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ABSTRACT

This study proposes a method for modifying and supplementing IFC model for building
performance evaluation without requiring authoring BIM software. The proposed algorithm
identifies the information required for BIM-based energy performance evaluation, such as
building geometry, material, building envelope properties, and building system properties, and
supplements the required information according to each type of information. The algorithms
consider various scenarios of information availability, such as missing or incomplete
information. The results of supplementing each type of algorithm demonstrate that building
performance evaluation can be performed without using commercial BIM tools, which can
significantly reduce the cost and time required for building performance evaluation. This
approach increases the reliability of BIM-based performance evaluation and can contribute to
achieving sustainable building design and operation. In conclusion, this study shows that the
IFC model can be modified and supplemented for building performance evaluation without
using separate commercial BIM software. The proposed algorithm for supplementing required
information can be applied in various scenarios of information availability.
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JelE= AR 7 A AAE, SRR, 79 H, SAFETE Lo, ZF Gl
T2 K= =H 21 AEE(Entity) = 73 H T o714, AR E= B4, v, A5 5
o] LzAE FHsl] Sst ARo|H, B RL g A7 AU 492 9TE8 So
S8 A, =5, =ol, 4ol & 7”111943 F& Aol P% AH, SRR =54

Kim et al. (2017), Kim, et al. (2018) 5-2 215 M]Lﬂxwhz]g 7]5to 2 [FC 9
oA 87l =HEE ZU’SP‘E{EU%, ZJolwl Avfo] AR=Table 17} At

Table 1. Results of extraction and classification of required information for items related to
the energy performance of building (partial)

Attribute

Item  Required entity entity Data type Attribute name Required value
IfcSlab - IfcText PreDefined Type ROOF
IfcRel
IfcRelation-shi Relati j IfcRoof
Roof Ageregates cRelation-ship  Relating Object cRoo
IfcRoof IfeRel IfcBuilding Related Object IfcSlab
Aggregates Element
IfcWall, [fePr
Envelope IfcSlab, .c operty IfcBoolean IsExternal TRUE
SingleValue
IfcRoof
IfcWall IfcThermal
’ IfcP . Thy 1 .
IfcSlab, .c roperty Transmit-tance er.ma Physical Value
Thermal SingleValue Transmi-ttance
; IfcRoof Measure
Transmi-
IfcRel IfcWall,
ttance . . .
DefinesBy IfcRelation-ship ~ Related Object IfcSlab,
Properties IfcRoof, etc.
IfcMaterial lfcMaterial IfcLabel Name Material Layer
Layer Name
. IfcMaterial IfcMaterial IfcLength . Material Layer
Material Layer LayerSet Measure Layer Thickness Thickness
IfcRel A i
ere SS(.)Clates IfcRelation-ship Relating Material IfcMaterial
Material
IfcOpening IfcExtruded IfcLength Denth Height of Opening
Element AreaSolid Measure P Element
IfcOpening  IfcRectangle IfcLength . . Width of Opening
XDim, YD
Door, Element ProfileDef Measure 1, XM Element
Window  [fcRelVoids . . Related . .
Element IfcRelation-ship Opening Element Opening Object
IfcRelFills IfcRelVoids IfeRelation-shi Related Building IfcWindow,
Element Element P Element IfcDoor
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Figure 1. Process of IFC-based energy performance calculation automation by object type
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ENTITY Ifclall
ENTITY If

d___vipt on :
ENTITY IfcObjectDefinition:

INVERSE
HasAssi jnnﬂn s

: SET OF 1fcRelAssociates FOR ReldtedCbﬁectsf

: OPTIONAL

: SET OF IfcRelDefines FOR RelatedOkbjects;

: OPTIONAL IfcObjectPlacement;
: OPTIONAL IfcProductRepresentation;

: SET OF IfcRelAssignsToProduct FOR RelatingProdu

: OPTIONAL Ifcldentifier;

: SET [0:1)

«efe:en:edlnut uctures : SET
: SET OF

atialstructure FOR RelatedElements:

ENTITY .L.L_H._Lz.ug..m

ENTITY Ifcliall;

END_ENTITY;

Figure 2. Example of IFC information system (wall object) (BuildingSMART (2007), IFC 2x3
Final Documentation)

