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Abstract: Ensuring a balance between information supply and information demand among all stakeholders at each
project stage is crucial for harnessing the full potential of building information modeling technology in project life
cycle management. While many standards have been established at national, local, and corporate levels to standardize
delivery requirements, there remains a lack of efficient model integrity checking approach to facilitate participants to
deliver project information in a timely and effective manner. Currently, the conventional means of checking model
information for each stage of delivery was manual and machine hard-coded. However, they suffered from high labor
costs, missed judgments, and limited flexibility for updates. Considering the technical advantages and applications of

the semantic web concept and related technologies in knowledge organization and management, and combining the
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results of existing digital delivery standards for power grid engineering, a semantic web-based BIM model integrity

checking approach was proposed. It was composed of three parts: 1) establishing integrity checking ontology and

model to-be-checked ontology using SKOS; 2) instantiating knowledge in the delivery standard and actual model

information to the knowledge graph; 3) correlating the two through specific relationships and automating integrity

checking on this basis through SPARQL. Finally, the validity of this method was demonstrated through case studies,

showcasing its applicability in engineering project delivery integrity checking in other fields.

Keywords: building information model; model integrity checking; semantic web; industry foundation classes;

building information model delivery standard
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Fig. 1 Semantic web-based BIM model integrity checking approach for power grid project
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Fig. 2 Ontology of model integrity check for power grid engineering model
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Fig. 3 Coding rule for the classification system
of electrical engineering BIM
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Table 1 BIM classification information table of power grid project collated according to the delivery standard (partly)
i KRR SIS ARG FPEL
10-10 TSE AR s TR 1 Transformer substation engineering
10-10.10 EEG A TR 2 Electrical engineering
10-10.10.10 PEL HA—IK 3 Primary electrical engineering
10-10.10.10.10 PEE — K& 4 Primary electrical equipment
10-10.10.10.10.01 MTF R A 5 Transformer
10-10.10.10.10.01.10 MT FAEA 6 Main transformer
10-10.10.10.10.01.20 ST il AR R 3% 6 Station transformer
() PRSI L. 22 b B s XA
3R e R 3 AR — 25 6 0 N ]
RLHFR. RE IFC s =4e@BR a2 W E
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PRy itk AL, e TTERTSHELE, MY,
PSS, BUAE BUEHE . BUE RIS IR &S S
B, DREHSH. gikSH. BRESEER.

Tt TR B

Tt A BBt

JE A

4 TUH BB BUEE X R IR AR R AR
A4S JE TR R
Fig. 4 Property requirements for PEE transformer
in each phase of the project
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Table 2 Property requirements of transformer (code group)
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WESH el MU A 5 H P Nt kv - 2 IR
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e Hi SR il 2 it A

=3 B PEAZ M
Table 3 The naming rule of grounding resistance
FEth B
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W PR T X

1 eSSBS E2 GRT

2 LR A5 (kV) HL S5 AR
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BB 35 kv WA RS LigEIR
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B A0 G A 4K (simple  information model
ontology, SIMO) & £ 45 14 4. 3¢ 7~ BIM HE A x v
SO R g A Al Tl . SRR EA
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ARTCERIA RS FRBEATRIIR . SIMO [ KR
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RYA AR 56 £ Vo 8 AR 2 [ R MR 48, /2
BIM A58 0 56 £ PR o A ZER UL L Y oG8k, 5 A7 1E
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isInstanceOf X} G J& 4T KBk

a. KE L.

