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Abstract; The introduction of BIM technology in construction operation and maintenance stage can

improve the efficiency and level of operation and maintenance management, but the application and

research of BIM in operation and maintenance stage at home and abroad are still in its infancy.

Therefore, on the basis of extensive literature research, the current research and application of BIM-based

operation and maintenance management in China from the aspects of key technologies and application

functions are studied, the key technologies involved and their research status are introduced, and the

application functions that have been realized at present are summarized. Finally, the reasons for the poor

application of BIM in operation and maintenance stage in China are analyzed, and the future research

direction of BIM operation and maintenance is prospected.

Keywords ; building information modeling ( BIM ) ; operation and maintenance management; literature

research ; application

0 35

UEAF R, B0 A O TR T A %k, it SR ATl
PR T A R R, A AR L B B — R
YA 90% L b itk B AR S ME R
Arr, UL R s e i A R R A L X,
SR, A% 03z 445 7 X9 I, Bs i S R LT
J7 2 B A7 i 1 B L SRR B 2 s MR B B
PRERLE 48 BT & i i (5 B3R & A A4k

* WL #IEHIFN H (2022K210)
[1EEEN] & M, Bl 44 F 01, E-mail: longtubao @ zju.
edu. cn

[YeFs HEA] 2024-03-20

BRI Y,

1975 4, fH Chuck Eastman 7 U4 2505 B
F#Y ( building information modeling, BIM ) 9 #£ 2,
BIM P AT Ak | DR | OO0 Fh P S5 A, 7 2 AR 0
ARz 5 ) A e A s T R T B B AR
L, 1z 2 B Bl i G 22T AR I TR] Rt BIM 7R iz
e BRI R RN L BRILZ Ah, BIM Al &
Fliz 2 A BAFR AL T —Fp B AL rh kG R AR B T B,
R B 5 1 38 R AR . AR RLPE 2010 4R
BIM 732 4E B B E A T 0 BIM 75 iz 4t
B B T 5 5 0 A 45 FE AE D I, R e R 2 R g
HRAIA BIM F HAL S 1915 BR = 12 4E 45 PR



2024 No. 20

£, AR BT BIM s 4R B IUIR 5 e B 29

FKSETT Rk, BB Bk X BIM 7 12 2k 45 P
HRIEGE 5 N IR T R GE g, A N BRI Tlk
Ll A4S

AHIFSE 38 1k H B BIM 2 2 4 AH 56 SRk, M O gt
F AT FH LI RE)Z i 1 BF 58 TS0k, 42 7 St
SCHRIEA 4328, e ML EERE I, R A T A 5T A
IR, HE E Y BIM 12 4k 3047 0] 81, 32 oK R
W51,
1 XHESH
1.1 SCHERIIE 7k

B DG B 7 Ry g LM BT (BIM) i 4 5 3
(O&M) | B ifi 48 B (FM ) , 78 H [ H1 B ( CNKT) il
Web of Science( WoS ) £ 75 H ks 28 B 7, B 8] Ay
2012 4F 1 H % 2022 4 12 A, Hp, 78 CNKI 5
JE R 2R B, BRI ok 5 R A% 0 9 R IR BIM
B Y P SCRE R Z (I T 7R WoS Bl PR AR R
b, BRAE S — 1R B b X O [ a0 M i ok
Je , FEARE SOk 188 J , Horb b SCSCHk 145 7L AR SC
SCik 43 o
1.2 SrHrgsif

X E S 1 188 Fi SCHR & RAE My b AT 4811, 25
WA 1 R, A CNKT B8 128 o R 43
BIM AH5ESCHK, 421t BIM 78 8 47 4 4 i i 30 A []
BN g5 R 2 s, 5 R R, HET BIM
FoAR T TR 2 4E B B, 18 2 B B 19 EL BN
5.2% 7] UL, BIM iz 4t 7¢ & AT b Tk A0 B B, 5
BIM 2 4 AH S I 2 RF LG A8 4 LR TE 2015
AEJE WK UL BIM iz 48129 52 224 R BT
RO PR R £

40

0 1 1 1 1 1 1
2012 2014 2016 2018 2020 2022
4

1 BIM E#HX A RFERFHIT
Fig.1 Statistics of publication year for BIM operation

and maintenance related literature

AR SO SR 15 A F W, P 2 BB J2= 1% SCHR 47
P28 BHAE BIM 12 4EF 58 1 S, X 45 7 U 5T
N BERT 70 HT

2 BIMZEZMEBEMALLE
Fig.2 Proportion of BIM application at each stage

2 KBRS

BIM FEHY ] £ 4% 2645 2, IF I I AT
Gr2%, T4 w55 3 2 A B A0 R A i A
KR AR Z % BIM O AR B0 0 3
A5 i, BV )32 454 #LY BIM BEALRG £ F R 4R
ARSI LIE4E TR
2.1 [ )iz AR P BIM AR AL

TEFET BIM 12 B4 FRASE | BIM AR B2
EHE Y e AN Bl 25 B Y BA AR i T A SR
W22 5075 28 Btk , BIM #4114l £ 78
M RGE— AL R 58 ) L, 7 25 B B A% 326 1o L
o BUBE 2R B4, NS Wil BIM 75 5 1 iz 44
PR A BRI N A T T
RAEATFE , NEHE SR IE  BIM Z 87 vk |12 4R A
RV RT3 AT AT EE
2.1.1  Bdlm s s

R BIM RIS ] A kg a2 A 3o i £ i K ahs
T 2 yia 4R PO SRR RO Sy, (H I B gl
AT EREE e, MBI 5 K 8 g —Ba 4t
WA g R G % G, Tk Bl 28 (industry
foundation classes, IFC)#rifER BIM {5 B3¢ 4 1) [E bR
AR B I U R AR A5
HLC B 2 K ARl EROAR [R) BIML )iz
KM AWTEERBIZN] fH] TRC A% A ST Al figg ok
B G s Al SeB BIM R 2 5 5e 4 i
A2 E B IPC SR IO R B REIEN I
FEMLEERE_ESCE T IRC SOy F skt e

