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Compliance checking approach for BIM structural model under semantic web

ZHANG Ji-song', YU Ze-han', LI Hai-jiang’
(1. School of Civil Engineering, Dalian Jiaotong University, Dalian Liaoning 116028, China;

2. Cardiff School of Engineering, Cardiff University, Cardiff Wales CF24 3AA, UK)

Abstract: In view of the labor-intensive and low automation of the building information modeling (BIM) compliance
checking process, a semantic web-based compliance checking approach for BIM structural model was proposed. The
approach included three sub-modules: specification translation, BIM model processing, and compliance checking. The
specification translation sub-module can transform semi-structured design specification clauses into structured
knowledge, allowing for flexible query and reasoning. The BIM model processing sub-module can realize the
extraction, transformation, and mapping of BIM model information. The compliance checking sub-module can
implement the rules and generate checking reports. The method started from the way that the first order predicate logic
represented the structural design specification. By deploying the ontology construction tool protégé, the BIM
structural model information and design specification clauses were translated into the ontology knowledge base
through mapping and semantic web rule language (SWRL), thus enabling the query, reasoning, and compliance
checking of the BIM structural model. Finally, the frame-structure project verified the effectiveness and feasibility of
the approach. This study could provide a reference method for automatic compliance checking of structural design

based on BIM models.
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Fig. 1 Opverall design framework of the system



H2M

SRS, S BT SO BIM S5 RS RYGRE H A vk 371

R VR P8 H 3 B HE SWRL =0
JEE DA % SE A BE VRN A AR AR P, 3 A FH R S
SEMRTTRVE T RALRIE, JEXE o B Rk T 45
PR, AR AR E A SR . K,
5 R BE T R AR A 1R 2 2 A B A S BT 4%
HIO R KRB ER, JEA 525 SWRL #
U0 P28 RO EE T A

BIM 5 51 {5 B AL B 75 B ) 285 44 B T RIS
HEATAE U AT I LA T, TR BIM AR 55 (5
B RIS B TR U, CAUCRE AR %0
PR R B A X T A FH 93t BIM A s
BEE, KUAFT&Z B E. AFEET
PR T A A TR S A ) BV R BIM A
T (45 25 e R S Y 2% 3K ORE D T J& BT
VU PR, i b e 2 A% A R DA AR R A R A
12 RGIERIE

BIM HAIE A B o 245 EORIR, NEBhE
U A RS T B SR, g B T A
MR NG SR TS, BRI AT
[ R i TAERAE I 2 Fiow

B

A
IR0 P

RHEEE

At

| g CellfieksHt
e e  TwarEoep) | BIMBTLE |
T i I | hsmens |

RS B
AR

Pellet{EHEHL
HEHLE IR
SWQRLIE A AL ] T H
LRV A £ 4

B2 RGAKREE
Fig. 2 Overall system flow chart

Fa) JEE B A A N O 4 T R R BT A 4
VLA B BN RN E IR B 10iE S, IR
SEA LR A HERE Y SWRL U2, AN SCIREL (TR EE
+EEM BT HITE Y (GB50010-2010, fRiFR (JRFLY B!
Hh S 26 GEAT B R SN o BIML B (5 2 B A
SR TS AT T T A RS, A R GuEi

Revit HIEZ S0k s B, a3k i £
BhBA4HZ DL Excel k%20 H, [RIFFAA Cellfie fEHR
A LB Bk R A BR e i OWL 18 5 MLt 2 A
A, SRR AR AR A B A SR R
FI A BELL K BIM SE, 85 04 VR38R g

WG SR MR IE R, SEILEE T8 M
AT R AW T RE: AU AR 4 E 5 AT
ML T LAl BIM S22 B BIM AR 43 Rk
S RUAARIE LA 1) 77 I o 7E 58 A A4 ST N
RGE R A I BIM S WU B ARk 2 5, RSt
) Pellet R 5] B0 S 3 (5 B S AT H A HERE
FUMEE 4 Hh e 2 45 2R

2 HEREEENNE

2.1 HudiF

HETE A, ST RE R 7538 %, WA
Wi PR JETHN . T2, Flirst
ERT X G FETIE T AR k. Hddt
TR 2E 7 LA 78 T AR [R]85 P K,
RIBRNSERE. —MiBIAZEHETHSARIEEKR
EG A, R AT AR R . A
PR IN— 2 AU B R MR 1B B AR
P I BERAR FIR G X LB RS 1R A B, Tk
H A

FRYESCHR[SSIFITIR T I 40 ALEA TG
R, GEH BT RTE B AR ST LR 2 R0 R4 T2
o FLRBE P 0] Loy e M4k 5 e Bk,
MR FOE TR R & FVE L Tt DR
EHAT IR IR 1) 263K, — MO, JEA U
— R E S A, LSRN A T R 1) A
A LME A G R R I $8 S SO B e B Ak
e X b R T T B A AT A L B A PR ) ARk, TR
SEAERLREE VLI N SF L SR . N X K
SRS, BTN SRR I EE A B N T A B B
71, B MO, IREILSR, Fik, &M
TG R DL H A A R B R R

[, RIS St m] DA% BRI 1A 18 AR B R
WS NEESEAR. BEAHREERES
FIRWIFE, LB AT L3, TR RGE A
A AP HR AL & R A% 55| I F ARG £ A
kK, MR TIEERERE, FEAMTAR
EERE, HmE g A .

i 8 — B 18 1] 32 48 2 R AR R D7 T DO R



372 FEFT IR SRR

2023 4

TEERERHIP BRI N 3 0 O SRR IIAMER 5
HIA], 8 RS A LA & L ORI
FERIB T SR, RS A R] e N BEAS 15 38]  fAZ
By ORI 253K B AR R E 15 7] 5 > Aim] it
ATHEF?, WA & B AR R 2 O 1 A .
T BT S B MBI B R, TR AR A A
o HBEATIL, ASFE A E 7 20AT BB AN ]