B s & M AT E UL BIM 5 BAH 2
B, X EW R

+ simo:AssetInformationModel (¥8183EF 221}



1028 S B T A R 2023 4

2 H FHEUE B AR B, + skos:prefLabel (BRIAFRZE);
+ simo:Elementlnstance ({815 % &M RS + skos:altLabel (71 44);

Fa45) 5 +  pgo:GUID (4= J&ME—FRiRFT);
+ simo:PropertySet (81X R G R K & + simo:Unit (FALA7);

PEEEE ) + simo:PropertyValue (J&4£1H)-
« simo:Property (fR/0HR Gt 14 @8 1 &£ M5

E@El‘iﬁi)o ________ R ?ﬁﬁﬁ%ﬁ@ﬁl&%
e ) (e )
U\ IFC @*E 1‘;% ﬁﬁﬁ% E(J 1T *5 Iﬁ H 1% :% E %E oy isCompc:)sedWith hasP?operty

564 M i A A ; ;

A4 200 B O ], (X RR € N 0 58
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JeE 1tk «

+ simo:isComposedWith (i1 &1 5
T H B G B B R R

+ simo:hasPropertySet (il f# & X R 58

PEBETE LA RIBER )
simo:hasProperty (i J& P45 & X 5 & 1
E XA E R R).

c. B¥EmiE KRR E L.

SIMO ¥ Je 1)Kt Ja8 1 B J 1k v A 3

hasPropertySet

v
ElementInstance }{ PropertySet ]

BEl5 A RERAR(SIMO)
Fig. 5 Ontology for the asset information model
to be checked
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(1) 7 RAE BRI, B, WIS A

R RAIVE R Hk, A AR R TR
IfcElement f HF-JS52], B 2 5 B & R Gk 28

Information retrieval and graph instantiation for the integrity checking from the delivery model

BRI HIREE; Bk, ¥ simo:Elementlnstance

SEA, R S S A A AR HE D R R G
2RI L) simo:isInstanceOf 415 ; &5, MAS TR



5 W

T, . TR WAL R T AR BIM AR R 5¢ £ 17 27 vk 1029

A g BOZ A ) 24 FR 0 R IR AR GUID 45762k
&, THLHUE L.
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1, THFEAE B R T TFC B B R 5
KRGE &N A BT B 70 28 R 58 2 18] 1) R
TEAEZE 5, DAL I 75 5 AH O R 4SS 2 22 3R gk AT 43 28
Wit . A7 5 & B IfcRel AssociatesClassification &
XH R LB SRS KRG T AT R
e, mEdEAA T N 7 s

IfcRelAssociates D S5
Classification_1 S¥
RelatedObjects - I:l ZH

RelatingClassification
IfcClassificati i
RelatedObjects CRC ?SSI 1cat1|on f:*
eference_ !
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7 IFC 5 HAh 2 K R G 7 W 7k
Fig. 7 Category mapping for IFC schema and other
classification systems
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1752, # 4 IfcRelDefinesBy Type SZfff, A i
iI RelatingType.HasPropertySets % i#% 3k H 21| 4 5%
JETEERE S ok, #— BB IEE T 1
HasProperties 3815 J& V€ A5 B FRk, W Bk
& BB simo:PropertySet SZf A1 simo:Property £
s e, 5635 95145 2., R simo:hasPropertySet
F simo:hasProperty %37 % B RIEK R .

(3) Ll PRSIt . B, FERE H bR E
BN R FEA |, 3 P 38 n) J& M isDefinedBy H
HIJGZ&, # N IfcRelDefinesBy Properties SZ41, I
At RelatingPropertyDefinition 1E [A] J& 14 38 H 2]
R EMESEE X Jasad i85 288 & 14 1 S a4k
—¥, AR,

s EL ORI e, BRI E Ak T AR R P
i 7 B by e A G R & 7% isDefinedBy H T
R, e BN R A7 AE S e M i R R 1
fh oL, TG A AR

