOYKY
[oBepua OT nNpaBoobiagatens K nNocraBwuky ycayr [88]. MynbTumeaunitHaa CTPyKTypa Ha OCHOBe
BOAAHbIX 3HAKOB NPeAOoTBPALLAeT NoAAENKY UCXOAHOro coaepKUMoro mynbtumeaua [87]. B npouecce
NPOEKTUPOBaHUA MPOEKTHble U CTPOUTEJIbHblE YepTeXKu OyayT NOCTOAHHO OGHOBAATLCA, TaKXKe
TpebyeTca eguHoe MmHeHue cTpouTteneii. Cuctema 610KUYeiiH, OCHOBAHHAA HAa CMApPT-KOHTpaKTax [87],
MoXKeT 06HOBNATL NOC/NeAHIO MHGOPMALUIO O YepTexKax ANA BCeX CTOPOH, He Bbi3biBaA YNyLLEeHUA.
MpoToKon pacnpefeneHHOro KOHCEHCyca MPUHAT Ana obecneyeHUs COrNAcCOBAaHHOCTM AaHHbLIX B
uenoyke Yy4yacTHMKoB [89], M mMoryT BbINONAHATbCA cornacoBaHue, moguduKauua U obmeH
mHdopmaumeil B peasbHOM BpemMeHu.

Ha atane ctpouTenbcTBa, Nnepea AMUOM rnobanbHoOM NaHAEMUU UAU ByAyLLUX YCNOBUIA, 91eKTPOHHDbIE
TOPru ABAAIOTCA KenaTesbHbiM cNoco6om. ITOT MeTos MOMKeT 3aWMUTUTb KOHPUAEHLUANbHOCTb
JINYHOCTU NO/Ib30BaTeNA, NPOBOAUTL TPaH3aKUMM M NOJABaTb 3asABKM aHOHUMHO, HE3aBUCMMO OT
pPaccTossHUA WU MOroAHbIX YCAOBUM, 3KOHOMMUTb BpPemMA U COKPAWATb KOJIMYECTBO C/yyaeB
MOLUEHHMYECTBA MpPU onepaumuax C yYepHbim sAwMKom [64]. Mpu nognucaHMM KOHTPAKTOB Ha
CTPOMTENbCTBO U NPOLEeAYyPaX COrNacoBaHUA BaXKHO NPeAOTBPATUTb NOAAENKY LMPPOBbIX NOANUCEN.
970 cnocobcTByeT B3aMMHOI ayTeHTUdUKaLMK U ycTaHoBAEHUIO aosepus [90].

Ha atane aKcnayaTtauum 3aaHue notpebaser orpoMHoOe KO/IMYeCTBO 3Heprum Ha atTane akcnayataumum u
o6cnyuBaHua, coctaBnaa 90% YKU3HEHHOro UMKAa 3paHuA [91]. dKcnayaTtauumsa - 3TO AUTENbHBIN
npouecc, a TexHU4eckoe obcayKuBaHUe - OAUH U3 CaMbIX AO0POrocTOAWMX U ANIUTENbHbIX 3Tanos
npouecca [34]. CnepoBaTenbHO, OuYE€Hb Ba)HO CO34aTb KPYrOBYIO U YCTOMUMBYIO CUCTEMY
NPOEKTUPOBAHUA, CTPOUTENbCTBA U 3KcnayaTauuu. bnarogapsa npospavyHocTu 6510KuYeiHa, cTaTyc
3anpocoB Ha obcayuBaHue M npouecc o06cCnyKMBaAHMA MOryT ObiTb M3BECTHbI, TaK 4TO
obcnyxusatowmii nepcoHan 6yaer 3HaTb Bpems, MecTo U KOMNOHEHTbl 06cny:kusaHua. ObmeHusasacb
MHbopmaumeir uepes 610KUeiH, oOTAen o06CNYKMBAHMA MOXKeT OTC/NeKuBaTb O6HOBAeHMe
MHPOpMaALMK B peXXMMe peasibHOro BpeMmeHU U NoALEepPKMBATb ero BoBpems. 3TO MOXKeT NOBbICUTb
apPeKTUBHOCTb ynpaBneHUA M 06CNYKMBAHUA, CHU3UTL cToMmocTb FM [41], a TaKXe CHU3UTL
3KOHOMMYECKME NOTEPU U Yrpo3bl 6@30NacHOCTU, Bbi3BaHHbIE CTPOUTE/IbHbIMU OMAaCHOCTAMM.

Kpome Toro, onepaumnoHHasa ¢asa Takxe BKAlOYaeT B ceba pasnuuHble cuctembl ynpasneHua. Mpu
NOCTPOEHMM YNpaB/ieHUA L,EenovyKkoil NocTaBok 6/10KyeiiH NoMoraet NPOBOAUTL ayauUT U OTC/IEKUBATb
MHOpPMaLMIO O Uenoyke noctaBoK. [Mpu ycnoeuu obecneyeHUs KauecTBa 3TO CHUNKaeT
3KCnAyaTauMOHHbIE pacxodbl, 3aTpaTbl Ha /IOFMCTMKY U puck danbcudpukaumm npoaykuun [88].
CywiecTBylOT TaKKe CucTeMbl ynpasaeHusa 3paHvem (BMS), KoTopble ynpaBAAlOT TaKMMM
KOMMNOHEHTAaMM CUCTEMbI, KaK KOHTPOJIb 40CTYNa, KOHTPOb 34aHNA U MO6UNbHbIE NpUnoXKeHus [19].

CpepAcTBa He A,0/MKHbI 6bITb HEPALIMBLIMU HA MPOTAXKEHUU BCEro 3Tana aKcnyatauun. ns cuctemol
3aKynoK oTcneXuBaemoctb 610K4YeilHa penaet Hag3op 6osnee Npo3payHbIM U IETKMM, OHA TaKXKe
MOXKeT COCTaBUTb NogpobHbIn rpaduk, utobbl sbexxatb gedonta [88]. Mpu onnate goctaBku (nepesos



6onblwnX cymm AeHexkHbIx cpeacts) / 6e3onacHoctu nnatexka (SOP) moeT 6biTb rapaHTMpOBaHa
6e30nacHOCTb U YCTPaHEHbl NAaTeXHble PUCKU. Mcnonb3oBaHMe BUPTYanbHOMW BalOTbl yCTpaHAeT
HeobxoauMocCTb B 6aHKHOTaX AWM Ha/IMUHBIX AeHbrax, CHUXasa 3aTpaTbl Ha pabouyio cuny. ITo TakkKe
MOXeT YMEHbLUUTb MPOCPOUYKY MaaTe)a M yperyamposaHue HeBbinosHeHuAa obsasatenbcts [31]. B
MHTErpupoBaHHOW  peanusaumm npoektos (IPD) 6sa0KYeliH nomoraeT B  CO34aHUMU
AeLUeHTPaNn30BaHHbIX, aBTOMaTU3UPOBaHHbLIX U 6e3onacHbiXx ¢uHaHcoBbix nnatdpopm [32], Ha
KOTOPbIX NOCTaBLMKKN AaHHbIX NOAYYalOT ONAATy, a N0/Ib30BaTe/IM NOAYYaloT AaHHble [92].

4.4. YcTtoitunsoe CTpoutenbCcTBo, 610KueiiH u BIM

MHTerpauma uudppoBbIX TEXHONOrMi, Takux Kak BIM un 6noKueitH, cnocobctBoBana uudpoBoii
TpaHchOpMaLUM IKONOrMYHbIX 38aHMKA [19]. U3 Tabauubl pe3ynbTaTtoB BUAHO, 4YTO CyliecTByer
HECKO/IbKO UCC/ie,0BaHUIA, B KOTOPbIX BCe TpU 06CyKAaloTCA BMecTe.

Ha atane npoeKTMpoBaHUA HEO6X0AUMO B L,e/IOM y4uUTbiBaTb MUHGOPMALUIO, CTPOUTE/IbHbIE 3HAHUA,
3KoNoruyeckue, coumnanbHble U SKOHOMUYecKue Bosgeiicteua [93]. Heobxogumo 06bvegUHUTL UL,
NPUHUMAIOLWUNX PeLLeHUA, HaA30PHbIX OPraHoB, WHBECTOPOB, NPOEKTUPOBLLUKOB, CTPOUTENbHbIX
KOMMAaHWiA, BNaAeNbLEB M APYrUX 3aMHTEPECOBAHHbIX CTOPOH ANA y4acTUA B NpoeKTuposaHuu BIM [8].
BIM uHTerpupyeTtca ¢ MOAeNblo NpoLecca YCTOMYMBOro NMPOeKTUpoBaHUA 3aaHui [71] gna cbopa
60onbLIOro KonnyecTsa HectabunbHo MHpopmauun. Mexay Tem, 610KUeiiH MmoKeT c6anaHcMpoBaTb
KOHPMAEHUMANbHOCTD U  AOCTYNHOCTb, 4TO6bl obecneunTb 6e3onacHylo nepegavy AaHHbIX
opraHusauuam uam yctpoiicteam [94]. /lio u ap. [95] ycTaHOBUAM B3aumocsAsb M posb BIM u
6n0KueiiHa B obecneyeHMU YCTOMUMBOCTU BO3MOKHOCTb YNpaBieHUA NPOEKTHOW MHopmauumen
34aHMA €  TOYKM 3PEHUA apXMUTEKTOpPOB, KOTOpas noAyepKMBAeT, KakK no/sb3oBaTenu
(3anMHTepecoBaHHble CTOPOHbLI MPOEKTOB YCTOWUYMBOro NPOEKTUPOBaHUA 34aHui [/ 3aKazuuku BIM)
ynpasaAoT.

C nomouwbto BIM npoeKT 6bin pa3paboTaH ¢ yHeTOM apXUTEKTYPHbIX U UHXKEHEPHbIX Tpe6oBaHMii BO
Bpems npepBapuTeNbHOro NpoekTuposaHua [73]. B npouecce moaenMpoBaHUA MoAesib NOCTOAHHO
ONTUMM3MUPYETCA, a 3afauu peLlaloTcA BoBpemA. ITO MOMKET npeacKkasyemo usbexkaTb MHOrux
npobaem, ¢ KOTOPbIMU CTANKUBAETCA TPALULMOHHBIN aPXUTEKTYPHDbIA AU3aliH U CTpouTenbCcTBo [96].
Hanpumep, nopaaoK CTpOUTENbCTBA, pa3mep, 6e30nacHOCTb, pasmelleHue, Bbibop matepuanos, popm
M 3KoN0orMyeckue npobnembl, Bbi3BaHHble MPOCTPAHCTBOM. PaHHee njaHMpoBaHMe 3TUX Npobnem
caenaeT nepBOHauyasbHbIM AM3aH 6onee CTaHAAPTU3UPOBAHHBLIM, U KaXK[as 3auMHTepecoBaHHaA
CTOPOHa CMOEeT NOHATb NPOLEeCcC NPOEKTUPOBAHUA, MPOACHUTb coaep:KaHue PaboTbl BCEX CTOPOH U
caenatb pabotry 6onee opraHuM3oBaHHOW. B TO Ke BpemA 6/10KYEeMH MOXKET MNPeaoCTaBAATb
COBMeCTUMbIe NPOTOKO/bl A4/1A BCEX NAapPTHepoB, YTobbl 06ecneuntb 3¢ peKTMBHOE aBTOPM3aLMOHHOE
B3aMMOZAENCTBUE MEXAY ML, aMU, MPUHMMAIOLMMU PELLEHUSA, NPOEKTUPOBLLMKAMU U CTPOUTENAMMU;
M XOpOLLO cnpaBaseTca ¢ npobaemamm B3aumoaencTemsa gaHHbix [97].

Ha atane cTpouTenbcTBa peMoHT 60s1ee 3HeproadppeKTUBEH, 3IKONOrMYecKu 6esonaceH 1 geluesne, Yem
HOoBbIX [68]. Tem He meHee, BIM HepocTaTOuHO 3penbiii, YTO6bl Noaaep:KMBaTb U 06HOBNATb
cywecTtsytoume BIM B npoeKTax peKOHCTPYKLU UK, U c6op AaHHDbIX ABaseTca npobnaemoii [63]. MosaTomy
OuYeHb BaXKHO NpPeAoCTaBUTb 6oraTylo cemMaHTUUECKYl0 6a3y AaHHbIX U MHTErpupPoBaTb Pas/IMuHbIEe
MUCTOYHUKM MHPopMaLmm [36]. Ucnonb3oBaHMe 3HaHUI B 061aCTU apXUTEKTYPHOro NPOEKTUPOBaAHUA
MOXeT noBbicUTb 3PPEeKTUBHOCTb pPeKOHCTpYKuun BIM [98]. [OnA u3HOWEHHbIX 3[aHUNA, He
COOTBETCTBYIOWMNX Tpe6oBaHMAM 3aKOHOLATeNbCTBA, MCMNONAb30BaHMe BIM ana pemoHTa umeer
OrpOMHbIN NOTeHLUaN aHeprocbepekeHusa [72].