A, Globalld, OwnerHistory, Name -5} 70| A4 A Hoj| sjdsh= A 2] Het
2 Tt HIAE WS SOl 2 E Heto] 7 }“—O]":]' T12u HIEAIA FRE 5o T
AE 2 AAlE= S, I, 2448 H 0 Bolle 4 2 Bk Qo Hx o 3'4'74]
AEIE]Q} ZF THA|of| 45 = &A%k JlETE], BAIGE olElE] So] T Qsitt ulehA, o] &
A517] 1A= Table 10714 AEREHEREZo], /07 Hof tfgh A AEje|of T ]E]E]
(IfcPropertySet, IfcProperty -5)2] 7S 215+ A HH 2] AJ/do] B asitt. 244752 7
2o % IfcRelAssociatsMaterial QNE|Ejof] Th2 2= ollE] €]V} =l E]ojof Sit}, o] Qo]
S A O] 2|45 Hebslr| flolixle /d7d Hell et 2154291 AAI7 AdegE ofof giet.
=, IFC RLElo] Behs oA = A AlE|E|of et 2 3t
RO AR 7H0] THAIRT 55 MEJElE A ofstolof 5, F = 7 LAl AA|
&= BA| 1F 52 v 517 A (1feSpace) 50 HEATAE 1315]'04 TEA O] AR
= A5k, sl e Elo]l ARt =4 277t F-2A4| 9] IFC A/do] 7Hesithe Aot
FYHE 0] A, F Em HA| BA Y] HAIE 7522 71558 (Local Placement) ¥t &
AEJE](Representation)= AJ/J T}, HEE 44| 9] 73-9-ofl= /gl thigh 53 o] EA5HA]
17 w=o]] H(IfcCartesianPoint)S 7|50 2 &3] I 2 H(IfcArbitraryClosedProfileDef)
IEJE]E A dsto] Biete] W 4 A olich. Wi 2= Qg E 7oz 55
EJE](IfcExtruededArea) 2} AISHA =0](Depth) 4FS Yo 244 v ZH| o] T2 A
Olsta, o5 3D F o= SEoHA Hrh M IS Foll HEA o = vie AAof TRt A

g

Nl

FSZ E&Z 02:

mlo

Journal of KIAEBS Vol. 18, No. 1,2024 « 7



Development of Process to Supplement the IFC Model Requirement Information for OpenBIM-based Building Energy Performance Evaluation

A 5 wA ol et JIAHAE ABAJoto] T 24 RE B 4 oA dr:

2} diEfE] o] AAE flsiide 2Rt 7120 £/9% e A ol et JIEEIE A
AlstaL BAlet-7F ZAARte] A=E IFC RS A/dslioF ettt o] Mg< Sl 7150l =
Hass Ao =N Mz A3 ARt S5 7Hs/dS siAAIZ < k. EeL, WA
off et YR} T AAIE Sl 4 A o] BA HHE FE51 AlB(IfcRoof) B B
(IfcSlab)of] Tt HEE g o= Ut o] LJofite, A5 vhe 2 o] HH 2da flsf &
/g e Elet=4d AEEIE ARt S IElElE A 3 vt A5l A S1sl &
7HARI Qe[ B ARt o 24 RARMFC REE B8 = QA =W, ol & garelE 55

T2 e Figure 33} 2t}

Start ]
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Create relationship entity
(See figure 5)
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Figure 3. Enhancing process of object information (attribute & relationship) at the wall
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Wall, Slab, Window, etc.

IfcRelAssociatesMaterial Creatl_on_ process_ of
material information
Whether to input !
Material instance? i
1 IfcMaterialLayerSetUsage
Create |
IfcRelAssociatesMaterial O
TotalThickness
[ IfcMaterialLayerSet - Q IfcLengthMeasure
v T
Create
Material layer & Later set O
) LayerThickness
IfcMaterialLayer ~ t--------- q IfcLengthMeasure
A,
Output to instance
l O
Namg
IfcMaterial ~ f--------- e IfcLabel
> End

Figure 4. Enhancing process of material information

ZA, W24, S48 B (A 71’ Hieh o] Zhze] TA|er A NEjElE A4St
o, QAR ZH IFC Xl oA FAet X5 Hekeh 4= QIQiet. T1eu A=0] o 2] 4
SB7tel gt ou] of 7, e —94 PR A AP H, 2374, @37 Kol o5
Aoju]z] ¢F=tt. wEtbA, Sl AH= F7HH OS2 IfcProperty ©H$19] IfcSingleProperty
Value QIEJ B9} 22 S/ HE JIARA e Sofof et ThA] Well, £/37 Hof et
BHE flollA+=IfcSingleProperty Value-IfcProperty-IfcPropertySet <=0 &2 A O] == £A47

= e Elet A HHo) 3t AEje| 2 SA[AHOF R om[_tth BFH, IfcPropertySet=
7IEIFC F2oA B of== At ARGAL A olofl whet 'E I O] Pset O & 0= = H7t
SAlof| 22 o= o] AlE{stojof jitt.

2 AT AP POl T2 912 Pug vl R £490S Y U SR 1
0] o) A5 1] WA S RS BASHES QeI ALk A8 4

2 YHof met A £/498 0] {2 wEste] a1 RS AAsH Hek AE
B3| 0] QJm] ofFlof et JH= Pset WallCommon® 2 A 2]=]= IfcPropertySet *}O]-J
‘IsExternal’ /83102 BALEH, sl HJH=E2(Boolean) 7+ 2] JHZ AAHt o5
H2I517] 1ol SA] A5t Psetel] et AE|Ele} &/dgkof| siidsh= Q] El o] IfcBoolean=
Yelsto] ofu] of Fof TRt P H-Z HLksHA Hr. Figure 5+ offd B IS e} &
A& vl 1ol
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IfcObject

IsDefinedBy

(i) —Q0 Pset_SlabCommon

IfcRelDefinesByProperties

0 Pset_RoofCommon
RelatingPropertyDefinition
O
Name
IfcPropertySet —Q Pset_WallCommon
Property
O
Name
IfcPropertySingleValue Q IsExternal

NominalValue

IfcBoolean(.T.)