Jiti T3z 5 HUF B 388 (construction operations
building information exchange, COBie) FRE 5 1£
B T B B e SR 48 52 A iz 4 i i 19 R L
{5 B X0 R 2 43 (] A 4 ) LA ESR, 4>
C A A i A4S B SR B 15 2 B0 [ b v, 3
FAEUHR T COBie bRIEFERUTALSSAT BN,
REIEE T HR I T AT BIM-COBie $A 19 847 1%
TR B AL HIAHELE

S TFC FRifERT COBie Bl 2 4 [l Pt H]
Bt scabr e, B 7E S PRI H v 8Os TUAR st



30 il THEA (FF3E30)

553 &

FRIVBHAETE RN IFC, COBie ARIEXIA
SE3  HET IFC FRUER BIM $d Hh = 55042 o)
B R LIRS, COBie ARfE1E IS 2 W BE b 175K
PR HAFAE AT IRAE L DR R ok 75 3 i 1
BIM iz 4E £ b if , RSB RN iR 1 T 48— e
2.1.2 BIM 85k

B XoF B B A% 3 P AR TR 5 4 25 G TR, ] P 2
HHEHANE BIM A 5 1, o R B0 52 ML Gui
AR PR — R I IFC @R AR R A B vk, SR
BRI S PR B, AT 3R A B T — R4
B Bk iF 2 BIM A #57k , SCR I B B i JE R 2
s s i ERAE P MBS T LT IRC AR ifE Y B 5T
PRSI SRR, @S T 3T IFC FRifER) BIM
PRI
2.1.3 BHERRVR R AT

PR A s 4 A A JE 0 AY BIM S AU 4 45 K 4L
Wi, SSETHENAT R KA, X BIM BT 5
AR A B AT B ARG 4 () 2SR il BIM 7632 4k 5 3
T R A S M, H T, BIM AR AL A 5T
FEE A R e AR L Aa] A5 AR 7 AL R N R OU A M B R
%,ﬂ:[%-w] .
2.2 HARERS A

BIM A A5 55y R AT 006 58 B A R X
12 Yk B BERCHE P8 A7 4 ORI AR B, SR T T 0 0 4
B BIM, GIS™ | 1T RFID ™ 254 R (1 7 0TI
J'& BIM #5571 5y Bt B B 22 BT AR A #4
FESE IR A ST T 3T 2 1A CIM AL R 38 T 32
e R BRI Z AN B 2R E ESE BIM 5
AR, VR HR 4 B, 76 BIM AU | S i i w15 it
St R

B =I5 REE N TR AR AR B & &, n
288 A 3T 22 08 55 44 B B R 32 4 S5 )
WFFTE A, Wen %60 HE 5L T 50808 <7 07 7R A9 B
FEHE 7, I DL A K K B AL 37 A 3l 4% A 61 36
TR TYE 4 R AR TR AR A R BT
THEIER A RS, 52 MO 30 424 BUE Bl 5 Zhang
ST BIM-AT 42 U FEHE4T T 40 H, T4 R ok
2.3 AHLIE4ET AL

Af Ak ZE S 5 ] X BIM AR 7R A AR A B E
TTEMER I g N Bt — A e A w78
ATARAL -5 v b 32 iz 2 B3 nl o pe ek s 2 R i
AR Brigs AL WL G A R AR A 1 =
YRR R ERAE T S8 48 N B T AR, i et 4is
Ar it B AEAE R AR SO 8 L NI IEFE R | A

e TARRBCRARAR R, HAT, v i is 48 5
FZ AR A TR O R A
FWEFH, CHR[42] C RSB 41 & 1 H]
LB ST T A4 RIS PR . (HA5 — 42 Y
S, W MR I3 4E RO B Dy | A T K,
Archibus, BentlyFM , Mixamo 55, fl T FH > 151 . SC 1k
224 RSB YR 5 1 [ N S B BT B0 AN B
U T RN E R R TR R A T
B TAE, BT ks 47 & B 4EHE , SCHR( 43-
44 TH T T B ORI M A B TR T- B AR
T SCHR[ 45 ] 42 7 3kl J2 T 138 48 65 2844 5 £ X0
BIM BEHL G AGs 41 65 3 A v i EE 4 BORIASE 2 &
R IRV, Xu S50 1 w) 3 6T 254 WebGL HER
SCEL BIM HERITE Web S ) B4 A BN /R | fRAIERR
T 14 SR RN IT T R T A 7 S R Orge 51
S BIM BAY SCHLEDIE S5 RUEAR B B A
T 5 ot iz 2k 0 D) 7= 2 1 K s S A A
P — ToT B A7 FHESE , LA S BR 28 051 95 1E 2 4]
FI I BIM i Fitiz 4 sl 28808 A7l 5 22 .
3 NMHAThEESR

FEiE 2 10 4F B BIM W1 HE M =05 Kk
PEEHAR AWK S, B 48 28 TR PR I &
Ay — A E B A Pl s A B
B RRRE A BRI B A B B A8 2
Fto & BHIIRERT 5 LB an &l 3 s .