A Rl ) 52 £ 1 LS R A A R 1
A SR SEF]E L simo:isInstanceOf X 4 J& 14 &
ORISR, AH RIS 5 X RATAT WA 5
LR, JEYETR RN AN B ZE AR,
Wk 8 ivr, AJEEH EHATH SPARQL i &

kAt

2 A2 M - fAe 1 [ " ST
; w§@§§4% : DB R A
I ! |
Y N
! Nt R i simo:Asset i
| pgo:NamingRule _E _E E InformationModel i
P ! ! !
1 ! ! ! . ! . !
i hasNamingRule E ! i isComposedWith i
1 ' I |
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i . v s e simo:Element |
i pgo:Element bt —m e H Instance |
| S | islnstanceOf | |
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i hasPSetTemplate E 1 hasPropertySet i
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i Template 45 +i simo:PropertySet i
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i hasPropTemplate | | hasProperty |
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i pgo:Property 1 | . '
i Template [mmmTTTTTTr T simo:Property !
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Fig. 8 The interactive relationship between PGO and SIMO
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SPARQL )15 5 I 20 35 56 BodH 5% o 7 TAF:,
%t F 2 LB B2l SPARQL & A K R K4E 45,
Al SPARQL S52mfEF B sLBl. T k&t Xt i 9
Wi S 35T SPARQL 1) 5¢ % M o A P AT L FE 2t
AT VEL ) IR
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! e |l !

{SPARQL | ey | | e
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Fig. 9 Integrity checking process based on SPARQL
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o B AR S AL B Beih AR i A5 2 2kl B AT
b Xk AR B Ay 72 o 75 96 2 S AS R oK o 1B 9 Bl T
2 MW R 5 ML R RIES) Q1~Q6, HAk

B S SPARQL 5 5] W3R 4. 515 A A 1 i &
fE4%, AT DL X ix Sk 2R 5 A BEAT 4L A 15 31 %
ENCEEE

®4 HEBITHERH S MRORRIER
Table 4 Five query clauses related to integrity checking

H

SPARQL &)

QU Moe e P& AR R ET T
WA 7oK

?s a simo:ElementInstance ;

simo:isInstanceOf/skos:broader*/pgo:hasPropertySetTemplate ?psTemplate ; # J& 475K

simo:isInstanceOf/skos:broader*/pgo:hasNamingRule/pgo:hasNamingElements ?nes. # iy 4% I

?psTemplate pgo:hasPropertyTemplate ?propTemplate.
?propTemplate pgo:EntryPhase %ep ; # Mg ANFEL

pgo:isOptional ?optional ;

skos:prefLabel ?ptName ;

pgo:PrimaryMeasureType ?pmt.

# W5
# @4

# EERA

Optional {?propTemplate pgo:PrimaryUnit ?pu}. # J& & HA7

7nes a rdf:Seq ;

7 ne. # v AHE RS

?ne skos:definition ?def ;

# i AR E X

skos:prefLabel ?label. # iy 4% 4 3 7 b 2
ORDER BY ?%p  # {EAMEKs iy 44 4153 U546

Q2 M A GASERY P op
A A} P 2%

skos:prefLabel ?sname ;

?s a simo:ElementInstance ;

# tfdn

simo:hasPropertySet/simo:hasProperty ?prop . # J&E
?prop skos:prefLabel ?propName ; # JE4

simo:PropertyValue ?value.

Q3 HOW A — I H B B T A
X G R MRS R 1

#IE L
FILTER (str(%ep) = " #IH ¥ it " && str(?ptName) in (" HL /AT FRIRES " " k%L "
CREHAARR AR T AT ID Y RS 1)) # BN R R

AN 8 1 52 SORZE LR E SRR IR XS R B P4 FREAT I8

Q4 X HE—T H B T 2
Yo BRI 8 PR (E

FILTER (regex(str(?ep), " #I25 it " ) && str(?propName) = str(?ptName) && (str(?value) =
" && ?optional = false)) # X FAXH| H & HEAE A IEAE S RO, Hoh )@ M R

BAEHAR TR EAE E SN AT AU g

Q5 LLxH—T0H B BT o A
of G AT e {E R ) 8 1k

Q6 6o 2% R I 44 2 7
W R R

FILTER (regex(str(?ep), " ¥ & it ") && str(?propName) = str(?ptName) && ((str(?value) =