Ha sTtane akcnayatauumn appeKTUBHbIE OnepaLMOoHHbIe AeHCTBUA MOTYT YAYUYLUIUTb CO34aHHYI0 cpeay U
no3Bo/UTb el umeTb 6onee MHTerpupoBaHHble PyHKUUK [99]. BnOKYelH MOXKeT peanusoBbiBaTb
TpaH3aKuuuM OT NPOAAK U onepauuii 40 pMHAHCUPOBAHUA M YNPABAEHUA, U3 KOTOPbIX CMaPT-KOHTPAKT
moxeT cbanaHcupoBaTb NpubbLIIb KaXKAO0ro MapTHepa M MHTepecbl KOMMNaHWM U No/Ab3oBaTteneid



OTKPbITbIM U NPO3payHbiM 06pasom [100]. LinpKynapHaa 3KOHOMMKA NPOXOAUT Yepe3 CTPOUTE/IbHYIO
OTpac/ib, COXPaHAA UCMO/Ib30BaHHbIE CTPOUTENbHbIE MaTepuasibl B KauecTse 6u61MoTeKn matepmanos
[101]. TopoacKkue meHepgKepbl M APXMTEKTOPbI 3HAKOMbI C MOBTOPHbIM MCMNO/Ib30BAHMEM 3TUX
CTPOMTENbHbIX MaTepuasoB. ITOT ONbIT MOMET YBE/JUYUTb PbIHOK MOBTOPHO MCNOJIb3yeMbIX
MaTepuanoB, COKPATUTb UCNOJ/Ib30BAHUE CbiPbA, COCPEAOTOUUTLCA HA IKONIOTUYECKUX NPEeUMYLLLeCTBAX
M cnocobcTBOBATb YCTOMUYMBOMY CTPOMUTENIbCTBY YMHbIX ropogoB. BIM u 610KuyeifH moryT nomoub
npoaHanu3npoBaTb Haubonee LeHHble maTepuasnbl ANA BTOPUYHOI nepepaboTtku [102].

UHTterpauma FM, BIM un 6n0KueiiHa MOXKET 3HAUMUTE/IbHO Y/IYUYLWIUTb BbINOJIHEHUE CTPOUTENbHbIX
NPOEKTOB M OKa3aTb NOMOLLb B YNPAB/IEHUN TEXHUUECKUM 06CnyKuBaHUeM U oueHKe 3PpPeKTUBHOCTH
ctpoutenbctea [35]. Mpu BHegpeHun BIM HeobxogmMmo uCNONb30BaTb BOCXO4AWMI noaxos M
rapaHTUPOBaTb, YTO BCE CTOPOHbI YYACTBYIOT B MIaHUPOBAHMUU, 2 YHACTHUKM 061a4a10T J,OCTAaTOUHbIM
NOHUMAHMEM U TeXHUYecKMm noteHumanom [103]. BnokueiH moxkeT nomoub BIM 3ddeKTuBHO
MUCNO/Ib30BaTb AaHHble ANA OOBEKTUBHOM OLEHKU NMPOEKTOB, MOAe/MpoBaHMA PaboTbl 3a4aHMA M
WUCMONb30BaHUA MOJIHOTO LUMKAA ANA NOBblWeEHUA o6Lliero KayecTBa CTPOUTE/IbHOTO MNPOEKTa M
OOCTUXKEHUA LLeNn 3aLiMTbl OKpYXKatoLwen cpeabl u 3¢ deKTMBHOro coxpaHeHua pecypcos [47,104].

5. BbiBOAbI

Llenb 3TOM CTaTby - U3YYUTb NOTEHLMANbHOE BAUAHME MHTErpauum 61oKueitHa n BIM B cpegy ymHoro
ropoga Ha NOBbllEHUE YCTOWYUBOCTM 3AaHMKA B KoHTeKkcte CIM / Smart Cities. 3ToT AOKyMeHT
3anpawuBaetr 6asy pgaHHbix Web of Science (WoS) ¢ KniouesBbiMuM cnoBamu AnA nNoJiyyeHUA
cooTBeTCTByIOWEN nybauKauum, a 3arem wucnosabdyetr VOSviewer Ana BU3yanbHOro aHanusa
B3auMMmocCBA3en mexay 6a10KuetHom, BIM 1 ycToMUMBBIM CTPOUTE/IbCTBOM B KOHTEKCTE YMHbIX ropo4oB
n CIM, uyto BbINO/HAETCA C NOMOLLbIO 6UBAIMOMETPUUECKMX OaHHbIX. aHaiu3 C Noc/aegyloWwmm
aHanNM3oM MUKpocxembl. OCHOBHbIMU BK/lafaMu U HOBOBBEAEHUAMM 3TOi CTaTbU ABAAIOTCA
cnepyowme: (1) 3To nepsBaa NonbITKa U3YUMTb B3aMMOCBA3b MmeXKay 610kueiiHom, BIM u ycToiiumnebim
CTPOUTENbCTBOM B YMHbIX ropogax u CIM c nomolubio 6ubnMomeTpuueckoro aHaan3a u aHasimsa cXxem.
(2) UHCTpyMeHT gnsa BU3yanmMsauum HaydHbix nyb6amkauyuin, VOSviewer, ucnonb3yeTtca gas NpoBeaeHus
MaKpoaHanusa. Metoa BU3yanunsauMu KAOYEBbIX CJI0B MOMKET NMPOosUTb CBET Ha 6s10KuYeiiH, BIM un
YCTOMUNBOE CTPOUTE/IbCTBO. ITO BKAIOUAET B ceb6A B3aMMOCBA3b MeXAy Tpems, TEHAEHLUIO pa3BUTUA,
ropsune TOYKU UCCNAEA0BaHUIA U NpunoXeHue, obecneuynBan HafeXKHbIA MeToA UccnesoBaHUA ANA
6yaywux uccnepgosaHuii. (3) Mo cpaBHEHUIO C CyLLECTBYIOWMMU aHANOrMUYHBIMKM Ny6auKauuamm, B
3TOM AOKyMeHTe 6onee nogpobHO 0bcyKaaeTcs, B TOM YMC/ie B3aMMOCBA3b U NpUuMeHeHue 610KYeiHa
n BIM, 65n0KueiiHa M ycTOMUMBOro cTpoutenbcTBa, 6a0KueiiHa M BIM, a TaKxe ycTroMumsoro
cTpoutenbctBa. (4) Mo cpaBHEHUIO C CYLLECTBYIOWMMM aHANOMMUYHbIMU NYyOAMKAUMAMM, 3TA CTaTbA
BKNIIOYAET B UCCNeAO0BaHUE MNPOEKT — CTPOUTENbCTBO — IKCNIyaTauMuA KU3HEHHOro LUMKANA 3[aHUA.
MonHoe uUccnepoBaHWe KU3HEHHOTO LMKAA MOMET NOMOYb AU3aiiHepam, KOHCTPYKTOpam, auuam,
NPUHUMAIOWMM pPeLueHUs, U PYKOBOAUTENAM, MUCMNOAb3YyHWMM HHPOPMaLUOHHbIE TEXHOJOTMUM.
NIOrMKa B CTPOUTENIbHOM OTPACAU ANA NPUHATUA 060CHOBAHHbIX NPOEKTHbIX peweHnid. YTo Kacaertca
CIM, X0Ta Ha JaHHDbIA MOMEHT NOJIYy4eHO MaJIo UCCeaoBaTeNbCKkux nybankaumii no CIM, npumeHeHue
CIM B ymHbIX ropogax byaer TeHaeHume B 6ygywem. basosas nnatpopma CIM - 310 HOBbIA TMN
MHOPACTPYKTYpPbl ANA YMHbIX FOPOAOB M BaXHbli UHCTPYMEHT ANA pacnpocTpaHeHusa 6onblueit
MHGOPMALMU U MHTE//IEKTyaNbHOro ynpasneHua ropogom. CIM o6beauHseTr Bce ropopgckue
NPOCTPaHCTBEHHbIe moaenu, BKkaA4vaa BIM, a TakXKe yHKUMM BU3yanusauum, aHaausa [aHHbIX U
napameTtpusauunu. OH MOXKeT HanpsAMyl noayyatb MHGOpMauuIo M3 BUPTyanbHO mogenun ana
yNyuylleHUs TOpPOACKOro pasBUTMA U NPeAoCTaB/ieHUA YCAYr rpa)kaaHam, uto umeeT 6o0sbluoe
3HayeHue pna 6onee ycToMumBoro pasBuTUa ropopos. MonyuveHHble Ny6auMKauMu npepcTaBAeHbl
KNOYEeBbIMW CNOBaMM, UYTO OrpaHMYMBAET AaHHble, nNpeacCTaB/eHHble B 3TOM [OKYMEHTe,
cogepKaHuem, cogeprawmmca B 6ase aaHHbix WoS. B 6yaywmx uccnegosaHuax byaer uMsyueHo



pacnpocTtpaHeHue BIM Ha 6onee wnpokuii cnektp CIM, a Takke U3yuyeHO NpakTUUEeCKoe NpUMeHeHue
CIM ans noaaepKku 6onee ycToiiuMBOro ropoacKoro pasBuTus.
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Pecypchl, Z.L .; KypupoBaHue gaHHbixX, Z.L. n Z.C .; NMcbmo - NoAroToBKa OPUrMHaNIbHOro YepHOBUKA,
3.1. n Z.C .; HannucaHue - NpocMoTp U pegakTuposaHue, Z.L., Z.C., M.O. n P.D .; Busyanusaums, Z.C .;
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®durHaHCMpOBaHUe

910 wuccneposaHue ¢uHaHcupoBanocb logoBbim npoektom «lnaHupoBaHue ¢unocopun u
couManbHbIX HayK ropoaa lNyaHuxkoy Ha 2020 rop»: rpaHT 2020GZYB12 n OnepauMoHHbiMU GOHAAMMU
dyHAameHTanbHbIX Hay4yHbIX uccneaoBaHuii HOXKHO-KUTAACKOro TeXHONOrMYeCKOro yHuBepcuteTa
(coumanbHble HayKu): (x2sjC2191370) Homep XYZD201928.

3aAB/IeHME UHCTUTYLMOHA/IbHOTO KOHTPOJIbHOIO coBeTa
HenpurogHbiii.
3aAB/eHMe 0 J0CTYNHOCTU AaHHbIX

B aTom uccnepoBaHuu 6blan npoaHanusupoBaHbl 06Wen0CTynHble Habopbl AaHHbIX. 3TU AaHHble
MOXHO HaliTh 3gecb: [https://login.webofknowledge.com].

bnarogapHocTu

ABTOpbI BblpaKaloT 61arogapHOCTb BceM, KTO noaaep)uMBaeT 3To uccaeposaHue. 3.J1. xoten 6bl
nobnarogaputb nesuya [:Kea Yoy, KOTOpblii BOOXHOBM/ €ro MHOroO JleT Ha3aa U 06beauHUN CBOWA
YHUKANbHbIA MY3blKa/IbHbIN CTU/Ib C KUTACKMMM U 3anagHblMU 3/IeMeHTamMM, YTo6bl C034aTb HOBYIO
My3blKaJIbHYIO 9KOCUCTEMY, KOTOpas NPOAO/XKaeT BAUATb Ha HacTosAwee U byayliee, YTo TO XKe camoe
C TeKyLMm 6/10KUeMiHOM U CTpouTeNbHOU MHPOpPMaLMen meHeaKepbl YMHbIX FOPOAOB Pa3BUBAIOTCA B
HanpaB/AeHUU YCTOUMBOro pasBUTHUA.

KoHGAUKT nHTepecos

ABTOpbl 06BABMAU, UTO HET HUKAKUX KOHPAUKTOB UHTepecoB. PUHaHCUpyOLWMe OpraHusauumn He
WUrpanun HUKaAKoM ponu B pa3paboTKe uccneaoBaHua; npu cbope, aHannse MU MHTePNpeTaL UM SaAHHDbIX;
NpY HaNUCaHMU PYKOMUCU UK B peLleHnn ony61MKoBaTb pe3ynbrar.