. e
-
— kéaﬁ
e % £
=l
23% AeB
33%

10%

18%

3 AL
Fig.3 Application proportion

3.1 WAEH

1 GE i U A8 8 FH A ST TE L AE B A - AR A
5L B (S B ER,  SCRR S ), B
25 vt i N AVl O A N 7 Nl e e R
ROV AR ER A 1 K BIM AR TR
AT R AR e e 2 B H T AEAE I ), H AT, 2T
BIM 15 £ 45 38 32 B A 5 1 A WD R 1) & o 24
BT,



2024 No. 20

£, AR BT BIM s 4R B IUIR 5 e B 31

B2 W I s o 3 4R B BIM, BAS, CMMS &
GG SN 25 T R GV A S AT B 0 W mT 4 i
RIS SR H S0, 3T BIM
AT B AR AL I R A5, 38 AT 7E = ZE LA rh A
1 EN R, AR WA RS IER BT, It s
Y5 X B A EAT SC R Y B N T e
ARB K  Xu 50 $5 45 2 et AR B B4 A
AT B SR PR T R HL A NN JRE ) i R ki,
FEEE AR 2 AT 8 T — IR R R 5
BEKE RIA Rt T A AL B A, W P
SHREE 44 RETR S T TR

HEGBRF R R&EEIHM EL T/E, T
BIM [iz 445 B U 4B PR 35 T AR i 05 4E 3 )
TR AE R 4 kR HE T BIM 1938 445 B
RGP A IS AT B AT SE I W | 38 A K A
B ] 7 S — B[] & BT IR 38 T B4 4R B N B,
BN, Pan 285 R T — i SIS 4 59 0T 0 0 4
SEF 5 B iz 2 N B PR E RN A2 A S A
Chen 251 T KT BIM AU 45 4646 T80 1 3hiR
TEHELR ZHESR TTAE BIM 455480 v 5 Bl B 3 12 1
BT B AR A A, A B T BT IR G 25 X6 I 2
BAG, s e R G ik A I I 4E i 1R 57
TR, RG0S W 5 4 N G0 5 45 AT 4E 1B AR
Ik, HBHEFERG, GBI T HE, rEH
RERD,

3.2 S

25 [A) A HURSE T BIM 4 A] 90 Ak 4 o % 25 ] 2K
AT DR SR EURT 00 FE 7 | AT S B 4% [ A 5 2L
FRRIFAF T, B an, M4 1 P 55 5K 78 T3 6T B 1]
RSE 2 A8 [0 A ey 5 0B AT BRI 5 2 24 i ml A
AT (], S P 43 e 2 L RG SROR 23 (8] B AR Y by
]S A B[R 2 AN [ s [ 4 AR A& il FEN
PSRN0 AE | S A5 7 25 ) i PR 0000 5 25 1) oy
FIME LR 2 B R AT 404, B A A R 1) B & 55
2SR, BRI A1, Xu S50 4 AL
AR B RFID AR 7625 [ 45 B A5 2 7 R, 15
B RFID FR&52 BN 52 MR R | R4 B 1a] o5 FH B0 A
NGB, LSRR 7 A A ],

3.3 LeEH

G EHUE XN ) AR A 1 B
St HORT, 204 T B 4E 22 By AT B 45
Ik, 7R 5 A A R BIM AN BE Rk T4 4 B
RS, LI AR AR 5T IR ST R
) LG RS B A R, § 0K
B o mTIE, BUeas & U0 W3 1 RFID £ A, v]

[D8= v R e (S 1 O B NS R D A= S
EPAELO T AT KA A BT R IR TR E
12BN AR S AR A HEAL R I | = 3t
BRI M S5 H AR S T SN e BR
FEREHT IR ZIFE RS, 27 T IXfE2E
P ERFNIR S5 K, 7RI B I, & HE A AT AE BIM
B b A AR B S RS R R AR KR
—Fisf ) % 20 A7 3 A B 2 K ORI (1)
FERBR R A K I ARG E T ARSI S
TE WSRO0, FE BIM BT bl o) 3k A B 2k, Sl ik A
N B ARAE A AR LR 51 Zhou 451 $ H T 3E
T BIM M= B KRIER G, DH R T —Fhal 4 kK
RIREE T = WG, 56T A SR 5 A Bk B5C
TH LB I AL AR LG 22 BIM B R | fige o ¢ B de
B K RAL RS AE BIM R0 e [ 2l e S ) 5
3.4 WEEH

B PR AN B AR AR R T W T B
SR PER AR 5 IFIHBE E 5%, ERlA ML
PR AT, RIS eI B B P B
B SR I B SR A R T
EWGETT, G5 D A FREAE HRT19E 7 geit
S, T RRSEBRE P G O B A A 5 5 B
FIBEIEATXT L, AT By R T A i 2 A AR 2 4%
AR BSOS ER W SN 557 S RFID AR,
454 BIM B AT ST = i PR e A 5 BRER ; K
RIGE= IR 25, T g Ae A ) H 0 HARERR
BRI EEHFET
3.5 fefEEHE

AT RERE R FHRCR A &, (H A S Wk
H EBRBEFERY 30% ~40% , 125 BIM {UAE A REAEAR
PG HT I BT | SRy B0 o0 T 4 41 = Ak J LA 45407
Rt BIM TEiz 4ER B i 1 H , BIM 328 8 il GEFE £
SR AE — R T S RE AR (R B AL )y REAE S B4R
T —FpE oy, Rl R A L
BERBFETT I A% B 28 X B 8 B30 2E 17 W, 42 B A
B T IIRE X 1R ERERETT A, h S Lk s
FRARAS 7 A P T SR A A4 T S8l T i 4
REFERR /M 3 4R P 251 R o 2 I 446 A 3 RE A T
DAY e T 5 S B (B A7 %) HAS B BEFE 52
B I DLk Sy JE ity HE A 8 59 PN 0 3 5 R 5 Yuan
A5 T e Stk 2 VR S ) BE AR AN S8 B AN i A 1] JE, 2 1
—A™ A SRR B 2 A BEAE RS 5 S BIM
BB AOREZE | T DL 234 MREESNIGIE T iR HEZR
MR ATk



