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Automation of Information Extraction from IFC-BIM for Indoor Air Quality
Certification

Hong, Simheee' - Yeo, Changjae' + Yu, Jungho”
"Department of Architectural Engineering, Kwangwoon University

Abstract : In contemporary society, it is increasingly common to spend more time indoors, As such, there is a continually
growing desire to build comfortable and safe indoor environments, Along with this trend, however, there are some
serious indoor—environment challenges, such as the quality of indoor air and Sick House Syndrome, To address these
concerns the government implements various systems to supervise and manage indoor environments, For example,
green building certification is now compulsory for public buildings, There are three categories of green building
certification related to indoor air in Korea: Health—Friendly Housing Construction Standards, Green Standard for
Energy & Environmental Design(G—SEED), and Indoor Air Certification, The first two types of certification, Health—
Friendly Housing Construction Standards and G—SEED, evaluate data in a drawing plan, In comparison, the Indoor Air
Certification evaluates measured data. The certification using data from a drawing requires a considerable amount of
time compared to other work, A 2D tool needs to be employed to measure the area manually, Thus, this study proposes
an automatic assessment process using a Building Information Modeling(BIM) model based on 3D data, This process,
using open source Industry Foundation Classes(IFC), exports data for the certification system, and extracts the data
to create an Excel sheet for the certification, This is expected to improve the work process and reduce the workload
associated with evaluating indoor air conditions,
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Table 1. Literature reviews on indoor air system

Author Main Contents

This study analyzed various indoor air quality

Kim, S. S. certification systems around the world. Proposals
(2012) were put forward to improve the direction of air quality

certification systems in Korea.

This study analyzed pollutant emissions and

Joo, S. J. management standards of interior finishing materials
(2014) in apartments. Selection criteria and a management

plan were proposed for eco—friendly materials.

This study compared domestic and international
Kim, D. I. certification systems for green construction.

(2015) Performance indexes were proposed to improve
processes.
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Table 2. Literature reviews on BIM based assessment method

Author Main Contents
) This study proposed a method to extract IFC
Kim, K. R. .
data from a BIM model for use in an energy load
(2012) )
calculation program.
This study proposed a method to check compliance
Lee, C. Y. ) . .
(2012) with construction regulations. A model was
proposed and verified based on the Disabilities Act.
Yoo, S. E. et This study proposed a model based on the “MIZE{”
al. system using BIM data regarding licensing and
(2015) construction regulations.
Park, J. E. This study proposed a Life Cycle Cost(LCC) process
(2016) based on BIM data and an automatic costing method.
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Table 3. Literature reviews on BIM based assessment method

Author Main Contents

This study proposed prototype software to analyze
energy performance in the design phase using a
BIM model.

Arno, s.
(2008)

Salman, A. et al. | This study proposed the use of model to process
(2010) and verify BIM data for LEED certification.

This study suggested the BIM modeling after
move—in phase for managing energy. It applied
the ontology.

Ibrahim, M. et al.
(2013)
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Table 4. The System related Indoor Air in Korea

Categories Percentage of
All Contents related Indoor Indoor Air
Air Work
:ﬁ::gl; 15 Mandatory 7 Mandatory 47 47%
e and 4 and All (Included 2
TG Recommended | Recommended Recommended
Standards Categories Categories Categories)
5.36%
G-SEEDin | “0Mandaion | gy iatoy (Excepted
. and 10 Additional "
New Building . Categories Additional
Categories .
Categories)
G-SEED 25 Mandatory 4% (Excepted
in Existing | and 2 Additional 10“2;”%?2? Additional
Building Categories 9 Categories)
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Table 5. Work time related indoor environment

Building1 Building2 Building3
7. Indoor Environment 21.57% 20.95% 23.40%
Related Air Indoor 8.82% 8.57% 9.57%
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Table 6. The input & output criteria of Health-Friendly housing
construction standards

Category&Contents Input Output
The finishing materials area
of wall
(=Length(m) *CeilingHeight(m)
—Window&Door(m?)
Areal. . :
11 ?)Lenght, The finishing materials of
Unlicati 2Height, Ceiling (Each room)
ﬁ:\’:!:ﬁg:{;gf (®Window&DoorArea
(Each room : The finishing materials of
products that o
Entrance, Living Floor (Each room)
pollute the .
indoor air room, Kitchen/
) Dining room, Bed The glue of wall
(Suit on Standard D -
of pollutant room, Dress room, The glue of ceiling
ission) Bath room etc.)
emission The glue of floor
The interior materials of wall
The interior materials of ceiling
(MThe Area of Each
Area2. Room Room Volume
4.1 Ratio of @Ceiling Height
proper ®Window Width
ventilation @Window Height

(Deviation within
25% of ventilation
standard)

(Each Room :

Bed room, Kitchen/
Dining room, Living
room etc.)