IRRTERE T, BT AR T — P il i B i i e
PRI, R 1 1w X750
AR R 45 113 3. 5 11.4 mdtit
27 FAVE S AT R B, oA A MR R
Ko 2k B, BEARENE, HoFeEas R

2 GEEC QR % 11.3.5, 11.4.6 F111.4.16 %

M.
*2 HIFER

Table 2 Translation results

Fak AR WG JT B ) R SKE i
1) REMmEEAH BeamB(x): x EHE4EY i
i Vx(BeamB(x)—More(x,200)) camB(x): x RAER AL 52
/T 200 mm BeamH(y): y J&AEZ2 LA I = BF
135 (2) BT e 5 0 VxVy(BeamB(x)"BeamH(y)" BeamL(z): z JEAELRE RS
o EARE KT 4 Divide(z,y,x)—Less(z,4)) More(x,y): x KTy
(3) #¥4 s S = VzVy(BeamL(z)"BeamH(y)" Less(xy): x/hTy
FERE N T 4 Divide(x,z,y))—More(x,4) Divide(x,y,2): x & y BRLA z AR
] vx1Vx2(Column(x 1)*ColumnSection(y1)* Column(x): x AEHELEFE
(1) FEMRA I A A ) . .
~ Equal(yl,Rectangle)"ColumnShearSpanRate(y2) ColumnSection(y): y f&#k Bk
AL EHBSESLEA KT 24 More(y2,2) ColumnVe(x2)" ColumnShearSpanRate(y):
e, HZB#imes ) ColumnRre(z1)"ConcreteBe(z2)" BB ColumnVe(x):
_ 1 . ConcreteFc(z3)"ColumnB(z4)" Y E’~;ﬁ7‘ﬁﬁfﬁérﬁ i ‘f‘{ﬁ.
Vo= ~O20JP)  ColumnHO(zS) Multiply(26,0.2.22.73.,24,25)" oesBRRMBEA R
Divide(z7,26,21)—Less(x2,27)) ColumnRre(z): 7 & /KA HLAEIHEE R AL
ConcreteBe(z):  z &R 5# BE 521 2 4
11461 Vx1Vx2(Column(x1)*ColumnSection(y1)* ConcreteFc(z): z S0 50 B B THE
o Equal(y1,Rectangle)” ColumnB(y): y /& HESEH: T 95
(2) BIEsLL L /N TF 2 1 ColumnShearSpanRate(y2)" ColumnHO(y): v 5 HE 4 H: 8 T 4 2 3
T Less(y2,2)"ColumnVc(x2)" Equal(xy): x % Ty
. ColumnRre(z1)"ConcreteBe(z2) More(x,y): x KTy
V, <——(0.158,f,bhy)  ConcreteFc(z3)"ColumnB(z4)* L o F
Vzs ColumnHO(z5)*Multiply ess(xy): XMy
(26,0.15,22,23,74,25)" Multiply(ab.c.de.f.g):
Divide(27,26,21)—Less(x2,27)) a s bedefg MHEAR
Divide(x,y,2): x J& y LA z ISR
(1) HERRLs R b — e VxVz2(Column(x)"SeismicGrade(1)"
,r . . ColumnAxialLoad(y1)"ConcreteFc(y2)"
S GE SR T LEA .
; fL*MEEtMH ColumnB(y3)"ColumnH(y4)"Multiply Column(x): x FEHEALHE:
063 (21.y2.y3.y4)"Divide(22.y1.21)~Less(z2.0.65))  SeismicGrade(x): HLA%5541N x
Q) HEB L b rh — g VxVZZ(Colen(x)ASeismicGrade(Z)/\ ColumnAxialLoad(y): y f&4lE 1
e HE KR R ColumnAxialLoad(y1)"ConcreteFc(y2)* ConcreteFo(y): y /&R0 FEHE ¥ i
. ColumnB(y3)"ColumnH(y4) Multiply ColumnB(y): y 5 HESLHEARH 96
e AT 075 (71.92,Y3,y4 Divdela 2y Lt SLes(2075) o )' RS —
4.10- olumn H N A,
3 ferettoh = VXVZ2(Colunn(x) SeismicGrade(3)" N yr Y IR e
. N . ess(x,y): x MTy
o N ColumnAxialLoad(y1)"ConcreteFc(y2)
SEHESAE T EE Multiply(a,b,c,d):
e ColumnB(y3)"ColumnH(y4) Multiply ultiply(a,b.c.d):
AEART 085 (21,y2,y3,y4)"Divide(z2,y1,21)—Less(z2,0.85)) & b.ed FISLAR
(@) KEZ s Hch P i VxVz2(Column(x)"SeismicGrade(4)" Divide()/(\,y,z) :
O HHE R B ColumnAx1alL0ad(yl)AC0ncreteF({(y2)A x 72y BRUL z BISR T
KT 0.90 ColumnB(y3)*ColumnH(y4)"Multiply
\E_ .