32 s THAR (330

553 &

3.6 fREAEH

FEEHUZEE A G B AT B @ A
JABI R TR AG G IR 4 D0 5 55 HE AT A7 R A
R R B S Y A5 R SRk B = Zha
SV SR A A i R R A IR LA T SCRR SR, IF R
ST SO (R T TS BRAVE TS ) 2R
FHART AR A& 2, R 12 0 oA i AR 51 2 1 0R
TERZHCH — 4 K 4R, X 2 5 308 4 Befs B a2
HRAE, R TR A BIM iz 45, [ A
SO RIIRE 3 B, A G i T PR A b T iR A
SRR N, B B A dE 1B T &Y, Wang
SETR BIM T U A A B — S R
FE IR T N T BIM A9 0 TR 4SS M A A A
RIS T BIM il = 4 ] M4k A i 3004
PMEPREE AN S HLH S54RI B A R it
T
4 HitERE

Bli% BIM £ AR FEiE 445 B (8 H 45 30,
AE =MW AW R Z BIM 7 12 4k [y Bt Y 13 T A5
2, BT N LA SR B AR AT T &, (H i 58
H PRI & B, B BIM I FH T2 2 i B i) il 2 58 497 48
> AR S I S R B | SCHR IR R P9 S SR
Eb, 200 T BIM 132 2 By BE W AN B B A, 2
KRG T, G58T ,

1) B8 =2 e K M S bn e AR 523, #E i & 10
A B E B AR R By A AN T it T B
HER B A R R s TR 5 (B B T R A
TR B , 3% Se 55 4k LR il e — i f i 55 Tz
A, BARRFIH A AR 7K, H g A
BIM iz ZEbr i, WS 3 U SCR8cin £z 11 45 3004 T
i —FE , Al KIS BIM 7EiB 4R By I

2)BIM [ H T3z 4k B Be ) sl e M DA sk, R
& HATENANE DI 5T TS BIM BEFERT (] | A%
ATy 1A R A, A IO B L BIM 2 R i 4%
PRI R ST ST BIM B T & D B s 4k AR
G ME KXV ET R AKE NS Y I,k £/
B BIM 7632 2k By Be el ok 2 /D E, A St 2
A BIM, BRI Z b, 8508 4E i) 8] — ik
AR X TRk s AR R MERE . R, Kok
AT 5 32 4 B B A O 9 B A 8 70 0 25, I A
BIM TEiz4EF Boiii R A

3)BIM iz 48 BAF B 7 R A WIHH, 7R BT A
it TR B oMb 32 R A B 3 i AE S 4 B B, [
AR AR BV B, AR 32 oK B S 80 BIM
P iz 2 By B g T s 45 S, A 4532 T. BIM 284

N EAN i 7% (=4 I+ @) TR S Nl 1 S S B A S
P S IVA =ik s Ry L R B R e R D S I S
HRUR A7 B T5 ik AE BB B B, O % 1& ey
Hax SefE BRI 4EE B

4) 5T BIM Wiz 4 5 5EA 7RG G b

%, BIMEGIZEE IR G (W BA REHPTR

gt LRGN MRS, H ARG EAHE M, H

H BN X Tis e N GOk UL, T

BIM iz 4E 4 BV 6 75 B S i Il 2% ST AN

25, el R U, 7 R B S R AR AR A

G A AR B, PRI AATTRE B R i 4 %2

FRREIFAN S o R ok B 4 it — 22 sl Y BIM J2 4E 5

BIBEATHTSE, HE ST BIM FEA [R] AR i A% rh 1 b HIAE

28 AL FHGBLEN D585 T BIM 5 4R PR ES

B

5) i 4R BEAL B SN . BE T BIM

BB YT 5 0] A K S s A 0 (] 7= AR A BcHlE , il A

TR REHOR 1Y K e Sy 1z 4R B4R 1) 43 A Ak B it T

Tiid o ARG FEANT R I BLAR 7 > TR o ) 55

X HERAE AT o Hr, D s B s A i bz

PEAICHE [H] 1) 5 28, I 90000 5K e 5l , Ay ol 3 Al s o

AR DR SRR BE S AR R

5 %iE

BEA BIM $ AR BT i T B B v 3 24 i B &

Ji& BT BIM 1Yz 45 A5 B0 B A2 3] (1Y) 5 J3E 18k

o ASCKRZR T 188 i v E M X R T BIM f iz 4

A PHLATTRH 5 SCHR , DA DG BEEBE A R FH B R £ B2 XoF

SCHRIEA T AT 2 1998 BIM $5 AR W H T2 4k B Bt

W R SCHEEOR | S 25 H AT E 2 B, TEI

FEGl 38 2 5 M AT SCHER IR A AT Y SMIE 5T X

e, 20 M B[N BIM 753z 4E B B FHAS 09 S P 42

HRRWEFE I 17, RS BIM 712 4 By B i) 1 A

AbTHIR B B, B Bl G B 0 & SRR I 1 56 3

BIM W AER 2 s g b A FHEAE

[ 1] 2o i, piRss , Ak A, BIM BAR7E Uit 5 B b i g FHT AR
JEEE [J]. METHAR, 2016, 45(18) ; 54-57,69.

JIBY, QL Z Q, MENG G Q. Investigation on the application
status of BIM technology in facility management[ J]. Construction
technology, 2016,45(18) ; 54-57,69.

[2] VFER, & Z A. 2T BIM A9 505 46 45 1 R G0 HE 28 1k R
FE—— LA R AR S5 b TR MBI ], 4T, 2018,
39(2) ; 45-48.

XU N, GONG Y R. Research on the framework system of

building operation and maintenance management system based on
BIM: taking Xuzhou Convenience Service Center project as an

example [ J]. Construction economy, 2018,39(2) ; 45-48.