References

Yin, C.; Xiong, Z.; Chen, H.; Wang, J.; Cooper, D.; David, B. A literature survey on smart
cities. Sci. China Inf. Sci. 2015, 58, 1-18. [Google Scholar] [CrossRef]

Ibrahim, M.; El-Zaart, A.; Adams, C. Smart sustainable cities roadmap: Readiness for
transformation towards urban sustainability. Sustain. Cities Soc. 2018, 37, 530-540. [Google
Scholar] [CrossRef]

BSI  (British  Standards Institution). Smart Cities Overview—Guide. Available
online: http://shop.bsigroup.com/upload/Shop/Download/PAS/30313208-PD8100-

2015.pdf (accessed on 8 December 2020).


https://scholar.google.com/scholar_lookup?title=A+literature+survey+on+smart+cities&author=Yin,+C.&author=Xiong,+Z.&author=Chen,+H.&author=Wang,+J.&author=Cooper,+D.&author=David,+B.&publication_year=2015&journal=Sci.+China+Inf.+Sci.&volume=58&pages=1%E2%80%9318&doi=10.1007/s11432-015-5397-4
https://doi.org/10.1007/s11432-015-5397-4
https://scholar.google.com/scholar_lookup?title=Smart+sustainable+cities+roadmap:+Readiness+for+transformation+towards+urban+sustainability&author=Ibrahim,+M.&author=El-Zaart,+A.&author=Adams,+C.&publication_year=2018&journal=Sustain.+Cities+Soc.&volume=37&pages=530%E2%80%93540&doi=10.1016/j.scs.2017.10.008
https://scholar.google.com/scholar_lookup?title=Smart+sustainable+cities+roadmap:+Readiness+for+transformation+towards+urban+sustainability&author=Ibrahim,+M.&author=El-Zaart,+A.&author=Adams,+C.&publication_year=2018&journal=Sustain.+Cities+Soc.&volume=37&pages=530%E2%80%93540&doi=10.1016/j.scs.2017.10.008
https://doi.org/10.1016/j.scs.2017.10.008
http://shop.bsigroup.com/upload/Shop/Download/PAS/30313208-PD8100-2015.pdf
http://shop.bsigroup.com/upload/Shop/Download/PAS/30313208-PD8100-2015.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Cardullo, P.; Kitchin, R. Smart urbanism and smart citizenship: The neoliberal logic of ‘citizen-
focused’ smart cities in Europe. Environ. Plan. C Polit. Space 2019, 37, 813-830. [Google
Scholar] [CrossRef]

Greene, S.; Pettit, K.L.S. What If Cities Used Data to Drive Inclusive Neighborhood Change;
Urban Institute: Washington, DC, USA, 2016. [Google Scholar]

Desouza, K.C.; Hunter, M.; Jacob, B.; Yigitcanlar, T. Pathways to the Making of Prosperous Smart
Cities: An Exploratory Study on the Best Practice. J. Urban Technol. 2020, 27, 3-32. [Google
Scholar] [CrossRef]

Yigitcanlar, T.; Han, H.; Kamruzzaman, M.; loppolo, G.; Sabatini-Marques, J. The making of
smart cities: Are Songdo, Masdar, Amsterdam, San Francisco and Brisbane the best we could
build? Land Use Policy. 2019, 88, 104187. [Google Scholar] [CrossRef]

Angelo, H.; Vormann, B. Long waves of urban reform. City 2018, 22, 782-800. [Google Scholar]
[CrossRef]

Camerin, F. From “Ribera Plan” to “Diagonal Mar”, passing through 1992 “Vila Olimpica”. How
urban renewal took place as urban regeneration in Poblenou district (Barcelona). Land Use
Policy 2019, 89, 104226. [Google Scholar] [CrossRef]

Noori, N.; Hoppe, T.; De Jong, M. Classifying Pathways for Smart City Development: Comparing
Design, Governance and Implementation in Amsterdam, Barcelona, Dubai, and Abu
Dhabi. Sustainability 2020, 12, 4030. [Google Scholar] [CrossRef]

Laitinen, I.; Piazza, R.; Stenvall, J. Adaptive learning in smart cities—The cases of Catania and
Helsinki. J. Adult Contin. Educ. 2017, 23, 119-137. [Google Scholar] [CrossRef]

Yigitcanlar, T.; Baum, S.; Horton, S. Attracting and retaining knowledge workers in knowledge
cities. J. Knowl. Manag. 2007, 11, 6-17. [Google Scholar] [CrossRef]

Huston, S.; Warren, C. Knowledge city and urban economic resilience. J. Prop. Invest.
Financ. 2013, 31, 78-88. [Google Scholar] [CrossRef]

Hope, A. Creating sustainable cities through knowledge exchange. Int. J. Sustain. High.
Educ. 2016, 17, 796-811. [Google Scholar] [CrossRef]

March, H.; Ribera-Fumaz, R. Smart contradictions: The politics of making Barcelona a Self-
sufficient city. Eur. Urban. Reg. Stud. 2016, 23, 816-830. [Google Scholar] [CrossRef]

Gasco, M.; Trivellato, B.; Cavenago, D. How Do Southern European Cities Foster Innovation?
Lessons from the Experience of the Smart City Approaches of Barcelona and Milan. In Co-
Creating Digital Public Services for an Ageing Society; Springer Nature: Berlin, Germany, 2015;
Volume 11, pp. 191-206. [Google Scholar]

Bibri, S.E.; Krogstie, J. Environmentally data-driven smart sustainable cities: Applied innovative
solutions for energy efficiency, pollution reduction, and urban metabolism. Energy
Inform. 2020, 3, 1-59. [Google Scholar] [CrossRef]

Haarstad, H. Constructing the sustainable city: Examining the role of sustainability in the ‘smart
city’ discourse. J. Environ. Policy Plan. 2016, 19, 423-437. [Google Scholar] [CrossRef]
Lokshina, I.V.; Gregu§, M.; Thomas, W.L. Application of Integrated Building Information
Modeling, 10T and Blockchain Technologies in System Design of a Smart Building. Procedia
Comput. Sci. 2019, 160, 497-502. [Google Scholar] [CrossRef]

Li, Y.-W.; Cao, K. Establishment and application of intelligent city building information model
based on BP neural network model. Comput. Commun. 2020, 153, 382-389. [Google Scholar]
[CrossRef]

CIM Brain and CIM Digital Twin New Infrastructure White Paper. Available
online: https://mp.weixin.qg.com/s/R6maxZ2XtVRMgHUvTo7_EA (accessed on 15
December 2020).

Li, X.; Wu, P.; Shen, G.Q.; Wang, X.; Teng, Y. Mapping the knowledge domains of Building
Information Modeling (BIM): A bibliometric approach. Autom. Constr. 2017, 84, 195-206.
[Google Scholar] [CrossRef]


https://scholar.google.com/scholar_lookup?title=Smart+urbanism+and+smart+citizenship:+The+neoliberal+logic+of+%E2%80%98citizen-focused%E2%80%99+smart+cities+in+Europe&author=Cardullo,+P.&author=Kitchin,+R.&publication_year=2019&journal=Environ.+Plan.+C+Polit.+Space&volume=37&pages=813%E2%80%93830&doi=10.1177/0263774X18806508
https://scholar.google.com/scholar_lookup?title=Smart+urbanism+and+smart+citizenship:+The+neoliberal+logic+of+%E2%80%98citizen-focused%E2%80%99+smart+cities+in+Europe&author=Cardullo,+P.&author=Kitchin,+R.&publication_year=2019&journal=Environ.+Plan.+C+Polit.+Space&volume=37&pages=813%E2%80%93830&doi=10.1177/0263774X18806508
https://doi.org/10.1177/0263774X18806508
https://scholar.google.com/scholar_lookup?title=What+If+Cities+Used+Data+to+Drive+Inclusive+Neighborhood+Change&author=Greene,+S.&author=Pettit,+K.L.S.&publication_year=2016
https://scholar.google.com/scholar_lookup?title=Pathways+to+the+Making+of+Prosperous+Smart+Cities:+An+Exploratory+Study+on+the+Best+Practice&author=Desouza,+K.C.&author=Hunter,+M.&author=Jacob,+B.&author=Yigitcanlar,+T.&publication_year=2020&journal=J.+Urban+Technol.&volume=27&pages=3%E2%80%9332&doi=10.1080/10630732.2020.1807251
https://scholar.google.com/scholar_lookup?title=Pathways+to+the+Making+of+Prosperous+Smart+Cities:+An+Exploratory+Study+on+the+Best+Practice&author=Desouza,+K.C.&author=Hunter,+M.&author=Jacob,+B.&author=Yigitcanlar,+T.&publication_year=2020&journal=J.+Urban+Technol.&volume=27&pages=3%E2%80%9332&doi=10.1080/10630732.2020.1807251
https://doi.org/10.1080/10630732.2020.1807251
https://scholar.google.com/scholar_lookup?title=The+making+of+smart+cities:+Are+Songdo,+Masdar,+Amsterdam,+San+Francisco+and+Brisbane+the+best+we+could+build?&author=Yigitcanlar,+T.&author=Han,+H.&author=Kamruzzaman,+M.&author=Ioppolo,+G.&author=Sabatini-Marques,+J.&publication_year=2019&journal=Land+Use+Policy.&volume=88&pages=104187&doi=10.1016/j.landusepol.2019.104187
https://doi.org/10.1016/j.landusepol.2019.104187
https://scholar.google.com/scholar_lookup?title=Long+waves+of+urban+reform&author=Angelo,+H.&author=Vormann,+B.&publication_year=2018&journal=City&volume=22&pages=782%E2%80%93800&doi=10.1080/13604813.2018.1549850
https://doi.org/10.1080/13604813.2018.1549850
https://scholar.google.com/scholar_lookup?title=From+%E2%80%9CRibera+Plan%E2%80%9D+to+%E2%80%9CDiagonal+Mar%E2%80%9D,+passing+through+1992+%E2%80%9CVila+Ol%C3%ADmpica%E2%80%9D.+How+urban+renewal+took+place+as+urban+regeneration+in+Poblenou+district+(Barcelona)&author=Camerin,+F.&publication_year=2019&journal=Land+Use+Policy&volume=89&pages=104226&doi=10.1016/j.landusepol.2019.104226
https://doi.org/10.1016/j.landusepol.2019.104226
https://scholar.google.com/scholar_lookup?title=Classifying+Pathways+for+Smart+City+Development:+Comparing+Design,+Governance+and+Implementation+in+Amsterdam,+Barcelona,+Dubai,+and+Abu+Dhabi&author=Noori,+N.&author=Hoppe,+T.&author=De+Jong,+M.&publication_year=2020&journal=Sustainability&volume=12&pages=4030&doi=10.3390/su12104030
https://doi.org/10.3390/su12104030
https://scholar.google.com/scholar_lookup?title=Adaptive+learning+in+smart+cities%E2%80%94The+cases+of+Catania+and+Helsinki&author=Laitinen,+I.&author=Piazza,+R.&author=Stenvall,+J.&publication_year=2017&journal=J.+Adult+Contin.+Educ.&volume=23&pages=119%E2%80%93137&doi=10.1177/1477971417691781
https://doi.org/10.1177/1477971417691781
https://scholar.google.com/scholar_lookup?title=Attracting+and+retaining+knowledge+workers+in+knowledge+cities&author=Yigitcanlar,+T.&author=Baum,+S.&author=Horton,+S.&publication_year=2007&journal=J.+Knowl.+Manag.&volume=11&pages=6%E2%80%9317&doi=10.1108/13673270710819762
https://doi.org/10.1108/13673270710819762
https://scholar.google.com/scholar_lookup?title=Knowledge+city+and+urban+economic+resilience&author=Huston,+S.&author=Warren,+C.&publication_year=2013&journal=J.+Prop.+Invest.+Financ.&volume=31&pages=78%E2%80%9388&doi=10.1108/14635781311292980
https://doi.org/10.1108/14635781311292980
https://scholar.google.com/scholar_lookup?title=Creating+sustainable+cities+through+knowledge+exchange&author=Hope,+A.&publication_year=2016&journal=Int.+J.+Sustain.+High.+Educ.&volume=17&pages=796%E2%80%93811&doi=10.1108/IJSHE-04-2015-0079
https://doi.org/10.1108/IJSHE-04-2015-0079
https://scholar.google.com/scholar_lookup?title=Smart+contradictions:+The+politics+of+making+Barcelona+a+Self-sufficient+city&author=March,+H.&author=Ribera-Fumaz,+R.&publication_year=2016&journal=Eur.+Urban.+Reg.+Stud.&volume=23&pages=816%E2%80%93830&doi=10.1177/0969776414554488
https://doi.org/10.1177/0969776414554488
https://scholar.google.com/scholar_lookup?title=How+Do+Southern+European+Cities+Foster+Innovation?+Lessons+from+the+Experience+of+the+Smart+City+Approaches+of+Barcelona+and+Milan&author=Gasc%C3%B3,+M.&author=Trivellato,+B.&author=Cavenago,+D.&publication_year=2015&pages=191%E2%80%93206
https://scholar.google.com/scholar_lookup?title=Environmentally+data-driven+smart+sustainable+cities:+Applied+innovative+solutions+for+energy+efficiency,+pollution+reduction,+and+urban+metabolism&author=Bibri,+S.E.&author=Krogstie,+J.&publication_year=2020&journal=Energy+Inform.&volume=3&pages=1%E2%80%9359&doi=10.1186/s42162-020-00130-8
https://doi.org/10.1186/s42162-020-00130-8
https://scholar.google.com/scholar_lookup?title=Constructing+the+sustainable+city:+Examining+the+role+of+sustainability+in+the+%E2%80%98smart+city%E2%80%99+discourse&author=Haarstad,+H.&publication_year=2016&journal=J.+Environ.+Policy+Plan.&volume=19&pages=423%E2%80%93437&doi=10.1080/1523908X.2016.1245610
https://doi.org/10.1080/1523908X.2016.1245610
https://scholar.google.com/scholar_lookup?title=Application+of+Integrated+Building+Information+Modeling,+IoT+and+Blockchain+Technologies+in+System+Design+of+a+Smart+Building&author=Lokshina,+I.V.&author=Gregu%C5%A1,+M.&author=Thomas,+W.L.&publication_year=2019&journal=Procedia+Comput.+Sci.&volume=160&pages=497%E2%80%93502&doi=10.1016/j.procs.2019.11.058
https://doi.org/10.1016/j.procs.2019.11.058
https://scholar.google.com/scholar_lookup?title=Establishment+and+application+of+intelligent+city+building+information+model+based+on+BP+neural+network+model&author=Li,+Y.-W.&author=Cao,+K.&publication_year=2020&journal=Comput.+Commun.&volume=153&pages=382%E2%80%93389&doi=10.1016/j.comcom.2020.02.013
https://doi.org/10.1016/j.comcom.2020.02.013
https://mp.weixin.qq.com/s/R6maxZ2XtVRMgHUvTo7_EA
https://scholar.google.com/scholar_lookup?title=Mapping+the+knowledge+domains+of+Building+Information+Modeling+(BIM):+A+bibliometric+approach&author=Li,+X.&author=Wu,+P.&author=Shen,+G.Q.&author=Wang,+X.&author=Teng,+Y.&publication_year=2017&journal=Autom.+Constr.&volume=84&pages=195%E2%80%93206&doi=10.1016/j.autcon.2017.09.011
https://doi.org/10.1016/j.autcon.2017.09.011