(z1,y2,y3,y4)"Divide(z2,y1,z1)—Less(z2,0.9))

2.2 3L SWRL #NIE

6] —Rir 5171248 Horn JA)IIYJE, DRILIRZ 5 sk

SWRL &3 T W3CP?Y(Open web platform) T %
) — PR AERNE 5, FLREOE N IE 1718 4R 3 126 1)
TEAC A RIREE A A . SWRL 1872545 H4) H 72 iy
$2(Body). 45 H (Head)4 i, body iBid SWRL
P B 12 4 L (Built-ins) < R HEFEH 2] Head,
HHIsEA “>” Mi%. SWRL /&7 OWL %At b

l—BrifwZ AR K SWRL HLIU S o
VA LR RE OB, AR HE AN S LTS
BiAgE SWRL B, 11.4.6-1 45 FJE/RU0F:
11.4.6-1(1) HE 42 F= (?x1)"ColumnSection
(?7x1,7%x2)*ColumnShearSpanRate(?x1,?x3)*ColumnV
c(?x1,7x4)*ColumnRre(?x1,?7x5)"ConcreteBe(7x1,7x6



2 1

SRS, S BT SO BIM S5 RS RYGRE H A vk 373

)*ConcreteFc(?x1,?x7)"ColumnB(?x1,?x8)"ColumnH
0(?x1,7x9)"swrlb:stringEquallgnoreCase(?x2,"Rec
tangle" ) swrlb:greaterThan(?x3,2) swrlb:multiply(?x
10,7x6,7x7,7x8,7x9,0.2) swrlb:divide(?x11,?x10,?x5)
~swrlb:greaterThan(7x4,?x11)->Result(?x1,"11. 4.6-1
(1)-F")

11.4.6-1(2) #E %% #E (?x1)*ColumnSection
(?7x1,7x2)"ColumnShearSpanRate(?x1,?x3)*"ColumnV
c(?7x1,7x4)"ColumnRre(?x1,?x5)"ConcreteBe(?x1,7x6
)Y ConcreteFc(?x1,?x7)*ColumnB(?x1,?x8)*ColumnH
0(7x1,7x9)swrlb:stringEquallgnoreCase(?x2,"Rectan
gle")*swrlb:lessThan(?x3,2)"swrlb:multiply(?x10,?x6
,7x7,7%8,7x9,0.15) swrlb:divide(?x11,7x10,?x5) swrl
b:greaterThan(?x4,?x11)->Result(?x1,"11.4.6-1(2)-F")

SQWRL & if]iE = /&% SWRL Built-Ins #£47 1
¥R, mtbe LT —EmERER, HiIt SQWRL
REME R IF e SWRL M. B£T- SQWRL #4715
XAH), SRR BTk 4R, Kb R AR
HEH R 0 S2 15 B0, Sy Se e A8 R A iR A
Je S B B AR A, B/ T SQWRL il
R R v S tilbIWIR

BN B(?7x) » Result(?x,?745 1) > sqwrl:select
(2x, 245 R)

BN ARG SR YA E o

3 MBI AE AR IR E

3.1 RiEE

AARAE 1 S I B L2 B 57, R8BI A
RGURA A B U E R, FFrTHR
FEREE S, MR UM R BERER AL TaEA ). mIsE
LA FEA, TS AN A R g8 (Al B R EPEAS 3
1501,

A B AR KR <Lk 1
AR LR FTEAR . B ST e S5 i T RIE
ST AAR I L N ATEWs, IR S5 R
ARSI 7T AT SCHR AT, A2 S n] LR Y
AARHELE; KA QR HFAELLIEZ 1IFC 41
SER VLTI A EARE s W I ARE WL 3]
Kb H BTG SR Z s B AR
PEN Y RE~d: ) =R P Ve TR A an WS/ D B L RAE TP S
e BRI 7T AN RPEREERAN
ENENIER
32 EMBESEMENX

AW FIEEL protégé 5.5.0 1E NAARRY AT
protégé »— AN U U R A R G R R R R R

Gi, FT Java 15 5 HHEAR R IR RRI4ES, & H
AT L2 AR AR R TR 22—,

LATH ) G54 e v 00 H Y, AR SOR AR 32
o N EX RS AR o, HEM
)5 AR A0 T SC R B ) BT RV 2 B N SWRL
RO, S ol L 6 B ) i 1) 465 ) e T o 2 O
JE: AN B0 BIM BRI B AA 45 8., R
IFC-OWL #s A\ Feiigte, UKRKEAME, &%
IFC (17 SRbRtE UL R 5 e o R B AR e # A6,
AIOK CHBEXNR” KN 5D HTI: i
CRPRE SRR G R . T RT
BT RRAE SEFRTE DU R I T3 “MfE” 13k
THEME TR R M SRS, ST
12 HAR R Qs 3 s

Asserted

\&
v 0 ELe
v hhi

AniirEa
¥ER
-0 Ll R
- O AET R

s
EREEWET AR

- O PeBTh iR
.

- (0 TRELHAR
S
Bt
15

Hal
-0 WhiE

i1

kiR E

e

e
VERT
-0 R
- 0 ERERAT L S
1975
- fmgE
-0 RETERNE
-0 DR
HHE
L

3 SBIFRITE AR H %

Fig. 3 Structure design specification ontology category



374 SR T A

2023 4F

AARF R R IR RBIES I RS
S5¥dEE M 2 Fik . X5 & PE(Object properties)
i 2 MRRCEE. DM REM, E£4
T RER G THITE & 00 S RTHITE S
PR FF I LB R R, LUK %R
ok SRTE R OCER: £d & 1 (Data properties)ii
— NG B A& EHRE B . RTINS
JEME S HHR B T E L, SO TR R E PR E
X: fEH B FRERE T, “ BT TFRR
X RN “is—a” RIMEZIRKR, M RE
PERA IR IAPER LR SC RE N W T 8RB &
N: AT T EOR B SC SWRL B & U BT B 8945
BAFRBCE NI BN, A TR B G AT
THBAE . Kk, W& “DIEER” K, “F
BELR” K WERHARENE, KB RAT
JE MR E S OE At SWRL & &N,
“TUEGER” BERBIZE. PUESEHR. 45
SO TR HEAER, “FHEL” TR
53K 5 Classes N “HEXNR” KTETFHEHG—
B/, FEASREERS i, s SES
HEXN R EHEEGE: H/MEE “Result” J&
PR DT AR B B A5 R, il SWRL R IR AT FF(E
TAEW. PR ER GBI 2 1135, 1146

@ i
|

S |

N — o
& HhE |

@ HTFHRER
® EFiHE

® iy ek

A 11.4.16 56 SWRL 2 U B 5 K15 B o001, %
B R R WE 4 Frs.