2024 No. 20

£, AR BT BIM s 4R B IUIR 5 e B 33

[3]

[4]

[5]

[10]

[11]

[12]

[14]

[15]

BSR4, kT BIML 199 A el 0088 Ak iz 4 T gk A AL
F[J]. hEEBE R, 2022(17) :58-59.

LOU X X, ZHANG J. Thinking on the path of campus digital
intelligent operation and maintenance management based on BIM
[J]. Informatization of China construction, 2022(17) ;58-59.
KENSEK K. BIM guidelines inform facilities management
databases: a case study over time [ J]. Buildings, 2015, 5(3) :
899-916.

ILTER D, ERGEN E. BIM for building refurbishment and
current status and research directions [ J ].
Structural survey, 2015, 33(3) . 228-256.

VOLK R, STENGEL J, SCHULTMANN F. Building information

maintenance ;

modeling( BIM ) for existing buildings — literature review and
future needs [ J]. Automation in construction, 2014, 38.
109-127.

ASARE B A K, LIU R, ANUMBA ] C. Building information
modeling to support facilities management of large capital
projects; a critical review [ J ]. Facilities, 2021, 40 (3/4).
176-197.

ABIDEEN D K, YUNUSA -KALTUNGO A, MANU P, et al. A
systematic review of the extent to which BIM is integrated into
operation and maintenance [ J]. Sustainability, 2022, 14(14) .
8692-8692.
GAO X, PISHDAD-BOZORGI P. BIM-enabled facilities
operation and maintenance; a review[ J]. Advanced engineering
informatics, 2019, 39, 227-247.

Hoews. BIM AR A% Tl e 32 2 4 B X SR FE [ D ). WA
IR MR E Tl K2, 2020.

GAN Y H. Study on the countermeasures of campus facilities
operation and maintenance management under BIM mode [ D ].
Harbin ; Harbin Institute of Technology, 2020.

SHEN W M, HAO Q, XUE Y J. A loosely coupled system
integration approach for decision support in facility management
and maintenance [ J]. Automation in construction, 2012, 25.
41-48.

WETZEL E M, THABET W Y. A case study towards transferring
relevant safety information for facilities
BIM[J].
construction , 2018, 23 53-74.

HAERE , GEk BE R, 55, BIM BUE BRI IFC R RAMHT[T].
+ARTRERGEMAEN, 2020, 37(1) : 126-133.

LAL H H, HOU T, ZHONG Z L, et al.
development of BIM data standard IFC [ J].

maintenance using

Electronic  journal of information technology in

Analysis of the
Journal of civil
engineering and management, 2020, 37(1) . 126-133.

TR ARE R AW, 4. JET WebGL 5 IFC AYHESTS B4
RIATRAL S #7053k (1), R R%F R (AHRBED),
2016, 46(2) . 444-449.

XUZ, XU X Y, LI Q M, et al. Visual analysis method of
building information model based on WebGL and IFC [ J].
Journal of Southeast University ( natural science edition) , 2016,
46(2) . 444-449.

HAERE X 5 KPR 5T IFC ARiER) BIM S = 542
#e[J]. AT, 2018, 51(4): 121-128.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

LAI HH, DENG XY, LIU X L. BIM data sharing and exchange
based on IFC standard [ J]. China civil engineering journal,
2018, 51(4): 121-128.

SUN J,LIU Y S,GAO G,et al. IFCCompressor; a content-based
compression algorithm for optimizing industry foundation classes
files [ J]. Automation in construction, 2015, 50;1-15.

SHI X, LIU Y S, GAO G, et al. IFCdiff; a content-based
automatic comparison approach for IFC files [ J]. Automation in
construction, 2018, 86:53-68.

3 45T, COBie i 75 A 5T T 72 B0 A 3 AT v 19 B
[J]. AR TRFERHEA, 2022, 14(1): 61-68.

ZHAI W, JIANG Q. Application of COBie standard in digital
delivery of construction engineering [ J]. Journal of information
technology in civil engineering and architecture, 2022,14(1):
61-68.

WEE RN, BT BIM-COBie £ A 1 £ ST 15 B L&
HJ]. 2ARTREGEMAR, 2017, 34(1) : 129-135.

YU W T, LI X S. Information management of building facilities
based on BIM-COBie technology [ J]. Journal of civil engineering
and management, 2017, 34(1). 129-135.

LIU R, ISSA R R A. Survey: common knowledge in BIM for
facility maintenance [ J ]. Journal of performance of constructed
facilities, 2015, 30(3) : 04015033.

k. BIM BEARTERIEE S E MMM HHT[D]. Kik.:
RALM 2R, 2016.

ZHANG C Y. Research on the application of BIM technology in
facility information management [ D ]. Dalian; Dongbei University
of Finance & Economics, 2016.

GUI N, WANG C H, QIU Z F, et al. IFC-based partial data
model retrieval for distributed collaborative design[J]. Journal of
computing in civil engineering, 2019, 33(3): 04019016.
RIFH, R, — A Bod kX BIM A [T ] 2
2#4%, 2017, 38(1): 97-101.

YU F Q, ZHANG ] P. A phased and progressive BIM
construction method [ J]. Journal of graphics, 2017, 38(1):
97-101.

TP B MR AL KBS, BT IRC ARk (A 1 3R 35 5 4
HIFERIEL )], BE2E2E4R, 2016, 37(2) : 249-256.

SHI P W, LIN L F, DENG X Y. Research on the expression and
management methods of building components based on IFC
standard [ J]. Journal of graphics, 2016,37(2) ; 249-256.
JEIENE 2 AT BT IRC AR MERY BIM A4 1 PR BT ST
[J]. FI%%4R,2017, 38(4) : 589-595.

ZHOU H B, SHI P W, DENG X Y. Research on BIM component
library based on IFC standard [ J]. Journal of graphics, 2017,
38(4) :589-595.