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Falcdo, G.; Beirdo, J. Design Narrative and City Information Modeling. In Advances in Intelligent
Systems and Computing; Springer Science and Business Media LLC: Berlin, Germany, 2020; pp.
142-147. [Google Scholar]

Passer, A.; Wall, J.; Kreiner, H.; Maydl, P.; Hofler, K. Sustainable buildings, construction products
and technologies: Linking research and construction practice. Int. J. Life Cycle Assess. 2014, 20,
1-8. [Google Scholar] [CrossRef]

Nawari, N.O.; Ravindran, S. Blockchain and the built environment: Potentials and limitations. J.
Build. Eng. 2019, 25, 100832. [Google Scholar] [CrossRef]

Perera, S.; Nanayakkara, S.; Rodrigo, M.; Senaratne, S.; Weinand, R. Blockchain technology: Is
it hype or real in the construction industry? J. Ind. Inf. Integr. 2020, 17, 100125. [Google Scholar]
[CrossRef]

Penzes, B. Blockchain Technology in the Construction Industry; Institution of Civil Engineers:
Westminster, London, UK, 2018; pp. 1-53. [Google Scholar] [CrossRef]

Wong, J.K.W.; Zhou, J. Enhancing environmental sustainability over building life cycles through
green BIM: A review. Autom. Constr. 2015, 57, 156-165. [Google Scholar] [CrossRef]

Xue, F.; Lu, W. A semantic differential transaction approach to minimizing information
redundancy for BIM and blockchain integration. Autom. Constr. 2020, 118, 103270. [Google
Scholar] [CrossRef]

Hunhevicz, J.J.; Hall, D.M. Do you need a blockchain in construction? Use case categories and
decision framework for DLT design options. Adv. Eng. Inform. 2020, 45, 101094. [Google
Scholar] [CrossRef]

Chong, H.-Y.; Diamantopoulos, A. Integrating advanced technologies to uphold security of
payment: Data flow diagram. Autom. Constr. 2020, 114, 103158. [Google Scholar] [CrossRef]
Elghaish, F.; Abrishami, S.; Hosseini, M.R. Integrated project delivery with blockchain: An
automated financial system. Autom. Constr. 2020, 114, 103182. [Google Scholar] [CrossRef]
Turk, Z.; Klinc, R. Potentials of Blockchain Technology for Construction Management. Procedia
Eng. 2017, 196, 638-645. [Google Scholar] [CrossRef]

Chen, C.; Tang, L. BIM-based integrated management workflow design for schedule and cost
planning of building fabric maintenance. Autom. Constr. 2019, 107, 102944. [Google Scholar]
[CrossRef]

Marmo, R.; Polverino, F.; Nicolella, M.; Tibaut, A. Building performance and maintenance
information model based on IFC schema. Autom. Constr. 2020, 118, 103275. [Google Scholar]
[CrossRef]

Matarneh, S.T.; Danso-Amoako, M.; Al-Bizri, S.; Gaterell, M.; Matarneh, R. Building information
modeling for facilities management: A literature review and future research directions. J. Build.
Eng. 2019, 24, 100755. [Google Scholar] [CrossRef]

Habibi, S. Micro-climatization and real-time digitalization effects on energy efficiency based on
user behavior. Build. Environ. 2017, 114, 410-428. [Google Scholar] [CrossRef]

Kang, T.-W.; Choi, H.-S. BIM perspective definition metadata for interworking facility
management data. Adv. Eng. Inform. 2015, 29, 958-970. [Google Scholar] [CrossRef]

Kim, K.; Kim, H.; Kim, W.; Kim, C.; Kim, J.; Yu, J. Integration of ifc objects and facility
management work information using Semantic Web. Autom. Constr. 2018, 87, 173-187. [Google
Scholar] [CrossRef]

Lin, Y.-C.; Lin, C.-P.; Hu, H.-T.; Su, Y.-C. Developing final as-built BIM model management
system for owners during project closeout: A case study. Adv. Eng. Inform. 2018, 36, 178-193.
[Google Scholar] [CrossRef]

Chen, W.; Chen, K.; Cheng, J.C.; Wang, Q.; Gan, V.J. BIM-based framework for automatic
scheduling of facility maintenance work orders. Autom. Constr. 2018, 91, 15-30. [Google
Scholar] [CrossRef]

Oti, A.; Kurul, E.; Cheung, F.; Tah, J. A framework for the utilization of Building Management
System data in building information models for building design and operation. Autom.
Constr. 2016, 72, 195-210. [Google Scholar] [CrossRef]


https://scholar.google.com/scholar_lookup?title=Design+Narrative+and+City+Information+Modeling&author=Falc%C3%A3o,+G.&author=Beir%C3%A3o,+J.&publication_year=2020&pages=142%E2%80%93147
https://scholar.google.com/scholar_lookup?title=Sustainable+buildings,+construction+products+and+technologies:+Linking+research+and+construction+practice&author=Passer,+A.&author=Wall,+J.&author=Kreiner,+H.&author=Maydl,+P.&author=H%C3%B6fler,+K.&publication_year=2014&journal=Int.+J.+Life+Cycle+Assess.&volume=20&pages=1%E2%80%938&doi=10.1007/s11367-014-0820-4
https://doi.org/10.1007/s11367-014-0820-4
https://scholar.google.com/scholar_lookup?title=Blockchain+and+the+built+environment:+Potentials+and+limitations&author=Nawari,+N.O.&author=Ravindran,+S.&publication_year=2019&journal=J.+Build.+Eng.&volume=25&pages=100832&doi=10.1016/j.jobe.2019.100832
https://doi.org/10.1016/j.jobe.2019.100832
https://scholar.google.com/scholar_lookup?title=Blockchain+technology:+Is+it+hype+or+real+in+the+construction+industry?&author=Perera,+S.&author=Nanayakkara,+S.&author=Rodrigo,+M.&author=Senaratne,+S.&author=Weinand,+R.&publication_year=2020&journal=J.+Ind.+Inf.+Integr.&volume=17&pages=100125&doi=10.1016/j.jii.2020.100125
https://doi.org/10.1016/j.jii.2020.100125
https://scholar.google.com/scholar_lookup?title=Blockchain+Technology+in+the+Construction+Industry&author=Penzes,+B.&publication_year=2018
https://doi.org/10.13140/RG.2.2.14164.45443
https://scholar.google.com/scholar_lookup?title=Enhancing+environmental+sustainability+over+building+life+cycles+through+green+BIM:+A+review&author=Wong,+J.K.W.&author=Zhou,+J.&publication_year=2015&journal=Autom.+Constr.&volume=57&pages=156%E2%80%93165&doi=10.1016/j.autcon.2015.06.003
https://doi.org/10.1016/j.autcon.2015.06.003
https://scholar.google.com/scholar_lookup?title=A+semantic+differential+transaction+approach+to+minimizing+information+redundancy+for+BIM+and+blockchain+integration&author=Xue,+F.&author=Lu,+W.&publication_year=2020&journal=Autom.+Constr.&volume=118&pages=103270&doi=10.1016/j.autcon.2020.103270
https://scholar.google.com/scholar_lookup?title=A+semantic+differential+transaction+approach+to+minimizing+information+redundancy+for+BIM+and+blockchain+integration&author=Xue,+F.&author=Lu,+W.&publication_year=2020&journal=Autom.+Constr.&volume=118&pages=103270&doi=10.1016/j.autcon.2020.103270
https://doi.org/10.1016/j.autcon.2020.103270
https://scholar.google.com/scholar_lookup?title=Do+you+need+a+blockchain+in+construction?+Use+case+categories+and+decision+framework+for+DLT+design+options&author=Hunhevicz,+J.J.&author=Hall,+D.M.&publication_year=2020&journal=Adv.+Eng.+Inform.&volume=45&pages=101094&doi=10.1016/j.aei.2020.101094
https://scholar.google.com/scholar_lookup?title=Do+you+need+a+blockchain+in+construction?+Use+case+categories+and+decision+framework+for+DLT+design+options&author=Hunhevicz,+J.J.&author=Hall,+D.M.&publication_year=2020&journal=Adv.+Eng.+Inform.&volume=45&pages=101094&doi=10.1016/j.aei.2020.101094
https://doi.org/10.1016/j.aei.2020.101094
https://scholar.google.com/scholar_lookup?title=Integrating+advanced+technologies+to+uphold+security+of+payment:+Data+flow+diagram&author=Chong,+H.-Y.&author=Diamantopoulos,+A.&publication_year=2020&journal=Autom.+Constr.&volume=114&pages=103158&doi=10.1016/j.autcon.2020.103158
https://doi.org/10.1016/j.autcon.2020.103158
https://scholar.google.com/scholar_lookup?title=Integrated+project+delivery+with+blockchain:+An+automated+financial+system&author=Elghaish,+F.&author=Abrishami,+S.&author=Hosseini,+M.R.&publication_year=2020&journal=Autom.+Constr.&volume=114&pages=103182&doi=10.1016/j.autcon.2020.103182
https://doi.org/10.1016/j.autcon.2020.103182
https://scholar.google.com/scholar_lookup?title=Potentials+of+Blockchain+Technology+for+Construction+Management&author=Turk,+%C5%BD.&author=Klinc,+R.&publication_year=2017&journal=Procedia+Eng.&volume=196&pages=638%E2%80%93645&doi=10.1016/j.proeng.2017.08.052
https://doi.org/10.1016/j.proeng.2017.08.052
https://scholar.google.com/scholar_lookup?title=BIM-based+integrated+management+workflow+design+for+schedule+and+cost+planning+of+building+fabric+maintenance&author=Chen,+C.&author=Tang,+L.&publication_year=2019&journal=Autom.+Constr.&volume=107&pages=102944&doi=10.1016/j.autcon.2019.102944
https://doi.org/10.1016/j.autcon.2019.102944
https://scholar.google.com/scholar_lookup?title=Building+performance+and+maintenance+information+model+based+on+IFC+schema&author=Marmo,+R.&author=Polverino,+F.&author=Nicolella,+M.&author=Tibaut,+A.&publication_year=2020&journal=Autom.+Constr.&volume=118&pages=103275&doi=10.1016/j.autcon.2020.103275
https://doi.org/10.1016/j.autcon.2020.103275
https://scholar.google.com/scholar_lookup?title=Building+information+modeling+for+facilities+management:+A+literature+review+and+future+research+directions&author=Matarneh,+S.T.&author=Danso-Amoako,+M.&author=Al-Bizri,+S.&author=Gaterell,+M.&author=Matarneh,+R.&publication_year=2019&journal=J.+Build.+Eng.&volume=24&pages=100755&doi=10.1016/j.jobe.2019.100755
https://doi.org/10.1016/j.jobe.2019.100755
https://scholar.google.com/scholar_lookup?title=Micro-climatization+and+real-time+digitalization+effects+on+energy+efficiency+based+on+user+behavior&author=Habibi,+S.&publication_year=2017&journal=Build.+Environ.&volume=114&pages=410%E2%80%93428&doi=10.1016/j.buildenv.2016.12.039
https://doi.org/10.1016/j.buildenv.2016.12.039
https://scholar.google.com/scholar_lookup?title=BIM+perspective+definition+metadata+for+interworking+facility+management+data&author=Kang,+T.-W.&author=Choi,+H.-S.&publication_year=2015&journal=Adv.+Eng.+Inform.&volume=29&pages=958%E2%80%93970&doi=10.1016/j.aei.2015.09.004
https://doi.org/10.1016/j.aei.2015.09.004
https://scholar.google.com/scholar_lookup?title=Integration+of+ifc+objects+and+facility+management+work+information+using+Semantic+Web&author=Kim,+K.&author=Kim,+H.&author=Kim,+W.&author=Kim,+C.&author=Kim,+J.&author=Yu,+J.&publication_year=2018&journal=Autom.+Constr.&volume=87&pages=173%E2%80%93187&doi=10.1016/j.autcon.2017.12.019
https://scholar.google.com/scholar_lookup?title=Integration+of+ifc+objects+and+facility+management+work+information+using+Semantic+Web&author=Kim,+K.&author=Kim,+H.&author=Kim,+W.&author=Kim,+C.&author=Kim,+J.&author=Yu,+J.&publication_year=2018&journal=Autom.+Constr.&volume=87&pages=173%E2%80%93187&doi=10.1016/j.autcon.2017.12.019
https://doi.org/10.1016/j.autcon.2017.12.019
https://scholar.google.com/scholar_lookup?title=Developing+final+as-built+BIM+model+management+system+for+owners+during+project+closeout:+A+case+study&author=Lin,+Y.-C.&author=Lin,+C.-P.&author=Hu,+H.-T.&author=Su,+Y.-C.&publication_year=2018&journal=Adv.+Eng.+Inform.&volume=36&pages=178%E2%80%93193&doi=10.1016/j.aei.2018.04.001
https://doi.org/10.1016/j.aei.2018.04.001
https://scholar.google.com/scholar_lookup?title=BIM-based+framework+for+automatic+scheduling+of+facility+maintenance+work+orders&author=Chen,+W.&author=Chen,+K.&author=Cheng,+J.C.&author=Wang,+Q.&author=Gan,+V.J.&publication_year=2018&journal=Autom.+Constr.&volume=91&pages=15%E2%80%9330&doi=10.1016/j.autcon.2018.03.007
https://scholar.google.com/scholar_lookup?title=BIM-based+framework+for+automatic+scheduling+of+facility+maintenance+work+orders&author=Chen,+W.&author=Chen,+K.&author=Cheng,+J.C.&author=Wang,+Q.&author=Gan,+V.J.&publication_year=2018&journal=Autom.+Constr.&volume=91&pages=15%E2%80%9330&doi=10.1016/j.autcon.2018.03.007
https://doi.org/10.1016/j.autcon.2018.03.007
https://scholar.google.com/scholar_lookup?title=A+framework+for+the+utilization+of+Building+Management+System+data+in+building+information+models+for+building+design+and+operation&author=Oti,+A.&author=Kurul,+E.&author=Cheung,+F.&author=Tah,+J.&publication_year=2016&journal=Autom.+Constr.&volume=72&pages=195%E2%80%93210&doi=10.1016/j.autcon.2016.08.043
https://doi.org/10.1016/j.autcon.2016.08.043