" && ?optional = true))) # J& I AT IEIAE AR IECR B T45R (AT LUEIR)
# RMBIN RAn B AH Y TR, WL SCARM IR R B R F M, WRINRET, Bk
SEH(KV) AP AT B SPARQL M IS shiks 22 R 8 AH A5 B

2 EBISh

2.1 REEELA

NT RGN A SCIHE T8 SO H R
BIM R 52 5 M/ A 73k, DAL F W TRE
M ER R BAE N B REERREIRE, R
TEARRI IR E B B 0 8 1 S N 56 2% 1 o 25 1 O i
ZRFEE,  FHR LT A0 10 BT

FLAAS [F) S 20 1) 5 4% i A I R A5 R
FAL, SBTT H BhAT A L R A 4
BE5x se B H LAY, i Bl BRSO R A SR
Ja A SR AT AT AR ABL I 8 45 PR B A TR
22 Btz
221 REWFEmREE

DL CHL W DRSS AT AR AE ) 2022 W%
PR, TEA M A A AR A R, Sk

Ja i e gk o AR S G HE B AR 5.

10 A8 HL I E SR H (138 R 43 51
Fig. 10 A transformer model adopted by
a substation project
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Table 5 Statistics of the knowledge graph of model

integrity check for electrical engineering

PRI AR A o A A ) R A
B o as R 12 R, Hob g

Gt HH
e e TS24 TRI, T8 1 L BNode 75 Ritt43 17
R Hsystem % . FTERRIATIEYE, 36 LRI AL
V 4B %A ¥ (Element) 165 23 EHELR
VIS H Element) an 2 6~8 4 B IS L7 o 0 T A ]
M i AN N, N » ~
AR A 948 HEr B &t AP a5 R . 08 st B B
PERSAR A% 6903 FUTEN
TR TR 5 L B i 44 W 45
SBERERE e
: Element 10- :
pgo:Element 10'10'10;01'10— OB E R
| ERIE® VIR IMWIIHzevDa8
- T g pgo:GUID > {yMoET4zys
pgo:isElementOf 1 i pgo:Keyword .....» MTF
skos:narrower
\—‘ ----- pgo:SystemGrade -----» V&
’ A D T S skos:notation -----» 10-10.10.10.10.01
System_10- ! Element_10-
¢ 10.10.10.10_ 10.10.10.01_ | & Feeeeeees skos:prefLabel -----» Transformer
P KBS IVER RIS VR .
L d — skos:prefLabel ----> 45K 4%
|
| | | — XGURM
:hasP: rtySetTemplats :hasNamingRul
pigo asPropertySetTemplate pgo:hasNamingRule { > MR T
Pset 4%} { Pset 4% i { :
RE R EE Py S
AR [ om
B 11 AR SR E AT 7RS4
Fig. 11 Term definition and delivery requirements of ‘Transformer’
ex:ATM_T5Jii 8% 2 simo:AssetInformationModel;
simo:isComposedWith ex:EI_ I/ #_8jXo6UvhrDaAvIBKqfLoL_ .
ex:EI_ |1l {;_ejXoBUvhrDaAvIBKgfLoL_ a owl:NamedIndividual,

pgo:GUID "@jXo6UvhrDaAvIBKgfLoL_";

simo:ElementInstance;

simo:isInstanceOf pgds:Element_18-16.18.19.10.01.10_ %)L& VIH;
skos:preflLabel "MTF_V56_SZ11-88€86€-110_SDKT";

skos:altlabel "MTF_V50_SZ11-808@8-116_SDKT:MTF_V5@_SZ11-80008-118_SDKT:7674";

simo:hasPropertySet ex:PSet_1, ex:PSet_2, ex:PSet_3,
ex:PSet_4, ex:PSet_5, ex:PSet_g, ex:PSet_7,

ex:PSet_8, ex:PSet_9, ex:Pset_lo .