BREE, 5K MR, 5. BB LATRAIE 1Y BIM BB A2 1L )y
EWR[T]. ARKIT, 2022, 53(2) : 209-213.

CHEN K, ZHANG L, GUAN L ], et al. Study on the lightweight
method of BIM model considering geometric features [ J].
Yangtze River, 2022,53(2) :209-213.

RIEAG Bk, S 4B B (R BB Rt T[]
FEl22441 ,2018,39(1) : 123-128.



34 il TR (R SC0) 9453 %
GUO S'Y, CHEN Y F. Lightweight method of information model public buildings [ J]. IEEE Access, 2019, 7. 176127-176140.
in building operation and maintenance stage [ J]. Journal of [40] M2, A7, mi, 5. FETRUT AR A i HELARAE Ak R S A
graphics, 2018,39(1) ; 123-128. AWFFERBIHT]. Tl #SR, 2022, 52(10) ; 204-210,235.
[28] LIUF, ZHANG H J, HU Y H, et al. Cesium based lightweight YANG H, YU F Q, GAO S, et al. Research and application of
WebBIM technology for smart city visualization management data fusion of building operation and maintenance system based
[ C]//International Conference on Inforatmion technology in Geo- on digital twin [ J]. Industrial construction, 2022, 52(10) ; 204-
Engineering, 2019. 210, 235.
[29] $0NIE, EEDE, MY, 45 BIM B AL 5 RBF5E 5 52 [41] ZHANG F, CHAN A P C, DARKO A, et al. Integrated
#[J]. ARKIT, 2021, 52(12) : 229-235. applications of building information modeling and artificial
SUN Y, WANG G G, ZHAO X Y, et al. Research and intelligence techniques in the AEC/FM industry [ J].
implementation of BIM model lightweight technology [ J]. Yangtze Automation in construction, 2022, 139.:104289.
River, 2021,52(12) ; 229-235. [42] WA, M, ML 56T BIM Y32 448 SOF 50 5 T 25
[30] ZHUJ X, WANG X Y, WANG P, et al. Integration of BIM and R[IT. B2, 2015, 36(5) : 802-810.
GIS: geometry from IFC to shapefile using open-source technology HU Z Z, PENG Y, TIAN P L. Review of research and
[J]. Automation in construction, 2019, 102.105-119. application of operation and maintenance management based on
[31] CHAMIKA K D,NIPUNI S. IoT-BIM-based digital transformation BIM [J]. Journal of graphics, 2015,36(5) : 802-810.
in facilities management: a conceptual model [ J]. Journal of [43] #kHE. BT =380 BIM @51z & 430 & 53 M Pk
facilities management, 2022, 20(3) ; 437-451. iL1]. EAESTRERESREA, 2014, 6(5): 46-52.
[32] CHENG C J,CHEN W,CHEN K, et al. Data-driven predictive WU D Y. Design and challenge of BIM building operation and
maintenance planning framework for MEP components based on maintenance system based on cloud computing [ J]. Journal of
BIM and IoT using machine learning algorithms [ J]. Automation information technology in civil engineering and architecture,
in construction, 2020, 112;103087. 2014,6(5) ; 46-52.
[33] TEM, HEE, HAM, 5. LT BIM 5 RFID SER B4 [44] W, EIME TRA. 2T BIM RS RE ST S B R 5t
HAGAARIIEL)]. M THAR, 2018, 47(21) : 107-112. RS ARSI TREBHAR, 2021, 13(5):
DONG N, LI L J, YANG D M, et al. Research on the framework 12-19.
of equipment management system based on BIM and RFID WANG S, WANG F X, HE F J. Architecture and implementation
technology [ J ]. Construction technology, 2018, 47 (21): of integrated building facilities management system based on
107-112. BIM [J]. Journal of information technology in civil engineering
[34] FIERE, X —3% ke 2s 45 JLTF BIM 5 RFID MOS8 and architecture, 2021,13(5) ;12-19.
T EB RGN (1], @FILHE, 2013(11) « 113-116. [45] AEBAZS. JET BIM+Multi-Agent 38458 % 7 119 %5 25 4 450 K Im
WANG T K, ZHAO Y J, ZHANG R Y, et al. Research on BB T]. RS TR B H AR, 2018, 10(6):
construction equipment operation and maintenance management 1-9.
system based on BIM and RFID [ J]. Construction economy, DU M F. Design of intelligent building and urban operation and
2013(11); 113-116. maintenance software based on BIM + Multi-Agent reinforcement
[35]  Fufik, #isdge, DR BT M. 35T 30k T {5 SRR 0 fp i A8 5 i Tl learning [ J ]. Journal of information technology in civil
HHTE[1]. W & BWFsE, 2018, 25(11) ; 50-57,72. engineering and architecture,2018, 10(6): 1-9.
BAO S, YANG H Q, OUYANG D F. New smart city management [46] XU Z, ZHANG Y, XU X Y. 3D visualization for building
platform based on urban information model [ J]. Urban information models based upon IFC and WebGL integration [ J].
development studies, 2018,25(11) : 50-57,72. Multimedia tools and applications, 2016, 75 ( 24 ).
[36] ZEk, HERL, EAESE, 45, AR TR v Al e oy ok i £ B 17421-17441.
(CIM) AR BOGBEER IR ST ()], T R MRS, 2021, [47] AL SR , B 200, 4F. BIM 5 Web {5 SUIRSS Rl & /9 ¢
28(3): 65-69. BEEARTI[I]. EAREFTREBHA, 2022, 14(4):
JIJ, WANG K, WANG Z H, et al. The connotation and key 29-33.
technologies of urban information model ( CIM ) enabling smart SI D H, ZHANG L L,ZHAO Y H, et al. Research on key
city construction [ J]. Urban development studies, 2021, technologies of BIM and web information service integration [ J].
28(3) : 65-69. Journal of information technology in civil engineering and
[37] XUZ, QIM, WU Y, et al. City information modeling; state of architecture, 2022,14(4) : 29-33.
the art [J]. Applied sciences, 2021, 11(19) ; 9333. (48] TWEAER I, Sk AR, 5. 3T OGRE 1 BIM By #:5i4ia
[38] WANG T, PIAO Y M. Development of BIM-AR-based facility TP LR G A A[T]. TARBRRTRREBEA,
risk assessment and maintenance system [ J]. Journal of 2013, 5(1): 1-5.
performance of constructed facilities, 2019, 33(6) ; 04019068. MAN Y L, XIE B Y, ZHANG Q L, et al. Research and
[39] WEN Q, ZHANG J P, HUZZ, et al. A data-driven approach to development of visualization system platform for building operation