The Area of Window

MaterialDB1.

1.2

The harmful
element content
of interior
finishing material
e.g. Pb etc.

The Sort of
Materials

Certification
(Suit on KEITI standard)

MaterialDB2.

5.1

The performance
evaluation of
Built-in Home
appliances

MaterialDB3.

5.2

The performance
evaluation

of Built-in
Furniture

The Location of
Home appliances
& Furniture

Furniture Test Report &

Floor Plan

(Representation of Furniture &
Home Appliances)

MaterialDBA4.

6.2

The management
standard of glue

®The Sort of Glue
@The Mass of
Pollutant

MaterialDB5.

6.3

The management
standard of
Pollutant
Diffusion
prevention in
Painting work

®The Sort of Paint
@The Mass of
Pollutant

The Prevention Plan of
Pollutant Emission
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Table 7. The input & output criteria of G-SEED in vew building &
existing building

Category&Contents Input Output
The finishing materials
area of wall
(=Length(m)*CeilingHeight(m)
. ~Window&Door(m?))
Areal. ;;ihee?:tt’
71 E)Win“:lo;v&DoorArea The finishing materials of
Application of b . Ceiling (Each room)
low emission (Each room : iahi ;
ducts that Entrance, Living The finishing materials of
products tha room, Kitchen/ Dining Floor (Each room)
pollute the Bed
indoor air room, Bed room, The glue of wall
(over 70%) Dress room, Bath
er v room etc.) The glue of ceiling
The glue of floor
The interior materials of wall
The interior materials of
ceiling
Area2.
7.2 MOWindow Width
Ensure the @Window Height
natural (Each Room : .
ventilation Bed room, Kitchen/ The Area of Window
performance Dining room, Living

(Ratio of open and
close)

room etc.)

Area3.

7.3

Ensure the unit
ventilation
performance &
application of

Natural ventilation

(MThe Area of Each
Room

@Ceiling Height

Room Volume

low emission (Based on the line of

products that finish to finish interior)

pollute the

indoor air

MaterialDB

7.3 Mechanical

Ensure the unit |ventilation

ventilation (MThe Sort of

performance & Application The Plan of Mechanical

application of
low emission
products that
pollute the
indoor air

(Suit on Health—
Friendly Housing
Construction
Standards)

Equipment
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Table 8. Information of extracted IFC Data by BIM model

Category Entity Attribute
Room IfcSpace Name
Name Material IfcMaterial Name
F'\i/ln;ts:rii;? IfcMaterialLayerSet MaterialLayer
Space |fcQuantityArea AreaValue
Area Window |fcQuantityArea AreaValue
Door IfcQuantityArea AreaValue
Window IfcWindow OverallWidth
Width
Door IfcDoor OverallWidth
Window IfcWindow OverallHeight
Height Door IfcDoor OverallHeight
Ceiling |fcExtrudedAreaSolid Depth
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Depth

licbitrudedAveasolid  |———  ifchxiszPlacementsD |
Position

Sweptarea l Location

| IfcArbiratyClosedProfileDef | | IfcCartesianPoint |
Coordinates
RelatingObject
TfcRelAggregates IfcCartesianPoint
y I 1 Coordnats
C ame_ De—r] espace C T )
Name
Tmelmdomeas
| E———— I -
IfcRelDefinesByProperties oo 1 I A | ObjectPlacement 1 Ifele | e IfcDrection I
RelatingPropertyDefintion ReltedBuidingElement RelatedObject lMlanveP\a(emen(
IfcRelAssociatesMaterial | IfcAxis2Placement3D IfcDrection ]
IfcDoor, IfcWindow RefEirection
RelatingMaterial Location
IfcMateriallayerSet IfcCartesianPoint
OverallHeight OveralWidth
MaterialLayers
aE) @
IfcMateriallayer

Attribute

IfcMaterial

Material = IfcProductDefinitionShape
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Fig. 2. The extracting structure of information from IFC file
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Table 9. Definition of parameter properties
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Fig. 3. Properties of defined IFC data
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Fig. 5. Finishing material area calculation algorithm
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S7h e 84m’ A3 o2 BAlstgIrkTable 10).
Table 10. Building summary
BIM Building Summary
Building Use Apartment
Type 84m?
Floor Plan