Wit FRKE BRI E X, 5EK BIM BLAA
UM AR BARNESR 58 R R, SH %K
AR S0 BIM A P o 2 AR 3 T35 4 1
Kl 5 s

Data property hierarchy: owl-topDataProperty FIMEEE
) x5 Asserted

V-
o Result
7B IRE{ER
; B SeismicGrade
v EEEE
 vemEgt

-~ ConcreteBc
“. ConcreteFc
v iaTE
V-l t‘E
v
----- B ColumnH
----- B ColumnAxialLoad
----- B ColumnHO
----- B ColumnB
----- B ColumnRre
----- B ColumnVec
----- B Column ShearSpanRate
----- B Column Section
V-,

4 SWRL HLIUHH s 1k
Fig. 4 SWRL rules data properties

5 BIM &L B AR LT
Fig. 5 Main structure of BIM compliance checking ontology

3.3 BIM 1&ERYAR & 2| KRS
AEER GRELY 11.3.5, 11.4.6 F1 11.4.16 %
FNTE R S — MR BIM B8, DLUILSCI BIM A

TG BB AR U o 78 Revit . — D RE (R
e 4 m)NEZREE R, AR SRS 2 S, ikt
BUGHUREE L ARE, AL 12 MRS S 13 HAELE



H2M

SRS, S BT SO BIM S5 RS RYGRE H A vk 375

2, BIM A Ll RS ARE L 6 Fios

1 2 34
T
C Y ) it (&)}
=)
S
S
Llen
B8 B
IS
S
[ag]
A - A

3000 3000 1200
7200

a 2 (34
(@) (b)

B 6 BIM BAUREE () =468, (b) 4T K)
Fig. 6 Schematic diagram of BIM model ((a) 3D model;
(b) 2D drawing)

BT BIM ARUR G T A AR S HE
B, IR ARG, M THESERZ T1E R
(W5, BTy, B LSS5 2 I = 2 505
AT LT o 8 R ARIE N PUE S0
PR U £ 14 775 2R I R 2R f 3 SC (B Y g s A
JEPEAN G 38 58 BAE AR S 1 858 T 1035 3 BET R 2% 08
SCRMFERRERY b ] AR o 1 R R “if
7 SCAT BN A ThRERIT N, AR EAE
BIM AR A th g2 J LT {5 2 MRS B J152 15 2.
heerds. MLEMGE. BRHINRAULEEG KA
R W AE T CFE T IS T LR TE,
Bk A F A4S R 70 31 TFC A5 2Y o DU J 28 77 (A
Flo AW FT LN 78 Je 1 0 77 sCREAT 8 AT 1 L+
B, PSS H0 N 7B 810, Sk
HAERORE R . ZIRE BRSO ML
s ROTRREE S S5k bl A B . DAHESRAE 99,
X e E S E B 7 R .

FHEH ER R0k Sk o s 3 T
e I ST A
Lt [ x
TR - - ——
. M B
wen 500 x 500mm
Wik .
5L (1) B
_ ESEEReRN 10000
N, NESE 2
L EEEERhNREE. 1.0000..
FilE et 2.2000...
) L2 5000
= EEEHERE 5000

LT T T |
ERGHEAEE 4200

L

7 RAPLESHORERAT MG B X+ E
Fig. 7 Semantic enrichment of structural information
by shared parameter assignment

MR A T VERT BIM 258 AR5 G
(B A RE ), ASCK BIM BB T #1820, 4F
BBUE T 16 e AE Mt (R 3), LME T IR
AR

Wi H protége BRI Cellfie ¥ Excel #ifs s
#)9 OWL #X, AL LSl i 77 20K B 7515
BN, #1875 22 H 3] Transformation Rules,
o vk o 7 2L 8 i MappingMaster DSL .
MappingMaster {8 FH 4455 & 75 5 (DSL) & LA H,
TRIENEF] OWL AR . ZiEF 5T OWL
TV, AR OWL Ak p s & i 51,
BIM AR 4 (1) J8 14 A5 BRI AN [R) A B 2 4,
INEUEESE . AR ERE, protégé KR FEEHE SRR
HIANFIZE Object Property BY, Data Property HH i1 4H
N7 J& 14 o A2 0tk BIM B2 E 8 s D e 2 Ak
SEI TR S AR EMR P R, A RN 8 T

&3 EBEDMIZEN 16 LT &R
Table 3 Predefined 16 unconformity of model
ETRS BB
ZEIEKTH BT 77 1 500(700)

1
KL1 2 ZRANFHTC T ZE 0.4(0.25)
3 $ii S5 10 2% FE 100(40)
4 VRt L2 R X E 200(120)
5 1 % 5% 100(200)
KLS 6 B L 5(4)
7 RUH S = L 3(4)
8 1 % 5% 180(200)
KL12 9 B L L 4.1(4.0)
10 4 755 I X A FE 500(900)
K71 11 FE i R 550(500)
12 FESZ BT BY 7 950(650)
13 FEBY 7 THE 658(800)
KZ5
14 B LE 1(2)
K27 15 41l 455 0 25 X JBE B 350(250)
16 B EE 0.9(0.75)

e HE S IREBUR A IR B

BmsE | Description {ERE BMESE] Fropery assertions K21 IEEE

*xu v

L IE ] L Lo s

Suin b diid = ColumaShearSoar
o2 S 25

L LSEH] ®rz2 S Colmih 508
& P = seismicGrade 2
3 e
L I L 1+ " i

L it s

@KL L L4 erty sssertor

L Lk ®rzr m=Beaml. 3000
P oKz m=Beam 600

L L) Sz W Bcmi3. 380

B8 BIM R E 4wt 2 A1k
Fig. 8 BIM model data mapping to ontology

B BRI R SWRL 5 2 AU 42 5 N AR
SWRL Tab, i protégé H' Pellet HEFE 5] ZE X} A\
) SWRL U BEATHEFE, Pellet &k THIRE
HE U HEFEHL, 5 protégé —FEHF Java 1B S,



