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ABSTRACT

Although BIM-based QTO and estimates have various advantages, they are not actively applied due to the
absence of standard data models and the attribute requirements. In order to establish BIM-based QTO and

estimates, criteria for input attributes and data format are required for quantities produced by BIM software to
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be delivered to the estimation software without loss. This research suggests standardization for the BIM-based

data distribution system in terms of data composition criteria and data format. For the purposes, the study was

carried out as follows. 1) Previous research using IFC Qset and case studies on BIM-based QTO and estimate

were analyzed. 2) BIM-based design, QTO and estimation processes and the exchange requirements for road

projects are defined applying the IFC development Methodology. 3) Pset and Qset were developed according to

IFC Pset extension methodology. 4) I/O testing of exchange information in BIM software was performed to

verify the process of extraction of quantities from models. In the future, it is planning to verify research

including quantitative measurement of application effects. In stages of research, the results of this research

intend to be a basis of BIM-based QTO and estimate guidelines for road domain and contribute to ensuring

accuracy and reliability of the estimation work by reducing manual work and increasing BIM-based automatic

work linked to estimation software.
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Table 1. Domestic BIM-based QTO and Estimation
Research Categories and Cases

Research Case
- A Study on the BIM-based
estimation process for the use
of BIM-based design model as
an estimation model in

Research Category

BIM-based
quantity take-off and
estimation process

nd methodol
a cthodology architectural design stagelg]

Devel ¢ - Proposal of a model for
evelopment of | trective QTO of finishing

Quatx.mt}; take—ofdfl& work and rebar requiring
mation m
estmation moce detailed modeling!"*'"'?!

and modeling
. - Development of automated
automation system . .
finishing modeling system

+ IFC-based QTO and estimation
data model focusing on

IFC-based

standardization of
ity take-off and structural members and
quantl.y :.1 e_(; tan development of software
estimation data supporting for building IFC

model model[6’ 13]

- A study on the utilization of
quantity information and
estimation infromation by
linking unit price information

BIM-based

DB and the application of
code system for BIM-based
construction cost

utilization for [3,14]
management

Quantity take-off
data extraction and

estimation L.
- A study on the application

guildeline of QTO for
approximate estimation in
building construction'"!
- A comparative analysis of
construction cost and quantities

using 2D method and

BIM-based BIM-based method for
quantity take-off and estimation'"”!
estimation - Analysis of current

effectiveness analysis| 2D&3D(BIM) based QTO
method limitation and Proposal

of improved BIM-based QTO
d[15]
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Table 2. Usecases of Qset Application

Research Case

Purpose of Qset usage

Scope of Qset usage

Support tool
for Qset usage

H-J, Kim et
al. (2013)[6]

- Quantity Data calculation for

estimating the public
construction project

- Use of IfcElementQuantity quantities
- Connected with construction classification

code of Public Procurement Service (Pset)
and material properties

- IFC generation for

inputting classification
codes into Qto models
(Code Generator)

H-S, Kim et
al. (2013)[13]

- Quantity Data calculation for

estimating the structural frame
construction

- Applying the quantities (Volume, Length)

of ifcElementQuantity as a variable in
Qto equation of the components of the
structural frame construction

- Connected with construction classification

code (Pset)

- Qto model data quality

review
(InsightBIM-QTO
Pre-check module)

- Quantity calculation

(InsightBIM-QTO
caculation module)

I-H, Kim et
al. (2015)[1]

- Quantity data calculation for

structural frame and finish
items for the estimating
Building Construction

- Applying the quantities (Volume, Area,

Length, GrossVolume etc.) of
IfcElementQuantity as a variable of Qto
equation by building member items

- Use as a reference quantity value based

on spatial object for Qto for finished
items

- Mapping BIM driven

quantity data with cost
items based on Qto
guidelines

Guogian Ren
et al
(2019)[20]

- Quantity data calculation

required for PPP(Public Private
Partnership) performance
measurement for VIM(Value
for Money) evaluation

- Applying the quantities of

IfcElementQuantity as a variable of
measearuement for VM assessment

- Connected with classification, material

properties and spatial properties

- IFC data review and

Extraction of Pset and
Qset for VIM
evaluation

Jan Karlshgj
(2018)[19]