43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

Wong, J.K.W.; Ge, J.; He, S.X. Digitisation in facilities management: A literature review and
future research directions. Autom. Constr. 2018, 92, 312-326. [Google Scholar] [CrossRef]
Chen, L.; Shi, P.; Tang, Q.; Liu, W.; Wu, Q. Development and application of a specification-
compliant highway tunnel facility management system based on BIM. Tunn. Undergr. Space
Technol. 2020, 97, 103262. [Google Scholar] [CrossRef]

Gao, X.; Pishdad-Bozorgi, P. BIM-enabled facilities operation and maintenance: A review. Adv.
Eng. Inform. 2019, 39, 227-247. [Google Scholar] [CrossRef]

Shen, W.; Hao, Q.; Xue, Y. A loosely coupled system integration approach for decision support
in facility management and maintenance. Autom. Constr. 2012, 25, 41-48. [Google Scholar]
[CrossRef]

Jin, R.; Zhong, B.; Ma, L.; Hashemi, A.; Ding, L. Integrating BIM with building performance
analysis in project life-cycle. Autom. Constr. 2019, 106, 102861. [Google Scholar] [CrossRef]
Sheikhnejad, Y.; Yigitcanlar, T. Scientific Landscape of Sustainable Urban and Rural Areas
Research: A Systematic Scientometric Analysis. Sustainability 2020, 12, 1293. [Google Scholar]
[CrossRef]

Faisal, A.; Yigitcanlar, T.; Kamruzzaman, M.; Paz, A. Mapping Two Decades of Autonomous
Vehicle Research: A Systematic Scientometric Analysis. J. Urban Technol. 2020, 1-30. [Google
Scholar] [CrossRef]

Noh, H.; Jo, Y.; Lee, S. Keyword selection and processing strategy for applying text mining to
patent analysis. Expert Syst. Appl. 2015, 42, 4348-4360. [Google Scholar] [CrossRef]

Yu, X.; Yu, Z.; Liu, Y.; Shi, H. CI-Rank: Collective importance ranking for keyword search in
databases. Inf. Sci. 2017, 384, 1-20. [Google Scholar] [CrossRef]

Biswas, S.K.; Bordoloi, M.; Shreya, J. A graph based keyword extraction model using collective
node weight. Expert Syst. Appl. 2018, 97, 51-59. [Google Scholar] [CrossRef]

Faust, O. Documenting and predicting topic changes in Computers in Biology and Medicine: A
bibliometric keyword analysis from 1990 to 2017. Inform. Med. Unlocked 2018, 11, 15-27.
[Google Scholar] [CrossRef]

Meharwade, A.; Patil, G. Efficient Keyword Search over Encrypted Cloud Data. Procedia
Comput. Sci. 2016, 78, 139-145. [Google Scholar] [CrossRef]

Bonci, A.; Carbonari, A.; Cucchiarelli, A.; Messi, L.; Pirani, M.; Vaccarini, M. A cyber-physical
system approach for building efficiency monitoring. Autom. Constr. 2019, 102, 68-85. [Google
Scholar] [CrossRef]

Jones, B. Integrated Project Delivery (IPD) for Maximizing Design and Construction
Considerations Regarding Sustainability. Procedia Eng. 2014, 95, 528-538. [Google Scholar]
[CrossRef]

Tang, S.; Shelden, D.R.; Eastman, C.M.; Pishdad-Bozorgi, P.; Gao, X. A review of building
information modeling (BIM) and the internet of things (loT) devices integration: Present status
and future trends. Autom. Constr. 2019, 101, 127-139. [Google Scholar] [CrossRef]

Zadeh, P.A.; Wang, G.; Cavka, H.B.; Staub-French, S.; Pottinger, R. Information Quality
Assessment for Facility Management. Adv. Eng. Inform. 2017, 33, 181-205. [Google Scholar]
[CrossRef]

Nicat, A.; Wodynski, W. Enhancing Facility Management through BIM 6D. Procedia
Eng. 2016, 164, 299-306. [Google Scholar] [CrossRef]

Olawumi, T.0.; Chan, D.W.; Wong, J.K.; Chan, A.P. Barriers to the integration of BIM and
sustainability practices in construction projects: A Delphi survey of international experts. J. Build.
Eng. 2018, 20, 60-71. [Google Scholar] [CrossRef]

Olawumi, T.O.; Chan, D.W. Concomitant impediments to the implementation of smart sustainable
practices in the built environment. Sustain. Prod. Consum. 2020, 21, 239-251. [Google Scholar]
[CrossRef]

Jrade, A.; Jalaei, F. Integrating building information modelling with sustainability to design
building projects at the conceptual stage. Build. Simul. 2013, 6, 429-444. [Google Scholar]
[CrossRef]