376 FEFT IR SRR

2023 4F

BA RMFRAESHEE YR fEHEE 5| 85t mE
ITHER, HEERZE SR [AIF] “Individuals” HHREHT 25
RV A AR HTR . 25T SWRLAPllet [
Ja, HOEHERA R AETH, TR,
SERNE 9 P

Property assertions: KZ7 =10]Es|
Ohject property assertions
Data property assertions

B ColumnH 500

B ConcreteBc 1

B ColumnRre 1

B SeismicGrade 2

BN ColumnAxialLoad 4000

B ColumnB 500

B ColumnVc 4000

B Column Shear SpanRate 2.2

Bl Result "11.4.16-1(2)-F"**xsd:string
B Result "11.4.6-1{1)-F"*4xsd:string
B ColumnHO 420

B Column Section "Rectangle"*#xsd:string

Property assertions: KL7 MEMmEX
Ohbject property assertions
Data property assertions

B BeamB 100

W BeamH 600
BN Result "11.3.5-2-F"**xsd:string
Bl Result "11.3.5-3-F"AAxsd:string
B Result "11.3.5-1-F"*Axsd:string
BN BeamlL 1200

B9 HrERELE R
Fig. 9 Partial reasoning results
HEF 58 5 35 T SQWRL 7 1% & LB F1F
Y EHAEMEH BRI AW AR
CSV SCfHHant, B r)di A as RILE 4.

x4 AHMFEEER
Table 4 Compliance checking results

Gy Bane 4 e sk
1133 SZ BT BY iR
KL1 11.3.6-1 i 527 B G i A A1
11.3.9-1 PATENIIE S IS
11.3.1 vy R 52 R X R R
KLg 11.3.5-1 AT FE R I /)N
11.3.52 AT A 9 LR
11.3.5-3 AT 5 e L
113.5-1 =TT SURAN
KLI2 11.3.52 A w9 LR
11.3.6-3.1 i i 5 2% XA B N
<71 11.4.1 FE b o A S T HE R
11.4.6 SZ BRI BY Jid K
K75 11.4.3-1 BABIHMEAR G
11.4.11-2 BYES it/
11.4.15 i A5 00 25 X B R I K
KZ7

11.4.16 L= AVPN

4 PSTE

Eastman"?2 4 35 T BIM (14 H 1t 5 25 15 F#2 43
RO P BIM AL AERS . BUNBAT FIHEERE . A=
AR 4 NP, NMEEMTREBAE, &0
PR AR SEIIE TP 7 S S JET BIM B
“WItEE” FMIE TR EN “%RELE. &
R A AR, 2% BT EERA A
LR AT LU, T il o A 4

T S E AR R 1 LR R T IR FE— AN
5io ¥ BIM LR B 238 U EREE R, AT LASZELK
#7218 %, Hl4n IFC-STL, IFC-OWL, IFC-XML,
IFC-JSON %5, AW RZEARZ ITEH R —M. 5
Ah, XFFITERIE R, ARFRONT T, Rkl
LA H R 1E 5 b B R AL 2% 27 > R B2 2 2
SRS, DB A .

MM KBRS M AL ERRE, WRE
20%~30% M5 T 2630 BT HABDHI A . TEEAS
T DA HAth AR L, BT TE R 3 T-B 1A 19 SWRL
BT SRR 2, DRIk, AR SCAEAE DLR R BR

(1) e ey, Bk SR B AR k%,
TR R A —E R W B4 3K BE T LA
GYAE R o, Wl DAY TE MR B A RE”
W, ANENRB I s 7 AT LR B A R R R 5
g5

(2) FETE F BRI 2%, R AR SEEAT A
SGE W “ER”, BRI A REREAT . RIS, X
TRRT &G, &R AR 2 D,
HAEFEPE N R H CERHYER . Hok, W TREE
BRI AR, BT AIREMKERE, &
I3 Sk R BB BRI AT e 1R

(3) TERVE L B R e Pk, eI E
RN R T SRR A M 2R K 22 2 ) T R
FHYEEE . A SRR Rt e b, E BAR BT )i
R R BRI SEH, 8 AR B B Ak
PRI, FE TFC H %A FH B 1) SR AT XL (Rt
X T VA KRR M SR o B TR, WA EAR
WEFTE 2 N o KRR LA B E M 2% a1 e
R, R AR E R AR, BURH AR
(177 AT N T B .

Ext ETHRI() ~(2), Q05RHN THEadknr DL
SEPL, AR B IRE S BRI, PR
S SN

4, ESR SWRL AT DL R K T S8 %



H2M

SRS, S BT SO BIM S5 RS RYGRE H A vk 377

T2k (B AR SEILR B A S5 #  Mr Th e (Un 1 HE 2
AR 256 LA 5 ) (7 SR T i 1R 22 Pkl 5 WL o 2 2R
GRS BZ A AT RS e Thag, Bk
FL AT b IR JBE 1) 45 460 2 H B E R — ME AR T Y
. WR R G E T ThRe, IR 258 S H Al
SR IT IR D RERE 75 BB A IR s SRS B 25
W iRe, 2SBEET BIM ZiMEAKEEE
mho BRI, EBCRRERZ M H 62T BIM B 1
AT, W B A R AV A

5 £RiE

ARSI A SRS ) BIM RS # 35¢
THEMEFH ARG, HAOE TR B
AR, 2 AR Fe ¥ A IR 263 L& BIM
RGBT B A B mE i, ARSI s 5
el B DL RCERR, SERRE SIS RIS & .
EFEN ARG AR —E R RRE, REHITE%
AR ZSE LN SWRL 1 & HITE A TE RN, Ho R
FORBA I AN BERE IR AL . BEAh, F5HBE
THRE RSN ERT, SRR E R KA
Wroe s i Ae, REMVEHE S AEHERR R,
WA, BT ARG Z R MW e it —
Toe.