+ Quantity data calculation in the

early stage of architectural
design

- Quantity data calculation based

on the Molio’s rule of
measurement

- Quantity data calculation for

environmental impact
assessment for sustainability
certification

- Use of IFC4 BaseQuantities and

development of Custom Quantities adding
to a standard wall
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B 3. =& AAY] 2=E 2 WY w8 e 7AEE T2 ER Al
Table 3. Example of Exchange Requirements for Road Design to QTO
Exchange Requirements for Road Design to QTO (Calculation) Mapping to IFC Definitions
Element
* Property Group Data Type QTO Type Unit IFC Model Representation
Property Name
Civil Structure Element - - - IfcCivilElement
Culvert - - - IfcCulvert_K
* Common Properties
Globally .
global ID . - - IfcCivilElement.GloballD
Unique Id
Name Label - - IfcCivilElement.Name
OBS Classification Code Identifier - - IfcClassification.ReferenceTokens
WBS Classification Code Identifier - - IfcClassification.ReferenceTokens
Material Label - - IfcMaterialDefinition.Name
Type/Size Label - IfcCivilElementType.ElementType
* QTO Properties (Base Quantities)
Length length value Q_Length | mor mm IfcQuantityLength.LengthValue
Width length value Q_Length m or mm IfcQuantityLength.LengthValue
Height length value Q_Length m or mm IfcQuantityLength.LengthValue
CrossSectionArea area value Q_Area m IfcQuantityArea.AreaValue
OuterSurfaceArea area value Q_Area nf IfcQuantity Area.AreaValue
InnerSurfaceArea area value Q_Area nf IfcQuantity Area.AreaValue
GrossSurfaceArea area value Q_Area nf IfcQuantity Area.AreaValue
GrossVolume volume value Q_Volume m IfcQuantity Volume. VolumeValue
TotalCount count value Q_Count ea IfcQuantityCount.CountValue
RebarGrossWeight weight value Q_Weight | ton or kg IfcQuantityWeight. WeightValue
* QTO Properties (Custom Quantities)
Hunch length value Q_Length | mor mm IfcQuantityLength.LengthValue
Widthof outside wall length value Q_Length | mor mm IfcQuantityLength.LengthValue
Width of inside wall length value Q_Length m or mm IfcQuantityLength.LengthValue
Height of top slab length value Q_Length m or mm IfcQuantityLength.LengthValue
Height of middle wall length value Q_Length m or mm IfcQuantityLength.LengthValue
Height of bottom slab length value Q_Length | mor mm IfcQuantityLength.LengthValue
Width of base slab length value Q_Length | mor mm IfcQuantityLength.LengthValue
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=) ER2 R0k BIM A& 93 IFC 7] B3RikE S4 £33 whel
Exchange of Classification of Scope of IFC
Requirements Property Group Pset & Qset
- Spatial Structure element {:\U_LU"QEHEETE% _
- Location atributes throug -—=Delinitinn
- Globally Unique Id BIM madeling
*MethodOfMeasurement
- Name e
. WBS Glssfeaton Code Userimput | | Psat L lcablClacaes B {—r{ Clase
. Material attributes (Commen Praperty) (i
- TypelSize _'5—‘
= ApplicableTypeYalue
+ Object Quantities ..
Length  -Count Base quantities by | Qset
Area - Weight - geometry (Base Quantities)
-Volume -Time
. Parameters of BIM Library | Variables used in Qset : QtoDefs EH =13 QloDe
—{ quantity calculation (Custom Quantities) : T

121 4. ER_Road Design to QTO2] &4 74
Fig. 4. Property Configuration of ER_Road Design to
QTO

AEEE 7R BB
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B 7)1 BEeES o Base Qsetol] 431t} o= 74
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2] 319 o) =-ggich

T+ WA Qset 3
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T3 AsEF Akt FdeE=
BIM zfelBele] w72 4431w |5 Custom
Qset .7 F33}9it} Custom Qset-> A EF %A
o= AR 54 ]t T4 52
%48+ BIM glo|Hz|g] /s FA=ER 7|3
X5 AR &85 Zlo] A3t BIM 2ol
Bje]e] wides 54 AA elMEE e
AZo| 22 IFC A els](IfcElementType)2] ] &
o] #8321t} Qset2 Base Qset¥} Custom Qset-2-
T-E-571} Custom Qsetol] Base Qset< 3= 3

ez A vz 4 glok

3 A&
A5,

4.2 Psetn} Qset2| 7Het

bSI+= IFC 2~7|whke} odA| &4 753} Pset} Qset
ke A|9dsh7] sl 13 59F 22 XML 27|78
g <A A PSD(Property ~ Set

z2le]

|
-{ QoDefinitionAliases B-{~=-J~QtoDefinitionAlias

[

J7 5. QTO 44| €&l 27w +x
Fig. 5. Schema Structure of QTO Definition Template

Definition) XML 2=7]7}k2} QSD(Qto Set Definition)
XML 7|7k A3l PSD2} QSDY] <le|HEx=
TEHOE IFC WA, SAAE B4, £48 =43
IFC Entity, A% 442 F4=Ick PSD<} QSD
271mke] zpoli= AN A L] el dlolE] Ef
3 3ot PSDY Property Type> Y, 94, %
% 53} 7+5 EXPESS dHlolg] Elglez F3=w]
QSD*] QTO Type> %o, W4, AH 53} 6714 <
ZF dlole] Elgjeg wHE