Figure 5. Enhancing process of property information at the object (Information of envelope properties)

HEE BIM7| 22| ojjLi2] ‘S5t A} HAY| BS

Test model2 S8t 7| Hs ES

+ FFelA= 7S BIMS Z-85to] 429 oA 4587 IR H-S Wk 4= QL
= AR GaE|EE TSI o] & 7Hho & o] 2 TRl Qlo| e ARBAHIFC A
O & Z2PJE BIM RS tVdo & 2Rt RS AFE 0 2 sk, e o Sle |7
A2 59 2 o A= Test model2 5ot A|ARLC 2 JLAH [FC HloE <] H
ZA710] thet 152 S=Fatct. 71&9] IFC EHio 2 2% BIM e tifo = =g
AEIFAE] o|A] 5Bl REolA] g& e, FARY JRE Abs o= wdsie] B
Q1517 HIt}. Test model- ‘A’ ZAE2 TZm}e] uio] BIM Edlo|o, [FC Tlo]E=2x3 H
o5 2w Qle). Bt gekt AuE A7 ] flel AR - g H Rt Qi H mels
o2 A5t Table 2= Test model 2] 2D ER(HHE) 2 3D FAHEE e,
A=l ol %] 45871 918l Test modelof|A] Hgto] 8-5)= QIAFg Ha= Table 337 L.

Table 2. 2D & 3D view images of test model

2D (Floor Plan) 3D View (BIM Vision)

Office 2

Office 3

Journal of KIAEBS Vol. 18, No. 1,2024 * 11



Development of Process to Supplement the IFC Model Requirement Information for OpenBIM-based Building Energy Performance Evaluation

Table 3. Object and attribute information of test model

Required Relationship Required  Connected
Category Information Data Type Instance Geometry Space
IsExternal IfcBoolean IfcI]{)elDeﬁpesBy No No
roperties
WALL Material IfcMaterial IfcRelAssociates No No
Information IfcMaterialLayer Material Yes No
Window Object IfcWindow IfcRelFillsVoids Yes Yes
Door Object IfcDoor IfcRelFillsVoids Yes Yes
SLAB Slab Object IfcSlab - Yes Yes
ROOF Roof Object IfcRoof - Yes Yes

H20|H2| 4L IE 2I5HIFC HIo|E{2| QIRFHE ok AHut

7N BIM 2ElS 7HEo = ZAZe|R] 4455 H716k7] Slofl 71<& IFC Hlo]e o] 44|
RS HEro 2 BAjgt 9 77 Wl 7l Bt Aot A e|E&-S HSSHIT: 71 BIM 2
g2 D7+ WA} A A ZA(IfcRelSpaceBoundary) 71| HElFo] H]o] Q1 om ZHA|A]
H == WAt 7T a4t o] /ol wrt AR JElE]o] Q= ZdEiolh whebA], HA|
3 bl Wt A RE HR O & T4 B HIE AR O] Y-S @40 & H ekl
F3h AAER 9 E= F4, B4, SRR} o AAlsk] Siet WA MElElE St
o] IFC tlo|E1E 25Tt Table 4+= Test mode 2] HA|1 S A} 2 IFC o] 2] 91414
H B 250t a1 e]E-S S35 AI=E #No. = F712 HolH JIAHAC EE F ARE

Table 4. The comparison of test results (partial)

Contrast Object (WALL)
Original IFC Model Instance (partial) Enhancing IFC Model Instance (partial)
Total Number of Instance: 7,325 Total Number of Instance: 14,446

#17=IFCWALLSTANDARDCASE('0387a2¢6-¢1cb-4700-918-90bc44¢9332',$, ' Wall ,$,8,#18,#21,5);

#33=IFCRELCONTAINEDINSPATIALSTRU  (The same instance as the existing IFC model is
CTURE('70591ac3-d5db-4008-a68a-d197a998  output: #33, #50, #4866, #5071)
€385',$,'ContainedInSpatial(0',$,(#17),#13); e

#11740=IFCRELDEFINESBYPROPERTIES('1
#50=IFCRELVOIDSELEMENT('123f91e6-04  sOsanfseHxPZJrFNIA}' #2,$,8,(#17),#11739);

fe-4cc1-8711-5197¢4¢917a9',$,'VoidsElement0)'  #12376=IFCRELDEFINESBYPROPERTIES('1
$.#17 #34), s PPNfseHxQS$brFNIA)' #2,$,8,(#17),#12375);
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