improve the operation and maintenance management of large

and maintenance based on OGRE and BIM [ ]J]. Journal of



2024 No. 20 fil WSS HET BIM G R BUIR 5 R 35
information technology in civil engineering and architecture, SHI C H, WANG K, LI J J, et al. Research on BIM-based FM
2013, 5(1) . 1-5. operation and maintenance management platform-application

[49] 5, F4E HT BIM 5 loT BHRMAZT L[], AT practice of operation and maintenance management platform of
51,2020, 41(1) : 283-289. Shendu Building [ J]. Journal of information technology in civil
WANG T, WANG J. Interaction method based on BIM and IoT engineering and architecture, 2014,6(6) ; 50-57.
data [ J]. Computer engineering and design, 2020, 41 (1) [60] ZEIES skfEyE XA T, BIM % ARTE SR R 7= 12 4E 45 H A Y
283-289. BT C1//5575 8 BIM B A B B 28 it 2 ——407 22 1 A b

[50] &:Hisd, 2RI, 2T BIM BRI SWOT 4347 1]. 7B it T AR H 5 A R SCER , 2019,

T AREFTREE B A, 2015, 7(1) : 25-29. LI Z K, ZHANG D H, LIU B N. Application of BIM technology
JINW Q, LI M Z. SWOT analysis of facility management based in the operation and maintenance management of university assets
on BIM technology [ J]. Journal of information technology in civil [ C] //Proceedings of the 6th International Symposium on BIM
engineering and architecture,2015,7(1) : 25-29. Technology -Application and Development of Digital Construction

(517 #rEafs. 36T BIM A4 el 3 il 15 it 12 4 5 B ) S 48 IR 25 IF in Real Estate, Design, and Construction Fields, Design and
FE[D]. KHE KHERA, 2019. Construction, 2019.

XU R N. Research on the key factors of BIM-based campus [61] XU J, CHEN K, ZETKULIC A E, et al. Pervasive sensing
infrastructure operation and maintenance management [ D ]. technologies for facility management: a critical review [ ] ].
Tianjin: Tianjin University, 2019. Facilities, 2020, 38(1-2): 161-180.

[52] e, 2247, #dR, %. BIM 58 SIHL L 34 Wi 5 B4 [62] iHFF. BIM HATHE M TRREHERGEM[I]. IR
RAERFE[)]. EARRFTREREA, 2015, 7(1): 8-13. HLFHAR 2021, 44(4) : 146-150.

TIAN P L, LI Z, HU Z Z, et al. Research on the integration of TAN X. Construction of intelligent building integrated
BIM and construction electromechanical equipment monitoring management system under BIM technology [ J ]. Modern
information [ J ]. Journal of information technology in civil electronics technique, 2021,44(4) . 146-150.

engineering and architecture, 2015, 7(1) . 8-13. [63] k&F, ATNLL, X K. s AT+ DX 245 4 1 B0 b

(53] sk 4R, XS 55, BT BIM (¥ I B £ 40 1t 1% 75 2 A 1J]. M2 ,2023(3) : 61-66.

POV S (1], BIRAT, 2018, 39(5) : 117-120. ZHANG S, SHI L H, ZHAO X Z. Data fusion of smart parking
ZHANG J 7Z, XU C, JIANG F C, et al. Design and in community from the perspective of scene [ J]. Bulletin of
implementation of BIM-based hospital building facilities and surveying and mapping, 2023(3) :61-66.

equipment management platform [ J]. Construction economy, [64] FETE. 5 as 4EAy B 4 W o FHIF 98 —— LU KRRy
2018,39(5) : 117-120. WEZEARIUE B[], #FLETF,2021, 42(9) : 78-82.

[54] XU J Y, LU W S, XUE F, et al. ‘ Cognitive facility JIANG X Y. Research on the application of intelligent building
management’ ; definition, system architecture, and example operation and maintenance management platform - taking a large
scenario [ J]. Automation in construction, 2019, 107:102922. commercial complex project as an example [ J]. Construction

[55] PAN N H, CHEN K Y. Facility maintenance traceability economy, 2021, 42(9) . 78-82.
information coding in BIM-based facility repair platform [ J]. [65] ﬁJE%ﬁ,lﬁTﬁﬁ:,gd‘ﬁg,% FET BIM AR BE BN X iz 4k
Advances in civil engineering,2020,2020. 1-12. TFEMET]. #IFALUT,2018, 39(6) : 88-91.

[56] CHEN W W, CHEN K Y, CHENG C J, et al. BIM-based ZHOU 7Z Y, XIE C N, LIAO X F, et al. Construction of
framework for automatic scheduling of facility maintenance work intelligent community operation and maintenance platform based
orders[ J]. Automation in construction, 2018, 91.15-30. on BIM technology [ J]. Construction economy, 2018, 39(6) :

[57] WA BRAEAE, £58, 55, BT BIM mHLH IR & B e H R 88-91.