ASCHR BT AMEH) BIM BB R B ih& 41
Ve R G0, HAZOAE TX BIM 2504 Bt AL (5 5
FIHUAE 2% 3, JE I R A SWRL #1211 FH A4 44
EER IR A, SEBLRTE 25 T e AR Y UL g
EEHE, FERE SR E RS A AHT T R A
HEE D BETH SO BIM HEZR S5 R Y A Dy o 21 5K
BIIGAE, R AJTETEM TR GEAD A
B RYE, WAPRRIZIAY R R BRI A USRI
M AR R BEAT SIS & 0 T RN AR &
AN W R IEAT s R R 2B Ik . %7 IR RENE IRk
/b B AT IR & R0 A AR S AR RO, PR
AR EMNE, RmaEHE AR, dEE
AR, NREITRERIZR A& &
TSR AR -

SEHL (References)

[1] %5, 5kXE, &R SRR TR S EEFA A
SRR @R, 2017(9): 62-65.
CAI L, ZHANG W Y, MENG L.
enlightenment of supervision of construction engineering

Introduction and

design review in Germany[J]. Project Management, 2017(9):
62-65 (in Chinese).

(2]

[10]

[11]

[12]

[13]

[14]

EAE, BALH, BEFA. FET AutoCAD I Ik ITRIHL
HEZR S5 KB T AL B A% [T]. Tk 25T, 2018, 48: 119-128.
WANG Y N, PENG Y P, ZHAO J S. Realization of digital
audit of frame structure based on secondary development of
Autocad[J]. Industrial Construction, 2018, 48: 119-128 (in
Chinese).

Je . HE SR S5 TR & A AR BT AL AT 5L (D). i
HD TR, 2014,

LONG Z. The procedural digital research for construction
drawing review of frame structure[D]. Wuhan: Wuhan
University of Technology, 2014 (in Chinese).

KETT. BY 7788 JOHE 22— B 77 5l 25 4 i T Vel o Al R B A
HIBFF[D]. B B TR, 2014

CHU J. The research of construction drawing review
digitization about shearwall structure and frame-shearwall
structure[D]. Wuhan: Wuhan University of Technology, 2014
(in Chinese).

ZEM, Mg, [Ih, %R BIM MR ¥ S ST
TH M Y ASEE R [T]. B2 541, 2022, 43(3): 522-529
JIANG L, SHIJ Y, FU G Y, et al. Identification of the plane
irregularity of structures based on BIM and deep learning[J].
Journal of Graphics, 2022, 43(3): 522-529 (in Chinese).
MBS, AT, @SBt BIM BRI B Sk
BEFL[I]. BRI, 2016, 32(4): 140-145.

SUN C Y, KE X. Method of automatic design code checking
for BIM models[J]. Building Science, 2016, 32(4): 140-145 (in
Chinese).

TS, BTN, HESOME, S5 R T BIM BRI
BHEM ] B 2SR, 2021, 42(1): 133-140.

ZHANG J S, ZHAO L H, CUI Y H, et al. Code compliance
checking of structural design based on BIM model[J]. Journal
of Graphics, 2021, 42(1): 133-140 (in Chinese).

FKAFAE, W, BIM MR Gk & T A RS MAN]. £
HW TG BHAR, 2018, 10(2): 1-6.

ZHANG H H, GU M. Research and application of intelligent
BIM model tools[J].
Technology in Civil Engineering and Architecture, 2018, 10(2):
1-6 (in Chinese).

K. 50 BIM BORAE B FIB A J 6 22 o i) ST
WEFE[D]. T & ST KA, 2021.

ZHANG X Y. Research on the application of computational
BIM technology in the compliance checking for architectural
design[D]. Qingdao: Qingdao Technology University, 2021 (in
Chinese).

Xjgt. FEF BIM (W45 B YE
IR, 2017.

LIU H. Research on BIM-based examination method of code
for structural design[D]. Chongqing: Chongqing University,
2017 (in Chinese).

CHOI J, CHOI J, KIM I. Development of BIM-based
evacuation regulation checking system for high-rise and
complex buildings[J]. Automation in Construction, 2014, 46:
38-49.

ZHONG B T, DING L Y, LUO H B, et al. Ontology-based
semantic modeling of regulation constraint for automated
construction quality compliance checking[J]. Automation in
Construction, 2012, 28: 58-70.

ZHANG S J, TEIZER J, LEE J K, et al. Building information
modeling and safety: automatic safety checking of construction
models and schedules[J]. Automation in Construction, 2013,
29: 183-195.

TAN X Y, HAMMAD A, FAZIO P. Automated code

checking Journal of Information

AITVEWTFL[D]. HIK:



378

FEFT IR SRR

2023 4F

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

compliance checking for building envelope design[J]. Journal
of Computing in Civil Engineering, 2010, 24(2): 203-211.
HAUBLER M, ESSER S, BORRMANN A. Code compliance
checking of railway designs by integrating BIM, BPMN and
DMNT[J]. Automation in Construction, 2021, 121: 103427.

XU X, CAI H B. Semantic approach to compliance checking
of underground utilities[J]. Automation in Construction, 2020,
109: 103006.

AR, HOBESE, X%E, S5 JETREREN IFC B ATk
HEFL[T]. B4R, 2019, 40(6): 1099-1108.

GAO G, ZHANG Y M, LIU H, et al. Research on IFC model
checking method based on knowledge base[J].
Graphics, 2019, 40(6): 1099-1108 (in Chinese).
XUBE, RIRYE, FRE, S KRESTE BIM R A R
MAFFE[CY/SE N JE4aE BIM RSV CE. dbnt: 1 E
B Tl H Rt 2020: 122-126.