https://scholar.google.com/scholar_lookup?title=Digitisation+in+facilities+management:+A+literature+review+and+future+research+directions&author=Wong,+J.K.W.&author=Ge,+J.&author=He,+S.X.&publication_year=2018&journal=Autom.+Constr.&volume=92&pages=312%E2%80%93326&doi=10.1016/j.autcon.2018.04.006
https://doi.org/10.1016/j.autcon.2018.04.006
https://scholar.google.com/scholar_lookup?title=Development+and+application+of+a+specification-compliant+highway+tunnel+facility+management+system+based+on+BIM&author=Chen,+L.&author=Shi,+P.&author=Tang,+Q.&author=Liu,+W.&author=Wu,+Q.&publication_year=2020&journal=Tunn.+Undergr.+Space+Technol.&volume=97&pages=103262&doi=10.1016/j.tust.2019.103262
https://doi.org/10.1016/j.tust.2019.103262
https://scholar.google.com/scholar_lookup?title=BIM-enabled+facilities+operation+and+maintenance:+A+review&author=Gao,+X.&author=Pishdad-Bozorgi,+P.&publication_year=2019&journal=Adv.+Eng.+Inform.&volume=39&pages=227%E2%80%93247&doi=10.1016/j.aei.2019.01.005
https://doi.org/10.1016/j.aei.2019.01.005
https://scholar.google.com/scholar_lookup?title=A+loosely+coupled+system+integration+approach+for+decision+support+in+facility+management+and+maintenance&author=Shen,+W.&author=Hao,+Q.&author=Xue,+Y.&publication_year=2012&journal=Autom.+Constr.&volume=25&pages=41%E2%80%9348&doi=10.1016/j.autcon.2012.04.003
https://doi.org/10.1016/j.autcon.2012.04.003
https://scholar.google.com/scholar_lookup?title=Integrating+BIM+with+building+performance+analysis+in+project+life-cycle&author=Jin,+R.&author=Zhong,+B.&author=Ma,+L.&author=Hashemi,+A.&author=Ding,+L.&publication_year=2019&journal=Autom.+Constr.&volume=106&pages=102861&doi=10.1016/j.autcon.2019.102861
https://doi.org/10.1016/j.autcon.2019.102861
https://scholar.google.com/scholar_lookup?title=Scientific+Landscape+of+Sustainable+Urban+and+Rural+Areas+Research:+A+Systematic+Scientometric+Analysis&author=Sheikhnejad,+Y.&author=Yigitcanlar,+T.&publication_year=2020&journal=Sustainability&volume=12&pages=1293&doi=10.3390/su12041293
https://doi.org/10.3390/su12041293
https://scholar.google.com/scholar_lookup?title=Mapping+Two+Decades+of+Autonomous+Vehicle+Research:+A+Systematic+Scientometric+Analysis&author=Faisal,+A.&author=Yigitcanlar,+T.&author=Kamruzzaman,+M.&author=Paz,+A.&publication_year=2020&journal=J.+Urban+Technol.&pages=1%E2%80%9330&doi=10.1080/10630732.2020.1780868
https://scholar.google.com/scholar_lookup?title=Mapping+Two+Decades+of+Autonomous+Vehicle+Research:+A+Systematic+Scientometric+Analysis&author=Faisal,+A.&author=Yigitcanlar,+T.&author=Kamruzzaman,+M.&author=Paz,+A.&publication_year=2020&journal=J.+Urban+Technol.&pages=1%E2%80%9330&doi=10.1080/10630732.2020.1780868
https://doi.org/10.1080/10630732.2020.1780868
https://scholar.google.com/scholar_lookup?title=Keyword+selection+and+processing+strategy+for+applying+text+mining+to+patent+analysis&author=Noh,+H.&author=Jo,+Y.&author=Lee,+S.&publication_year=2015&journal=Expert+Syst.+Appl.&volume=42&pages=4348%E2%80%934360&doi=10.1016/j.eswa.2015.01.050
https://doi.org/10.1016/j.eswa.2015.01.050
https://scholar.google.com/scholar_lookup?title=CI-Rank:+Collective+importance+ranking+for+keyword+search+in+databases&author=Yu,+X.&author=Yu,+Z.&author=Liu,+Y.&author=Shi,+H.&publication_year=2017&journal=Inf.+Sci.&volume=384&pages=1%E2%80%9320&doi=10.1016/j.ins.2016.12.022
https://doi.org/10.1016/j.ins.2016.12.022
https://scholar.google.com/scholar_lookup?title=A+graph+based+keyword+extraction+model+using+collective+node+weight&author=Biswas,+S.K.&author=Bordoloi,+M.&author=Shreya,+J.&publication_year=2018&journal=Expert+Syst.+Appl.&volume=97&pages=51%E2%80%9359&doi=10.1016/j.eswa.2017.12.025
https://doi.org/10.1016/j.eswa.2017.12.025
https://scholar.google.com/scholar_lookup?title=Documenting+and+predicting+topic+changes+in+Computers+in+Biology+and+Medicine:+A+bibliometric+keyword+analysis+from+1990+to+2017&author=Faust,+O.&publication_year=2018&journal=Inform.+Med.+Unlocked&volume=11&pages=15%E2%80%9327&doi=10.1016/j.imu.2018.03.002
https://doi.org/10.1016/j.imu.2018.03.002
https://scholar.google.com/scholar_lookup?title=Efficient+Keyword+Search+over+Encrypted+Cloud+Data&author=Meharwade,+A.&author=Patil,+G.&publication_year=2016&journal=Procedia+Comput.+Sci.&volume=78&pages=139%E2%80%93145&doi=10.1016/j.procs.2016.02.023
https://doi.org/10.1016/j.procs.2016.02.023
https://scholar.google.com/scholar_lookup?title=A+cyber-physical+system+approach+for+building+efficiency+monitoring&author=Bonci,+A.&author=Carbonari,+A.&author=Cucchiarelli,+A.&author=Messi,+L.&author=Pirani,+M.&author=Vaccarini,+M.&publication_year=2019&journal=Autom.+Constr.&volume=102&pages=68%E2%80%9385&doi=10.1016/j.autcon.2019.02.010
https://scholar.google.com/scholar_lookup?title=A+cyber-physical+system+approach+for+building+efficiency+monitoring&author=Bonci,+A.&author=Carbonari,+A.&author=Cucchiarelli,+A.&author=Messi,+L.&author=Pirani,+M.&author=Vaccarini,+M.&publication_year=2019&journal=Autom.+Constr.&volume=102&pages=68%E2%80%9385&doi=10.1016/j.autcon.2019.02.010
https://doi.org/10.1016/j.autcon.2019.02.010
https://scholar.google.com/scholar_lookup?title=Integrated+Project+Delivery+(IPD)+for+Maximizing+Design+and+Construction+Considerations+Regarding+Sustainability&author=Jones,+B.&publication_year=2014&journal=Procedia+Eng.&volume=95&pages=528%E2%80%93538&doi=10.1016/j.proeng.2014.12.214
https://doi.org/10.1016/j.proeng.2014.12.214
https://scholar.google.com/scholar_lookup?title=A+review+of+building+information+modeling+(BIM)+and+the+internet+of+things+(IoT)+devices+integration:+Present+status+and+future+trends&author=Tang,+S.&author=Shelden,+D.R.&author=Eastman,+C.M.&author=Pishdad-Bozorgi,+P.&author=Gao,+X.&publication_year=2019&journal=Autom.+Constr.&volume=101&pages=127%E2%80%93139&doi=10.1016/j.autcon.2019.01.020
https://doi.org/10.1016/j.autcon.2019.01.020
https://scholar.google.com/scholar_lookup?title=Information+Quality+Assessment+for+Facility+Management&author=Zadeh,+P.A.&author=Wang,+G.&author=Cavka,+H.B.&author=Staub-French,+S.&author=Pottinger,+R.&publication_year=2017&journal=Adv.+Eng.+Inform.&volume=33&pages=181%E2%80%93205&doi=10.1016/j.aei.2017.06.003
https://doi.org/10.1016/j.aei.2017.06.003
https://scholar.google.com/scholar_lookup?title=Enhancing+Facility+Management+through+BIM+6D&author=Nica%C5%82,+A.&author=Wody%C5%84ski,+W.&publication_year=2016&journal=Procedia+Eng.&volume=164&pages=299%E2%80%93306&doi=10.1016/j.proeng.2016.11.623
https://doi.org/10.1016/j.proeng.2016.11.623
https://scholar.google.com/scholar_lookup?title=Barriers+to+the+integration+of+BIM+and+sustainability+practices+in+construction+projects:+A+Delphi+survey+of+international+experts&author=Olawumi,+T.O.&author=Chan,+D.W.&author=Wong,+J.K.&author=Chan,+A.P.&publication_year=2018&journal=J.+Build.+Eng.&volume=20&pages=60%E2%80%9371&doi=10.1016/j.jobe.2018.06.017
https://doi.org/10.1016/j.jobe.2018.06.017
https://scholar.google.com/scholar_lookup?title=Concomitant+impediments+to+the+implementation+of+smart+sustainable+practices+in+the+built+environment&author=Olawumi,+T.O.&author=Chan,+D.W.&publication_year=2020&journal=Sustain.+Prod.+Consum.&volume=21&pages=239%E2%80%93251&doi=10.1016/j.spc.2019.09.001
https://doi.org/10.1016/j.spc.2019.09.001
https://scholar.google.com/scholar_lookup?title=Integrating+building+information+modelling+with+sustainability+to+design+building+projects+at+the+conceptual+stage&author=Jrade,+A.&author=Jalaei,+F.&publication_year=2013&journal=Build.+Simul.&volume=6&pages=429%E2%80%93444&doi=10.1007/s12273-013-0120-0
https://doi.org/10.1007/s12273-013-0120-0

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Khaddaj, M.; Srour, 1. Using BIM to Retrofit Existing Buildings. Procedia Eng. 2016, 145, 1526—
1533. [Google Scholar] [CrossRef]

Li, J.; Greenwood, D.; Kassem, M. Blockchain in the built environment and construction industry:
A systematic review, conceptual models and practical use cases. Autom. Constr. 2019, 102, 288—
307. [Google Scholar] [CrossRef]

Ge, C.; Liu, Z.; Fang, L. A blockchain based decentralized data security mechanism for the Internet
of Things. J. Parallel Distrib. Comput. 2020, 141, 1-9. [Google Scholar] [CrossRef]
Bonenberg, W.; Wei, X. Green BIM in Sustainable Infrastructure. Procedia Manuf. 2015, 3,
1654-1659. [Google Scholar] [CrossRef]

Yilmaz, G.; Akcamete, A.; Demirors, O. A reference model for BIM capability
assessments. Autom. Constr. 2019, 101, 245-263. [Google Scholar] [CrossRef]

Capeluto, I.G.; Ben-Avraham, O. Assessing the green potential of existing buildings towards smart
cities and districts. Indoor Built Environ. 2016, 25, 1124-1135. [Google Scholar] [CrossRef]
Cheshmehzangi, A. Feasibility Study of Songao’s Low Carbon Town Planning, China. Energy
Procedia 2016, 88, 313-320. [Google Scholar] [CrossRef]

Kylili, A.; Fokaides, P.A. European smart cities: The role of zero energy buildings. Sustain. Cities
Soc. 2015, 15, 86-95. [Google Scholar] [CrossRef]

Stipo, F.J.F. A Standard Design Process for Sustainable Design. Procedia Comput. Sci. 2015, 52,
746-753. [Google Scholar] [CrossRef]

Ustinovichius, L.; Popov, V.; Cepurnaite, J.; Vilutiené, T.; Samofalov, M.; Miedziatowski, C.
BIM-based process management model for building design and refurbishment. Arch. Civ. Mech.
Eng. 2018, 18, 1136-1149. [Google Scholar] [CrossRef]

Ghosh, S. Smart homes: Architectural and engineering design imperatives for smart city building
codes. In Proceedings of the 2018 Technologies for Smart-City Energy Security and Power
(ICSESP), Bhubaneswar, India, 28-30 March 2018; pp. 1-4. [Google Scholar] [CrossRef]
Dornelles, L.D.L.; Gandolfi, F.; Mercader-Moyano, P.; Mosquera-Adell, E. Place and memory
indicator: Methodology for the formulation of a qualitative indicator, named place and memory,
with the intent of contributing to previous works of intervention and restoration of heritage spaces
and buildings, in the aspect of sustainability. Sustain. Cities Soc. 2020, 54, 101985. [Google
Scholar] [CrossRef]

Bretherton, J. Christchurch’s High Performance Rebuild. Procedia Eng. 2017, 180, 1044-1055.
[Google Scholar] [CrossRef]

Zhen, X.; Furong, Z.; Wei, J.; Yingying, W.; Mingzhu, Q.; Yajun, Y. A 5D simulation method on
post-earthquake repair process of buildings based on BIM. Earthg. Eng. Eng. Vib. 2020, 19, 541-
560. [Google Scholar] [CrossRef]

Manganelli, B.; Tataranna, S.; Pontrandolfi, P. A model to support the decision-making in urban
regeneration. Land Use Policy 2020, 99, 104865. [Google Scholar] [CrossRef]

Olawumi, T.O.; Chan, D.W. Critical success factors for implementing building information
modeling and sustainability practices in construction projects: A Delphi survey. Sustain.
Dev. 2019, 27, 587-602. [Google Scholar] [CrossRef]

Pishdad-Bozorgi, P.; Gao, X.; Eastman, C.; Self, A.P. Planning and developing facility
management-enabled building information model (FM-enabled BIM). Autom. Constr. 2018, 87,
22-38. [Google Scholar] [CrossRef]

Araszkiewicz, K. Digital Technologies in Facility Management—The state of Practice and
Research Challenges. Procedia Eng. 2017, 196, 1034-1042. [Google Scholar] [CrossRef]
Sheng, D.; Ding, L.; Zhong, B.; Love, P.E.; Luo, H.; Chen, J. Construction quality information
management with blockchains. Autom. Constr. 2020, 120, 103373. [Google Scholar] [CrossRef]
Sharma, P.K.; Park, J.H. Blockchain based hybrid network architecture for the smart city. Futur.
Gener. Comput. Syst. 2018, 86, 650-655. [Google Scholar] [CrossRef]

Melo, H.C.; Tomé¢, S.M.G.; Silva, M.H.; Gonzales, M.M.; Gomes, D.B.O. Implementation of City
Information Modeling (CIM) concepts in the process of management of the sewage system in
Piumhi, Brazil. In Proceedings of the IOP Conference Series: Earth and Environmental Science,