ZEA|2 F fREolEHo)As AollA AgER= Hlo]
Elo] ARE T3] ARSI A= AR e A
3 22 A= GAES THE0IA oS HlolEHo] AR
ARE3IEHTable 1), H& 7102 ARgH ey A=

Table 11. The use of Eco-Freindly material list in wall
(The Unit of Households)

Wall
The Sort of The Sort of
Name Base Using Material  |Finishing| Using Material
Material | |nterior - Material | |nterior -
Material Material
Conorete | koer | KeG! |y | Seoul | oo
Entrance Gypsum Ggs:tjdm Gégizm Paper w}alll\zpzzpr)]er Freindly
Board Glue
N Concrete KCe/ KCC/ LGhausys/| Chilbo/
Dining Gypsum | Gypsum Wall Wall Eco—
Room | Gypsum ggard é[c))nd Paper | covering |Freindly
Board Velet Glue
Concrete i i
KCe/ KCe/ Tile/ Wall Seoul Chilbo/
Kitchen Gypsum | Gypsum Paper wallpaper Eco—
Gypsum foard | Bong | The/ Wall| T | Freindly
Board Paper Glue
Concrete LG )
——— Kcc/ | ke hausys/ | CMP%/
Bed Gypsum | Gypsum Wall Wall Eco-
Room | Gypsum P P Paper . Freindly
Board Board Bond covering Glue
Velet
Liquid
Bath Water _ _ The Tile _ _
Room | Proofing/ of Wall
Mortar
LG )
Concrete
KCC/ KCC/ hausys Chilbo/
Dress Gypsum | Gypsum Wall /Wall Eco-
Room | Gypsum P P Paper ) Freindly
Board Boardd Bond covering Glue
Velet
KCC/
Veranda Concrete _ _ Water Supro _
/Balcony Paint Well—
being
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Fig. 6. Floor plan of bed room 2
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3] APE A=A ERlskGIT) A upee] WAL QlElE]
IfcCartesianPointE & 7

4585.83, 0y FZ3t0] o] ol A3t Ao 7=, Al
Z ol5 AIEsIgith. A BiAY] WA E3 FRgRE 2
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Table 12. The extracting result of bed room 2

Room Name Object Value
Window Width 2100 mm
Height 2200 mm
Door Width 900 mm
Height 2100 mm
Base Gypsum Board
Wall 1 finishing Wallpaper
Area 2.48 m?
Base Concrete
Wall 2 finishing Wallpaper
Bedroom 2 Area 5.46 m’°
Base Concrete
Wall 3 finishing Wallpaper
Area 414 m?
Base Gypsum Board
Wall 4 finishing Wallpaper
Area 1.06 m?
Base Gypsum Board
Wall 5Wall 5 finishing Wallpaper
Area 5.46 m®

AglR FEE AEE 7IE A o= AR A
5o} vl u s} Iek(Table 13), Wlndst, Aof w2 A& o]9]
O] A= 2D RS Harsto] WAE A APYshs 71 4
2 Ao FEE Aok Fsiths o] BRIEIH,
A RA Zfol7h YR o= ol 7] FA] ot
TRl HhdEA] o2 =20l A7) wizelct, Atk
Al WA S| FRAGSHANIAE Farstol ARFAE
EABH=], WMol 7Rl =0 AIE REE
2] F7= 9.5mm=, 2D ol FAVE 0mm= 3¢
Eo] Apo|7} EAYSIGIE, 3, 8412 WS APgste] At
£ vasiglet], 2 (Manual) ¥ A-sEHAutomation)e]
A 2.448m°e] Zpo] 7} HAYSIGITE, o2tk ol A U2jA]
off vFFARI Bt o] FAVE HAEA] ot FAE Omm= W
D3I37] thEo 2 ket web Ao AMgE A=
7S AR A = B2 YAAE AR o]
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7Fe 3l

Table 13. The comparison of manual and automation

Category Manual Automation
Room Name Bed Room 2 Bed Room 2
Concrete, Concrete,
M'\?;‘:']:Lal Base Gypsum Board Gypsum Board
finishing Wallpaper Wallpaper
Space Area 6.90 m? 6.976 m?
Window Area 4.62 m? 4.62 m’
Door Area 1.89 m* 1.89 m?
Window Width 2200 mm 2200 mm
Window Height 2100 mm 2100 mm
Door Width 900 mm 900 mm
Door Height 2100 mm 2100 mm
Ceiling Height 2.35m 2.35m
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