GiL1). EARMRTAEFEREOR 2013, 5(1): 17-21. [66] ZHOU X P, LI H, WANG J, et al. CloudFAS: cloud-based
HU Z Z, CHEN X X, WANG L, et al. Intelligent management building fire alarm system using building information modelling
system of mechanical and electrical equipment based on BIM [J]. Journal of building engineering, 2022, 53.104571.

[J]. Journal of information technology in civil engineering and [67] TEFZE. BIM B ARFEEFNIBAG PN )], BHAET,
architecture, 2013, 5(1) . 17-21. 2013(9) : 94-97.

[58] WiHE. T BIM AR A& T MLIZ 4 RS 5[] ]. WANG Z J. Application of BIM technology in building operation
i*%ﬁ%ﬁ?@ﬁ%&ﬂi,zmz, 14(1) . 119-125. and maintenance management [ J ]. Construction economy,
MIAO Z H. Research on BIM-based visual operation and 2013(9) ;: 94-97.
maintenance management system for construction equipment [J]. [68] fRERE. BIM oA 7E 8 5005 #5128 4545 P b A4 . P 52 [J].
Journal of information technology in civil engineering and HRAVE,2020, 41(12) ; 74-78.
architecture, 2022, 14(1) . 119-125. XIE X M. Research on the application of BIM technology in

[59] Eﬁ%k’(,l%ﬂ,@?ﬁi,i‘? T BIM B4 FM 15 4845 TS 4 BF construction equipment operation and maintenance

F—— WK B Y HF A0 L[], EAER TR
{5 EHA,2014, 6(6): 50-57.

management [ J]. Construction economy, 2020,41(12) ;74-78.

(FHE5E 50 1)



50 il AR (30 9453 %
1999, 36(20) : 3073-3084. University of Arizona,2004.

[22] KWASNY W. A modification of the method for determination of [29] NASRALLAH J G, MONTE J, KEMENY J. Rock mass
surface fractal dimension and multifractal analysis [ J]. Journal of characterization for slope/catch bench design using 3D laser and
achievements in materials and manufacturing engineering, 2009, digital imaging[ C]//Proceedings of the Gulf Rocks 2004, the
33(2) . 115-125. 6th  North  America  Rock  Mechanics ~ Symposium

[23] CAI M, KAISER P K, UNO H, et al. Estimation of rock mass (NARMS) ,2004.
deformation modulus and strength of jointed hard rock masses [30] BUAS, 0. T AR AL B0 A U 45 4 i o 28 B 3h 4G
using the GSI system [ J]. International journal of rock mry. AL TREEAR, 2017, 31(1); 5-8,13.
mechanics and mining sciences, 2004, 41(1) : 3-19. KUANG J, ZHANG Y S. Automatic detection of rock mass

[24] TERZAGHI K, PECK R B, MESRI G. Soil mechanics in structural plane trace based on image processing [ J ].
engineering practice [ M]. Hoboken: John Wiley & Sons, 1996. Geotechnical engineering technique, 2017, 31(1) . 5-8,13.

[25] FEREIDOONI D, KHANLARI G R, HEIDARI M. Assessment [31] M4, Tiphs, BUE. ZE AR —BobE RS AL B A Rk 3
of a modified rock mass classification system for rock slope BEsh kI [J]. SFENL LR 5N, 2018, 54(24):
stability analysis in the Q-system [ J]. Earth sciences research 193-197.
journal, 2015, 19(2) . 147-152. KUANG J, ZHANG Y S, ZHAO ] B. Automatic detection of

[26] WU A Q, ZHAO W, ZHANG Y H, et al. A detailed study of rock mass fissure based on image processing of phase congruency
the CHN-BQ rock mass classification method and its correlations [J]. Computer engineering and applications, 2018, 54 (24 ).
with RMR and Q system and Hoek-Brown criterion [ ] ]. 193-197.

International journal of rock mechanics and mining sciences, [32]  OUAS. TG A0 B ) 25 F4 T 2% B Sk & a7 5 2 PEA
2023, 162: 105290. FETRFELD]. M A FRUEL TR, 2018,

[27] BIENIAWSKI Z T. 22-classification of rock masses for KUANG J. Study on automatic detection of structural plane trace
engineering: the RMR system and future trends [ M ]. Oxford: and evaluation of rock mass quality based on image
Pergamon Press, 1993. processing [ D]. Nanjing: Nanjing University of Science and

[28] MONTE J M. Rock mass characterization using laser scanning Technology, 2018.

and digital imaging data collection techniques [ D]. Tucson:The

(256 35 50)

[69]

[70]

[71]

BIPR R IR, R B T BIM ORIV 3R 36 0% Az 4
T[] HHRREZM(AABFM), 2022, 62(2):
199-207.
HU Z Z, LENG S, YUAN S. Intelligent operation and
maintenance management method based on BIM and data-driven
[J]. Journal of Tsinghua University ( science and technology ) ,
2022,62(2) : 199-207.

YUAN S, HU Z Z, LIN J R, et al. A framework for the
automatic of building

consumption data[ J]. Sensors, 2021, 21(4) : 1395-1395.
ZHU L, SHAN M, XU Z. Critical review of building handover-

integration and  diagnosis energy

[72]

[73]

related research in construction and facility management

journals [ J]. construction and  architectural
management, 2019,28( 1) 154-173.

ZRal, EAE, /N 5T BIM 1Y SR A8 4R HOT- A AT
FE[J]. BREZS I, 2017, 47(6) : 29-32,127.

LI T C, WANG J, ZHOU X P. Research on BIM-based

Engineering,

construction equipment operation and maintenance management
platform [J].
(6):29-32,127.

WANG H, MENG X H. BIM-supported knowledge management ;

Heating ventilating & air conditioning, 2017,47

potentials and expectations [ J ]. Journal of management in

engineering,2021,37(4) :04021032.