https://scholar.google.com/scholar_lookup?title=Using+BIM+to+Retrofit+Existing+Buildings&author=Khaddaj,+M.&author=Srour,+I.&publication_year=2016&journal=Procedia+Eng.&volume=145&pages=1526%E2%80%931533&doi=10.1016/j.proeng.2016.04.192
https://doi.org/10.1016/j.proeng.2016.04.192
https://scholar.google.com/scholar_lookup?title=Blockchain+in+the+built+environment+and+construction+industry:+A+systematic+review,+conceptual+models+and+practical+use+cases&author=Li,+J.&author=Greenwood,+D.&author=Kassem,+M.&publication_year=2019&journal=Autom.+Constr.&volume=102&pages=288%E2%80%93307&doi=10.1016/j.autcon.2019.02.005
https://doi.org/10.1016/j.autcon.2019.02.005
https://scholar.google.com/scholar_lookup?title=A+blockchain+based+decentralized+data+security+mechanism+for+the+Internet+of+Things&author=Ge,+C.&author=Liu,+Z.&author=Fang,+L.&publication_year=2020&journal=J.+Parallel+Distrib.+Comput.&volume=141&pages=1%E2%80%939&doi=10.1016/j.jpdc.2020.03.005
https://doi.org/10.1016/j.jpdc.2020.03.005
https://scholar.google.com/scholar_lookup?title=Green+BIM+in+Sustainable+Infrastructure&author=Bonenberg,+W.&author=Wei,+X.&publication_year=2015&journal=Procedia+Manuf.&volume=3&pages=1654%E2%80%931659&doi=10.1016/j.promfg.2015.07.483
https://doi.org/10.1016/j.promfg.2015.07.483
https://scholar.google.com/scholar_lookup?title=A+reference+model+for+BIM+capability+assessments&author=Yilmaz,+G.&author=Akcamete,+A.&author=Demirors,+O.&publication_year=2019&journal=Autom.+Constr.&volume=101&pages=245%E2%80%93263&doi=10.1016/j.autcon.2018.10.022
https://doi.org/10.1016/j.autcon.2018.10.022
https://scholar.google.com/scholar_lookup?title=Assessing+the+green+potential+of+existing+buildings+towards+smart+cities+and+districts&author=Capeluto,+I.G.&author=Ben-Avraham,+O.&publication_year=2016&journal=Indoor+Built+Environ.&volume=25&pages=1124%E2%80%931135&doi=10.1177/1420326X15626503
https://doi.org/10.1177/1420326X15626503
https://scholar.google.com/scholar_lookup?title=Feasibility+Study+of+Songao%E2%80%99s+Low+Carbon+Town+Planning,+China&author=Cheshmehzangi,+A.&publication_year=2016&journal=Energy+Procedia&volume=88&pages=313%E2%80%93320&doi=10.1016/j.egypro.2016.06.143
https://doi.org/10.1016/j.egypro.2016.06.143
https://scholar.google.com/scholar_lookup?title=European+smart+cities:+The+role+of+zero+energy+buildings&author=Kylili,+A.&author=Fokaides,+P.A.&publication_year=2015&journal=Sustain.+Cities+Soc.&volume=15&pages=86%E2%80%9395&doi=10.1016/j.scs.2014.12.003
https://doi.org/10.1016/j.scs.2014.12.003
https://scholar.google.com/scholar_lookup?title=A+Standard+Design+Process+for+Sustainable+Design&author=Stipo,+F.J.F.&publication_year=2015&journal=Procedia+Comput.+Sci.&volume=52&pages=746%E2%80%93753&doi=10.1016/j.procs.2015.05.121
https://doi.org/10.1016/j.procs.2015.05.121
https://scholar.google.com/scholar_lookup?title=BIM-based+process+management+model+for+building+design+and+refurbishment&author=Ustinovichius,+L.&author=Popov,+V.&author=Cepurnaite,+J.&author=Vilutien%C4%97,+T.&author=Samofalov,+M.&author=Miedzia%C5%82owski,+C.&publication_year=2018&journal=Arch.+Civ.+Mech.+Eng.&volume=18&pages=1136%E2%80%931149&doi=10.1016/j.acme.2018.02.004
https://doi.org/10.1016/j.acme.2018.02.004
https://scholar.google.com/scholar_lookup?title=Smart+homes:+Architectural+and+engineering+design+imperatives+for+smart+city+building+codes&conference=Proceedings+of+the+2018+Technologies+for+Smart-City+Energy+Security+and+Power+(ICSESP)&author=Ghosh,+S.&publication_year=2018&pages=1%E2%80%934&doi=10.1109/icsesp.2018.8376676
https://doi.org/10.1109/icsesp.2018.8376676
https://scholar.google.com/scholar_lookup?title=Place+and+memory+indicator:+Methodology+for+the+formulation+of+a+qualitative+indicator,+named+place+and+memory,+with+the+intent+of+contributing+to+previous+works+of+intervention+and+restoration+of+heritage+spaces+and+buildings,+in+the+aspect+of+sustainability&author=Dornelles,+L.D.L.&author=Gandolfi,+F.&author=Mercader-Moyano,+P.&author=Mosquera-Adell,+E.&publication_year=2020&journal=Sustain.+Cities+Soc.&volume=54&pages=101985&doi=10.1016/j.scs.2019.101985
https://scholar.google.com/scholar_lookup?title=Place+and+memory+indicator:+Methodology+for+the+formulation+of+a+qualitative+indicator,+named+place+and+memory,+with+the+intent+of+contributing+to+previous+works+of+intervention+and+restoration+of+heritage+spaces+and+buildings,+in+the+aspect+of+sustainability&author=Dornelles,+L.D.L.&author=Gandolfi,+F.&author=Mercader-Moyano,+P.&author=Mosquera-Adell,+E.&publication_year=2020&journal=Sustain.+Cities+Soc.&volume=54&pages=101985&doi=10.1016/j.scs.2019.101985
https://doi.org/10.1016/j.scs.2019.101985
https://scholar.google.com/scholar_lookup?title=Christchurch%E2%80%99s+High+Performance+Rebuild&author=Bretherton,+J.&publication_year=2017&journal=Procedia+Eng.&volume=180&pages=1044%E2%80%931055&doi=10.1016/j.proeng.2017.04.264
https://doi.org/10.1016/j.proeng.2017.04.264
https://scholar.google.com/scholar_lookup?title=A+5D+simulation+method+on+post-earthquake+repair+process+of+buildings+based+on+BIM&author=Zhen,+X.&author=Furong,+Z.&author=Wei,+J.&author=Yingying,+W.&author=Mingzhu,+Q.&author=Yajun,+Y.&publication_year=2020&journal=Earthq.+Eng.+Eng.+Vib.&volume=19&pages=541%E2%80%93560&doi=10.1007/s11803-020-0579-5
https://doi.org/10.1007/s11803-020-0579-5
https://scholar.google.com/scholar_lookup?title=A+model+to+support+the+decision-making+in+urban+regeneration&author=Manganelli,+B.&author=Tataranna,+S.&author=Pontrandolfi,+P.&publication_year=2020&journal=Land+Use+Policy&volume=99&pages=104865&doi=10.1016/j.landusepol.2020.104865
https://doi.org/10.1016/j.landusepol.2020.104865
https://scholar.google.com/scholar_lookup?title=Critical+success+factors+for+implementing+building+information+modeling+and+sustainability+practices+in+construction+projects:+A+Delphi+survey&author=Olawumi,+T.O.&author=Chan,+D.W.&publication_year=2019&journal=Sustain.+Dev.&volume=27&pages=587%E2%80%93602&doi=10.1002/sd.1925
https://doi.org/10.1002/sd.1925
https://scholar.google.com/scholar_lookup?title=Planning+and+developing+facility+management-enabled+building+information+model+(FM-enabled+BIM)&author=Pishdad-Bozorgi,+P.&author=Gao,+X.&author=Eastman,+C.&author=Self,+A.P.&publication_year=2018&journal=Autom.+Constr.&volume=87&pages=22%E2%80%9338&doi=10.1016/j.autcon.2017.12.004
https://doi.org/10.1016/j.autcon.2017.12.004
https://scholar.google.com/scholar_lookup?title=Digital+Technologies+in+Facility+Management%E2%80%94The+state+of+Practice+and+Research+Challenges&author=Araszkiewicz,+K.&publication_year=2017&journal=Procedia+Eng.&volume=196&pages=1034%E2%80%931042&doi=10.1016/j.proeng.2017.08.059
https://doi.org/10.1016/j.proeng.2017.08.059
https://scholar.google.com/scholar_lookup?title=Construction+quality+information+management+with+blockchains&author=Sheng,+D.&author=Ding,+L.&author=Zhong,+B.&author=Love,+P.E.&author=Luo,+H.&author=Chen,+J.&publication_year=2020&journal=Autom.+Constr.&volume=120&pages=103373&doi=10.1016/j.autcon.2020.103373
https://doi.org/10.1016/j.autcon.2020.103373
https://scholar.google.com/scholar_lookup?title=Blockchain+based+hybrid+network+architecture+for+the+smart+city&author=Sharma,+P.K.&author=Park,+J.H.&publication_year=2018&journal=Futur.+Gener.+Comput.+Syst.&volume=86&pages=650%E2%80%93655&doi=10.1016/j.future.2018.04.060
https://doi.org/10.1016/j.future.2018.04.060

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

SBE19 Brussels—BAMB-CIRCPATH “Buildings as Material Banks—A Pathway For A Circular
Future”, Brussels, Belgium, 5-7 February 2019; Volume 225, p. 012076. [Google Scholar]
[CrossRef]

Dantas, H.S.; Sousa, J.M.M.S.; Melo, H.C. The Importance of City Information Modeling (CIM)
for Cities’ Sustainability. In Proceedings of the IOP Conference Series: Earth and Environmental
Science, SBE19 Brussels—BAMB-CIRCPATH “Buildings as Material Banks—A Pathway For
A Circular Future”, Brussels, Belgium, 5—7 February 2019; Volume 225, p. 012074. [Google
Scholar] [CrossRef]

Reitz, T.; Schubiger-Banz, S. The Esri 3D city information model. In Proceedings of the 10P
Conference Series: Earth and Environmental Science, 8th International Symposium of the Digital
Earth (ISDES8), Kuching, Malaysia, 26-29 August 2013; Volume 18, p. 12172. [Google Scholar]
[CrossRef]

Vatalis, K.l.; Manoliadis, O.G.; Charalampides, G.; Platias, S.; Savvidis, S. Sustainability
Components Affecting Decisions for Green Building Projects. Procedia Econ. Financ. 2013, 5,
747-756. [Google Scholar] [CrossRef]

Aggarwal, S.; Chaudhary, R.; Aujla, G.S.; Kumar, N.; Choo, K.-K.R.; Zomaya, A.Y. Blockchain
for smart communities: Applications, challenges and opportunities. J. Netw. Comput.
Appl. 2019, 144, 13-48. [Google Scholar] [CrossRef]

Mistry, I.; Tanwar, S.; Tyagi, S.; Kumar, N. Blockchain for 5G-enabled loT for industrial
automation: A systematic review, solutions, and challenges. Mech. Syst. Signal
Process. 2020, 135, 106382. [Google Scholar] [CrossRef]

Huang, B.; Zhang, R.; Lu, Z.; Zhang, Y.; Wu, J.; Zhan, L.; Hung, P.C. BPS: A reliable and efficient
pub/sub communication model with blockchain-enhanced paradigm in multi-tenant edge cloud. J.
Parallel Distrib. Comput. 2020, 143, 167-178. [Google Scholar] [CrossRef]

Viriyasitavat, W.; Anuphaptrirong, T.; Hoonsopon, D. When blockchain meets Internet of Things:
Characteristics, challenges, and business opportunities. J. Ind. Inf. Integr. 2019, 15, 21-28.
[Google Scholar] [CrossRef]

Martinez-Rocamora, A.; Solis-Guzman, J.; Marrero, M. Ecological footprint of the use and
maintenance phase of buildings: Maintenance tasks and final results. Energy Build. 2017, 155,
339-351. [Google Scholar] [CrossRef]

Zhao, Y.; Yu, Y.; Li, Y.; Han, G.; Du, X. Machine learning based privacy-preserving fair data
trading in big data market. Inf. Sci. 2019, 478, 449-460. [Google Scholar] [CrossRef]

Kuster, C.; Hippolyte, J.-L.; Rezgui, Y. The UDSA ontology: An ontology to support real time
urban sustainability assessment. Adv. Eng. Softw. 2020, 140, 102731. [Google Scholar]
[CrossRef]

Dagher, G.G.; Mohler, J.; Milojkovic, M.; Marella, P.B. Ancile: Privacy-preserving framework
for access control and interoperability of electronic health records using blockchain
technology. Sustain. Cities Soc. 2018, 39, 283-297. [Google Scholar] [CrossRef]

Liu, Z.; Jiang, L.; Osmani, M.; Demian, P. Building Information Management (BIM) and
Blockchain  (BC) for Sustainable Building Design Information  Management
Framework. Electronics 2019, 8, 724. [Google Scholar] [CrossRef]

Shoubi, M.V.; Shoubi, M.V.; Bagchi, A.; Barough, A.S. Reducing the operational energy demand
in buildings using building information modeling tools and sustainability approaches. Ain Shams
Eng. J. 2015, 6, 41-55. [Google Scholar] [CrossRef]

Khezr, S.; Yassine, A.; Benlamri, R. Blockchain for smart homes: Review of current trends and
research challenges. Comput. Electr. Eng. 2020, 83, 106585. [Google Scholar] [CrossRef]

Xue, F.; Lu, W.; Chen, K.; Webster, C.J. BIM reconstruction from 3D point clouds: A semantic
registration approach based on multimodal optimization and architectural design knowledge. Adv.
Eng. Inform. 2019, 42, 100965. [Google Scholar] [CrossRef]