LIU Y, WU L T, LIANG X, et al. Research on application of
knowledge graph in BIM model review[C]//The 6th National
BIM Conference. Beijing: China Architecture & Building
Press, 2020: 122-126 (in Chinese).

JARP, mEE, BT FET AR EE ) BIM AL A AR
AN R R AR B TVE[CY/E L m A E BIM AR &1k
SCAE. dbE R EESR T AR A, 2021: 479-483.

ZHOU J Y, XIANG X L, MA Z L. Automatic checking
method of component topological relationship of BIM
electromechanical model based on knowledge graph[C]//The
7th National BIM Conference. Beijing: China Architecture &
Building Press, 2021: 479-483 (in Chinese).

W, HER, WER, & JET RRERE MR B i
T A NECY/S-BE4E BIM ¥ ARSBGECE. Jbat:
R S Tl H R, 2021: 474-478.

ZHENG Z, ZHOU Y C, LIN J R, et al. Performance based fire
protection design review method based on knowledge
graph[C]//The 7th National BIM Conference. Beijing: China
Architecture & Building Press, 2021: 474-478 (in Chinese).
RURYE, ALK, B, S5 B IUHLHL B R KR @ A
MACY/FEBEAE BIM #EARSUGECE. bt hEE
SV S A, 2021: 489-496.

WU L T, LENG S, LIANG X, et al. Construction and
application of knowledge graph of building electromechanical
equipment[C]//The 7th National BIM Conference. Beijing:
China Architecture & Building Press, 2021: 474-478 (in
Chinese).

ZHAE, . SR BT A R A S O] &
KT S H AR, 2017, 34(5): 60-65, 89.

JIANG S H, ZHOU H. Semantic-based approach for
compliance checking of construction industry[J]. Journal of
Civil Engineering and Management, 2017, 34(5): 60-65, 89 (in
Chinese).

WEEHS, SEEe. HT BIM 4R 1B E ). A
g HARELER, 2020, 60(10): 873-879.

LIN J R, GUO J F. BIM-based automatic compliance
checking[J]. Journal of Tsinghua University: Science and
Technology, 2020, 60(10): 873-879 (in Chinese).

ZHOU Y C, ZHENG Z, LIN J R, et al. Integrating NLP and
context-free grammar for complex rule interpretation towards
automated compliance checking[J]. Computers in Industry,
2022, 142: 103746.

ZHENG Z, ZHOU Y C, LU X Z, et al. Knowledge-informed
semantic alignment and rule interpretation for automated
compliance checking[J]. Automation in Construction, 2022,
142: 104524.

Journal of

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

JOAO S J, PATRICIA T, JULIANA P B, et al. Automated
compliance checking in healthcare buildings design[J].
Automation in Construction. 2021(129): 103822.

ZHENG Z, LU X Z, CHEN K Y,
domain-specific model for
processing tasks in the AEC domain[J]. Computers in Industry,
2022, 142: 103733.

SOLIBRI INC. Solibri model checker[EB/OL]. (2018-02-10)
[2022-05-01]. http://www.solibri.com/.
GREENWOOD D, LOCKLEY S, MALSANE S,
Automated compliance checking using building information
models[C]//The Construction, Building and Real Estate
Research Conference of the Royal Institution of Chartered
Surveyors. Paris: RICS, 2010: 266-274.

MALSANE S, MATTHEWS J, LOCKLEY S,
Development of an object model for automated compliance
checking[J]. Automation in Construction, 2015, 49: 51-58.
EASTMAN C, LEE J M, JEONG Y S, et al. Automatic
rule-based checking of building designs[J]. Automation in
Construction, 2009, 18(8): 1011-1033.

ERFE. BT BIM RIS 7 RGBS 5 IR A
DAY TR 5 AR P R B T A I[D]. B PR SRR, 2015.
WANG S X. A study on the method of architecture design
assited by rule checking technology based on BIM-practice
and exploration on the Sichuan university, west China hospital
medical technology building project[D]. Chongqing:
Chonggqing University, 2015 (in Chinese).

ZHANG J S, EL-GOHARY N M. Integrating semantic NLP
and logic reasoning into a unified system for fully-automated
code checking[J]. Automation in Construction, 2017, 73:
45-57.

BERNERS-LEE T, HENDLER J, LASSILA O. The semantic
web[J]. Scientific American, 2001, 284(5): 34.

PAUWELS P, ZHANG S J. Semantic rule-checking for
regulation compliance checking: an overview of strategies and
approaches[C]/The 32th International CIB W78 Conference.
Eindhoven: CRC Press, 2015: 619-628.

DEBORAH L M, FRANK V H. OWL web ontology language
overview[EB/OL]. (2004-02-10) [2022-05-10]. https://static.
twoday.net/7 1desalbif/files/W3C-OWL-Overview.pdf.
GOMEZ-PEREZ A, CORCHO O. Ontology languages for the
semantic web[J]. IEEE Intelligent Systems, 2002, 17(1):
54-60.

PAUWELS P, ZHANG S J, LEE Y C. Semantic web
technologies in AEC industry: a literature overview[J].
Automation in Construction, 2017, 73: 145-165.
YURCHYSHYNA A, ZARLI A. An ontology-based approach
for formalisation and semantic organisation of conformance
requirements in construction[J]. Automation in Construction,
2009, 18(8): 1084-1098.