ex:PSet_7 a owl:NamedIndividual, simo:PropertySet;

skos:preflabel " ' i°";

simo:hasProperty [ a simo:Property;
skos:preflLabel "&ify % ",
simo:Unit "null";
simo:PropertyValue "/ACTor{kE"

1, [ & simo:Property;
skos:prefLabel "kl (f_{ED
simo:Unit "null™;
simo:PropertyValue

1, [ & simo:Froperty;
skos:prefLabel "filiki[H4";
simo:unit "null”;
simo:PropertyValue "tfi[H"

nuw

B 12 B G AR A B R S (R
Fig. 12 Transformer property information after graph instantiation (Partly)
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Table 6 Preliminary results of model integrity check in
different project phases of power engineering projects

WHME B E ErsiRs B ERRAE
P2 e 24 6 5
it T et 32 13 7
T 36 13 7
it T AR 7 1 0
BT 8 0 0

x®7 ROBBEDNLRIHTMEBROBEREER
Table 7 Property missing condition of the example
model in preliminary design stage

P RisRN 2/ IVEPNI N3
PRERESE pg ww ommew A
AHEL YIZ % & EnumeratedValue
Je % IR bt 2 String kA
YBE g is a7 a1 Identifier
BT AR RS YR Identifier
it ID b2 S Identifier
(el IR0 String

*8 ROREGBHRELER
Table 8 Naming check result of the example model

I el B
MTF_V50 SZ11 TR L
_ _ - Atsy ) 4] H.
80000-110_SDKT FA(V)_BHT =
EEE

AL 25 SR B 7 AR STk T4 U L R AR
BIM HARISE & MRS B AN AR . N Tt
ARBLHEERE, & 9 it 7S d AL
WAEOL, AR, #a AT TER
PERS(1 000 UCHUEIME), 15327 K FEIS 45

®9 BEELIEFEM(ms)

Table 9 Time cost of different query procedures (ms)
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JE DT
YRGBT B VT R 61
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VR T T B M TE R il 61
it T3k PR A I B M DT R 1 55
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I BB B Pl 15 32
it L B B TR B PSR A 29
8 T B BT BUR B RA 28
it T R4 o B PSR SR 17 21
TBATH B @ M R 1 16
R AR
BI5 BB B A A % A 1 66
Jit T P B (A R T 65
8 T BB H Y B M AR 1 68
it T FR AR B AR S 1 L 62
IEAT B B R P AR A A L 54
B4 RS
A 44 B AL 8

3 45

ZrEPTIA, AW T B RENETIE X
WA L T FE BIM A2 S8 g Mol A 77, JE |
FH 4% RDF, OWL, SKOS 1 SPARQL 7£ W 15
SO A DL R H Y TR B A A A A 7 R
W BRI U U BIM A A 158 3 58 46 P o 7 il
i B FBRIRFA B AR E N AR
B BR B AT DA I AR 2R 0 T 2 AT
FEAL. TERLEAN b, AT VE—J7 M Re % 78 4 A
FAELA S AT FR LA SR 78 o3 B 7 oK, 4R A AT AR A
522 A 75 3R 22 18] (945 S AN UG i) A2 A A s A
WFB: H—m, WMEessh ik m st A m
JEYESR NTRBEE R, T A A A A AT
REF=AE AN L B3R T o

e, ZOTEE R A LIRS Q@A k.
25 VAT AN JR R T LR R X — B AT AR A <
5, ASTR) A3 A AT st BSCRE 72 43 AT 75 SRR B AN []
MR RGBT R, KA LUE T k7732
WHHTY B, @@ME., %7 T W3C 214t
(R FHAE X ER, Rl 2 @5 T SKOS ) H
FHRHLR RG AT KRG, AT 5 HARM
B AR T R B R

A, FREEISSERNHYGE, BHETZT
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