Nam, K.; Dutt, C.S.; Chathoth, P.; Khan, M.S. Blockchain technology for smart city and smart
tourism: Latest trends and challenges. Asia Pac. J. Tour. Res. 2019, 1-15. [Google Scholar]
[CrossRef]


https://scholar.google.com/scholar_lookup?title=Implementation+of+City+Information+Modeling+(CIM)+concepts+in+the+process+of+management+of+the+sewage+system+in+Piumhi,+Brazil&conference=Proceedings+of+the+IOP+Conference+Series:+Earth+and+Environmental+Science,+SBE19+Brussels%E2%80%94BAMB-CIRCPATH+%E2%80%9CBuildings+as+Material+Banks%E2%80%94A+Pathway+For+A+Circular+Future%E2%80%9D&author=Melo,+H.C.&author=Tom%C3%A9,+S.M.G.&author=Silva,+M.H.&author=Gonzales,+M.M.&author=Gomes,+D.B.O.&publication_year=2019&pages=012076&doi=10.1088/1755-1315/225/1/012076
https://doi.org/10.1088/1755-1315/225/1/012076
https://scholar.google.com/scholar_lookup?title=The+Importance+of+City+Information+Modeling+(CIM)+for+Cities%E2%80%99+Sustainability&conference=Proceedings+of+the+IOP+Conference+Series:+Earth+and+Environmental+Science,+SBE19+Brussels%E2%80%94BAMB-CIRCPATH+%E2%80%9CBuildings+as+Material+Banks%E2%80%94A+Pathway+For+A+Circular+Future%E2%80%9D&author=Dantas,+H.S.&author=Sousa,+J.M.M.S.&author=Melo,+H.C.&publication_year=2019&pages=012074&doi=10.1088/1755-1315/225/1/012074
https://scholar.google.com/scholar_lookup?title=The+Importance+of+City+Information+Modeling+(CIM)+for+Cities%E2%80%99+Sustainability&conference=Proceedings+of+the+IOP+Conference+Series:+Earth+and+Environmental+Science,+SBE19+Brussels%E2%80%94BAMB-CIRCPATH+%E2%80%9CBuildings+as+Material+Banks%E2%80%94A+Pathway+For+A+Circular+Future%E2%80%9D&author=Dantas,+H.S.&author=Sousa,+J.M.M.S.&author=Melo,+H.C.&publication_year=2019&pages=012074&doi=10.1088/1755-1315/225/1/012074
https://doi.org/10.1088/1755-1315/225/1/012074
https://scholar.google.com/scholar_lookup?title=The+Esri+3D+city+information+model&conference=Proceedings+of+the+IOP+Conference+Series:+Earth+and+Environmental+Science,+8th+International+Symposium+of+the+Digital+Earth+(ISDE8)&author=Reitz,+T.&author=Schubiger-Banz,+S.&publication_year=2013&pages=12172&doi=10.1088/1755-1315/18/1/012172
https://doi.org/10.1088/1755-1315/18/1/012172
https://scholar.google.com/scholar_lookup?title=Sustainability+Components+Affecting+Decisions+for+Green+Building+Projects&author=Vatalis,+K.I.&author=Manoliadis,+O.G.&author=Charalampides,+G.&author=Platias,+S.&author=Savvidis,+S.&publication_year=2013&journal=Procedia+Econ.+Financ.&volume=5&pages=747%E2%80%93756&doi=10.1016/S2212-5671(13)00087-7
https://doi.org/10.1016/S2212-5671(13)00087-7
https://scholar.google.com/scholar_lookup?title=Blockchain+for+smart+communities:+Applications,+challenges+and+opportunities&author=Aggarwal,+S.&author=Chaudhary,+R.&author=Aujla,+G.S.&author=Kumar,+N.&author=Choo,+K.-K.R.&author=Zomaya,+A.Y.&publication_year=2019&journal=J.+Netw.+Comput.+Appl.&volume=144&pages=13%E2%80%9348&doi=10.1016/j.jnca.2019.06.018
https://doi.org/10.1016/j.jnca.2019.06.018
https://scholar.google.com/scholar_lookup?title=Blockchain+for+5G-enabled+IoT+for+industrial+automation:+A+systematic+review,+solutions,+and+challenges&author=Mistry,+I.&author=Tanwar,+S.&author=Tyagi,+S.&author=Kumar,+N.&publication_year=2020&journal=Mech.+Syst.+Signal+Process.&volume=135&pages=106382&doi=10.1016/j.ymssp.2019.106382
https://doi.org/10.1016/j.ymssp.2019.106382
https://scholar.google.com/scholar_lookup?title=BPS:+A+reliable+and+efficient+pub/sub+communication+model+with+blockchain-enhanced+paradigm+in+multi-tenant+edge+cloud&author=Huang,+B.&author=Zhang,+R.&author=Lu,+Z.&author=Zhang,+Y.&author=Wu,+J.&author=Zhan,+L.&author=Hung,+P.C.&publication_year=2020&journal=J.+Parallel+Distrib.+Comput.&volume=143&pages=167%E2%80%93178&doi=10.1016/j.jpdc.2020.05.005
https://doi.org/10.1016/j.jpdc.2020.05.005
https://scholar.google.com/scholar_lookup?title=When+blockchain+meets+Internet+of+Things:+Characteristics,+challenges,+and+business+opportunities&author=Viriyasitavat,+W.&author=Anuphaptrirong,+T.&author=Hoonsopon,+D.&publication_year=2019&journal=J.+Ind.+Inf.+Integr.&volume=15&pages=21%E2%80%9328&doi=10.1016/j.jii.2019.05.002
https://doi.org/10.1016/j.jii.2019.05.002
https://scholar.google.com/scholar_lookup?title=Ecological+footprint+of+the+use+and+maintenance+phase+of+buildings:+Maintenance+tasks+and+final+results&author=Mart%C3%ADnez-Rocamora,+A.&author=Sol%C3%ADs-Guzm%C3%A1n,+J.&author=Marrero,+M.&publication_year=2017&journal=Energy+Build.&volume=155&pages=339%E2%80%93351&doi=10.1016/j.enbuild.2017.09.038
https://doi.org/10.1016/j.enbuild.2017.09.038
https://scholar.google.com/scholar_lookup?title=Machine+learning+based+privacy-preserving+fair+data+trading+in+big+data+market&author=Zhao,+Y.&author=Yu,+Y.&author=Li,+Y.&author=Han,+G.&author=Du,+X.&publication_year=2019&journal=Inf.+Sci.&volume=478&pages=449%E2%80%93460&doi=10.1016/j.ins.2018.11.028
https://doi.org/10.1016/j.ins.2018.11.028
https://scholar.google.com/scholar_lookup?title=The+UDSA+ontology:+An+ontology+to+support+real+time+urban+sustainability+assessment&author=Kuster,+C.&author=Hippolyte,+J.-L.&author=Rezgui,+Y.&publication_year=2020&journal=Adv.+Eng.+Softw.&volume=140&pages=102731&doi=10.1016/j.advengsoft.2019.102731
https://doi.org/10.1016/j.advengsoft.2019.102731
https://scholar.google.com/scholar_lookup?title=Ancile:+Privacy-preserving+framework+for+access+control+and+interoperability+of+electronic+health+records+using+blockchain+technology&author=Dagher,+G.G.&author=Mohler,+J.&author=Milojkovic,+M.&author=Marella,+P.B.&publication_year=2018&journal=Sustain.+Cities+Soc.&volume=39&pages=283%E2%80%93297&doi=10.1016/j.scs.2018.02.014
https://doi.org/10.1016/j.scs.2018.02.014
https://scholar.google.com/scholar_lookup?title=Building+Information+Management+(BIM)+and+Blockchain+(BC)+for+Sustainable+Building+Design+Information+Management+Framework&author=Liu,+Z.&author=Jiang,+L.&author=Osmani,+M.&author=Demian,+P.&publication_year=2019&journal=Electronics&volume=8&pages=724&doi=10.3390/electronics8070724
https://doi.org/10.3390/electronics8070724
https://scholar.google.com/scholar_lookup?title=Reducing+the+operational+energy+demand+in+buildings+using+building+information+modeling+tools+and+sustainability+approaches&author=Shoubi,+M.V.&author=Shoubi,+M.V.&author=Bagchi,+A.&author=Barough,+A.S.&publication_year=2015&journal=Ain+Shams+Eng.+J.&volume=6&pages=41%E2%80%9355&doi=10.1016/j.asej.2014.09.006
https://doi.org/10.1016/j.asej.2014.09.006
https://scholar.google.com/scholar_lookup?title=Blockchain+for+smart+homes:+Review+of+current+trends+and+research+challenges&author=Khezr,+S.&author=Yassine,+A.&author=Benlamri,+R.&publication_year=2020&journal=Comput.+Electr.+Eng.&volume=83&pages=106585&doi=10.1016/j.compeleceng.2020.106585
https://doi.org/10.1016/j.compeleceng.2020.106585
https://scholar.google.com/scholar_lookup?title=BIM+reconstruction+from+3D+point+clouds:+A+semantic+registration+approach+based+on+multimodal+optimization+and+architectural+design+knowledge&author=Xue,+F.&author=Lu,+W.&author=Chen,+K.&author=Webster,+C.J.&publication_year=2019&journal=Adv.+Eng.+Inform.&volume=42&pages=100965&doi=10.1016/j.aei.2019.100965
https://doi.org/10.1016/j.aei.2019.100965
https://scholar.google.com/scholar_lookup?title=Blockchain+technology+for+smart+city+and+smart+tourism:+Latest+trends+and+challenges&author=Nam,+K.&author=Dutt,+C.S.&author=Chathoth,+P.&author=Khan,+M.S.&publication_year=2019&journal=Asia+Pac.+J.+Tour.+Res.&pages=1%E2%80%9315&doi=10.1080/10941665.2019.1585376
https://doi.org/10.1080/10941665.2019.1585376

100.

101.

102.

103.

104.

Chaudhary, R.; Jindal, A.; Aujla, G.S.; Aggarwal, S.; Kumar, N.; Choo, K.-K.R. BEST:
Blockchain-based secure energy trading in SDN-enabled intelligent transportation
system. Comput. Secur. 2019, 85, 288-299. [Google Scholar] [CrossRef]

Gepts, B.; Meex, E.; Nuyts, E.; Knapen, E.; Verbeeck, G. Existing databases as means to explore
the potential of the building stock as material bank. IOP Conf. Series: Earth Environ.
Sci. 2019, 225, 012002. [Google Scholar] [CrossRef]

Copeland, S.; Bilec, M.M. Buildings as material banks using RFID and building information
modeling in a circular economy. Procedia CIRP 2020, 90, 143-147. [Google Scholar]
[CrossRef]

Arayici, Y.; Coates, P.; Koskela, L.; Kagioglou, M.; Usher, C.; O’Reilly, K. Technology adoption
in the BIM implementation for lean architectural practice. Autom. Constr. 2011, 20, 189-195.
[Google Scholar] [CrossRef]

Hong, T.; Langevin, J.; Sun, K. Building simulation: Ten challenges. Build. Simul. 2018, 11, 871—
898. [Google Scholar] [CrossRef]



https://scholar.google.com/scholar_lookup?title=BEST:+Blockchain-based+secure+energy+trading+in+SDN-enabled+intelligent+transportation+system&author=Chaudhary,+R.&author=Jindal,+A.&author=Aujla,+G.S.&author=Aggarwal,+S.&author=Kumar,+N.&author=Choo,+K.-K.R.&publication_year=2019&journal=Comput.+Secur.&volume=85&pages=288%E2%80%93299&doi=10.1016/j.cose.2019.05.006
https://doi.org/10.1016/j.cose.2019.05.006
https://scholar.google.com/scholar_lookup?title=Existing+databases+as+means+to+explore+the+potential+of+the+building+stock+as+material+bank&author=Gepts,+B.&author=Meex,+E.&author=Nuyts,+E.&author=Knapen,+E.&author=Verbeeck,+G.&publication_year=2019&journal=IOP+Conf.+Series:+Earth+Environ.+Sci.&volume=225&pages=012002&doi=10.1088/1755-1315/225/1/012002
https://doi.org/10.1088/1755-1315/225/1/012002
https://scholar.google.com/scholar_lookup?title=Buildings+as+material+banks+using+RFID+and+building+information+modeling+in+a+circular+economy&author=Copeland,+S.&author=Bilec,+M.M.&publication_year=2020&journal=Procedia+CIRP&volume=90&pages=143%E2%80%93147&doi=10.1016/j.procir.2020.02.122
https://doi.org/10.1016/j.procir.2020.02.122
https://scholar.google.com/scholar_lookup?title=Technology+adoption+in+the+BIM+implementation+for+lean+architectural+practice&author=Arayici,+Y.&author=Coates,+P.&author=Koskela,+L.&author=Kagioglou,+M.&author=Usher,+C.&author=O%E2%80%99Reilly,+K.&publication_year=2011&journal=Autom.+Constr.&volume=20&pages=189%E2%80%93195&doi=10.1016/j.autcon.2010.09.016
https://doi.org/10.1016/j.autcon.2010.09.016
https://scholar.google.com/scholar_lookup?title=Building+simulation:+Ten+challenges&author=Hong,+T.&author=Langevin,+J.&author=Sun,+K.&publication_year=2018&journal=Build.+Simul.&volume=11&pages=871%E2%80%93898&doi=10.1007/s12273-018-0444-x
https://doi.org/10.1007/s12273-018-0444-x