PAUWELS P, VERSTRAETEN R, DE MEYER R, et al.
Semantics-based design: can ontologies help in a preliminary
design phase?[J]. Design Principles and Practices: an
International Journal-Annual Review, 2009, 3(5): 263-276.
PAUWELS P, PLANNING U, DE MEYER R,
Visualisation of semantic architectural information within a
game 10th
Conference on Construction Applications of Virtual Reality.
Sendai: CONVR2010 Organizing Committee, 2010: 219-228.
PAUWELS P, VAN DEURSEN D, DE ROO J,
Three-dimensional information exchange over the semantic

et al. Pretrained

language natural language

et al.

et al.

et al.

engine  environment[C]//The International

et al.

web for the domain of architecture, engineering, and

construction[J]. Artificial Intelligence for Engineering Design,
Analysis and Manufacturing, 2011, 25(4): 317-332.



52 TREM, F FETIE X BIM S5 5RLA M A ik 379

[43] REZGUI Y, BODDY S, WETHERILL M, et al. Past, present [55] BLOCH T, SACKS R. Clustering information types for
and future of information and knowledge sharing in the construction semantic enrichment of building information models to support
industry: towards semantic service-based e-construction?[J]. automated code compliance checking[J]. Journal of Computing
Computer-Aided Design, 2011, 43(5): 502-515. in Civil Engineering, 2020, 34(6): 04020040.

[44] HIJELSETH E, NISBET N. Exploring semantic based model [56] PAUWELS P, VAN DEURSEN D, DE ROO J, et al.
checking[C]//The 27th CIB W78 International Conference. Three-dimensional information exchange over the semantic
Cairo, Egypt: CIB W78, 2010: 54-64. web for the domain of architecture, engineering, and

[45] HJELSETH E, NISBET N. Capturing normative constraints by construction[J]. Artificial Intelligence for Engineering Design,
use of the semantic mark-up RASE methodology[C]//The CIB Analysis and Manufacturing, 2011, 25(4): 317-332.
W78-W102 Conference. Sophia Antipolis: CIB W78-W102, [57] e N R ILAEAE B M 2 @3 Es. Rkt e
2011: 1-10. GB 50010—2010[S]. db3t: of [ @40 Tl B A4, 2011,

[46) PAUWELS P, VAN DEURSEN D, VERSTRAETEN R, et al. Ministry of Housing and Urban-Rural Development of the
A semantic rule checking environment for building People’s Republic of China. Code for design of concrete
performance checking[J]. Automation in Construction, 2011, structures: GB 50010—2010[S]. Beijing: China Architecture &
20(5): 506-518. Building Press, 2011 (in Chinese).

(471 PAUWELS P, TERKAI W. EXPRESS to OWL for oo apocin Fymim mmise. 3T — Wil i e o 5 4 i it 1
construction industry: towards a recommendable and usable e e e T e
ifcOWL ontology[J]. Automation in Construction, 2016, 63: WERRITAIOL). LA G T A ) 985, 2022:
100-133. 1-10. [2022-05-01]. https://kns.cnki.net/kcms/detail/50.1218.

[48] PAUWELS P, KRIUNEN T, TERKAJ W, et al. Enhancing the TU.20220423.2146.004.html.
ifcOWL ontology with an alternative representation for ZHANGTS, YU Z H, ZHAO L H. Representation of structural
geometric data[J]. Automation in Construction, 2017, 80: design specifications based on first-order predicate logic[J/OL].
77-94. Journal of Civil and Environmental Engineering, 2022: 1-10.

[49] BEACH T H, REZGUI Y, LI H, et al. A rule-based semantic [2022-05-01]. https://kns.cnki.net/kems/detail/50.1218.TU.
approach for automated regulatory compliance in the 20220423.2146.004.html (in Chinese).
construction sector[J]. Expert Systems with Applications, 2015, [59] World Wide Web Consortium. W3C standards[EB/OL].
42(12): 5219-5231. (2021-04-24) [2022-05-01]. https://www.w3.org/standards/.

[50] ZHANG J S, EL-GOHARY N M. Semantic NLP-based [60] World Wide Web Consortium. A semantic web rule language
information extraction from construction regulatory documents combining OWL and  RuleML[EB/OL]. ~(2004-10-15)
for automated compliance checking[J]. Journal of Computing [2022-05-01]. http://www.w3.org/Submission/SWRL.
in Civil Engineering, 2016, 30(2): 4015014.1. [61] RODRIGUEZ M A, BOLLEN J, VAN D S. A practical

[S1] SALAMA D M, EL-GOHARY N M. Semantic text ontology for the large-scale modeling of scholarly artifacts and
classification for supporting automated compliance checking in their usage[C]//The 7th ACM/IEEE-CS Joint Conference on
construction[J]. Journal of Computing in Civil Engineering, Digital Libraries. New York: ACM, 2007: 278-287.

2016, 30(1): 04014106. [62] NOY N, MCGUINNESS D L. Ontology development

[52] VENUGOPAL M, EASTMAN C M, SACKS R, et al. 101[EB/OL].  (2005-07-18)  [2022-05-10].  http://protege.
Semantics of model views for information exchanges using the stanford.edu.
industry foundation class schema[J]. Advanced Engineering [63] Stanford University. Protég¢[EB/OL]. (2018-03-01) [2022-05-01].
Informatics, 2012, 26(2): 411-428. https://protege.stanford.edu.

[53] BELSKY M, SACKS R, BRILAKIS I. A Framework for [64] CONNOR M. Mapping master DSL[EB/OL]. (2020-06-20)
semantic enrichment of IFC building models[C]//The 30th CIB [2022-05-01]. https://github.com/protegeproject/mappingmaste
W78 International Conference. Beijing: Tsinghua University r/wiki/MappingMasterDSL.

Press, 2013: 514-523. [65] NAWARI N. The challenge of computerizing building codes

[54] BELSKY M, SACKS R, BRILAKIS I. Semantic enrichment in a BIM environment[C]//International Conference on

for building information modeling[J]. Computer-Aided Civil
and Infrastructure Engineering, 2016, 31(4): 261-274.

Computing in Civil Engineering. Reston: American Society of
Civil Engineers, 2012: 285-292.