£ AFollrM= 38l A wdt 2R E )
o3 PSD9} QSD 2=7|vwlel wle} WA, dlo]e] et
)2 Aot SAHAHES A4 IFC SH~E A4A
3}o] Pset¥} Qset XML< 7HHslitk Common Pset
< IFC AAlol 3% A4 7 9l FHAE|th

Pset2] MLy Al = A 24
‘Pset_CulvertCommon’ XML ™A]¢] d3}= E3ls}

B 4. 3 F%F Pset XML
Table 4. Common Pset Development for Culvert

<Name>Pset_CulvertCommon_K</Name>
<IfcVersion version="IfcRoad"/>
<ApplicableClasses>
<ClassName>IfcCulvert_K</ClassName>
</ApplicableClasses>
<ApplicableType Value>IfcCulvert_K</ApplicableTypeValue>
<PropertyDefs>
<PropertyDef ifdguid="7ba0Obc00d1db11e18000002 15ad4efdf">
<Name>OBS classification code</Name>
<Definition> 2 AR-FA1AI S =</Definition>
<PropertyType>
<TypePropertySingleValue>
<DataType type="IfcIdentifier"/>
</TypePropertySingle Value>
</PropertyType>
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o

5. 42 281 ¢4 Custom Qset XML
able 5.

le Custom Qset for 2way Waterway Culvert Type

<ApplicableTypeValue>IfcCulvertType_K</ApplicableTypeValue>
<QtoDefs>
/* Part of Base Quantity %/
<QtoDef>
<Name>Length</Name>
<Definition>Length of Culvert</Definition>
<QtoType>Q_LENGTH</QtoType>
<DefinitionAliases>%}”] Zol</DefinitionAliases>
</QtoDef>
/* Part of Custom Quantity */
<QtoDef>
<Name>Hunch</Name>
<Definition>Length of Hunch</Definition>
<QuType>Q_LENGTH</QoType>
<DefinitionAliases>1*]4- Z¢|</DefinitionAliases>
</QtoDef>
</QtoDefs>

A o & 49} 2ok

Qset Base Qset¥} Custom Qset 2505 7futs}
9321, Custom Qsetol]:= Base Qset®] <-Ad3}Eo]
3= FEolrk FEwE AR E R A
2EHPYG A Wl E 9l EEAA BIM glo|BReEl=
FEET Sk APl v 2ol Al
o] gJe =2 Custom Qset 7ol o] & g3t}
X 5% Custom Qset] 7| AR kA o]
2% A Elglol] =43
‘Qto_CulvertCustomQuantities_2WayWaterwayType
_K* XML ®Ale] d¥-5 %33 Zle|ch

L‘

fu

4.3 Psetl} Qset2 XEst IFC uld Mo HIAE

7R Pset?} Qseto] Al A8 7heAdS AHS3
7] 913te] Pset 53 BIM &5l 44 3123} QsetS
% BIM 29 £4 3= HAEES s
&JFof|4]+= Autodesk Revito]Zlh= BIM AZE. 1101
o] Pset¥} Qsetd] &3} IFC I} AL X3}
= IfcRoad Converterg 733tk IfcRoad
Converterol|4] Pset Ug ZT3pbd, Psety} 4%
AAe] &4 1 QlE|Fo] 2ol Psetol| 4] A2l 44
ool ®EslAE Abs AAEEs Flsielon,
Revit W45 S22} Qsetol|A] L3t Bk 3=
< A vl AIA Qset LS 2esPd E7F dlofE
7h FEEHEE Fskick

BIM AASANE] A 28-5 913 IFC A

AP 7% el e s 19 63 2o,
2] Revitell IfcRoad Converter& “d*| gt} Revitoll
Al BIM 7|3} i3] F Pset3 ZE3le] AAE <lE]
Sol el wieh AA) S4% QL Querd ZE}

Fi
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| BIM Software Test file.ffc
- OPERTYSET("#
Pset.xml P1 | Pier 41,'Pset_CulvertCommon_K,
@ P2 | Roo1 $.(5028.4620 % _ #032))
=21 MP P3 | Conc| @lnput ——p ‘m : .
- #528=
P2 N properties ®
(@ Modeling IFCPROPERTYSINGLEVALU
P3 7 Export
EF1.
IFC
@ ———— P #2522-IFCELEMENTQUANTI
Load & Take-off TY(" #47°Qlo_ CulvertQuanti
Qset.xml ; < r )_CulvertQuantitie
o Properties 5_K.5.(#20.$620.4...#032));
Q1 |Length [ #500=IFCQUANTITYLENGT
Q2 |Volume H(Length'§ 5.6500..")
Q3 |Area P Parameter mapping *IFC Road Converter

2| 6. Psetd} Qset A5 AvfE]2
Fig. 6. Verification Scenario for Pset & Qset

o] AAe} A4 A & 5, IFC dloly] Wgs &
Y3} Pset2 E3 °]a—§.€ﬂ' 25 A9 Qset2 3l
F2% 55 $4¢] IFC 7 ]9} A7=]o] sele] A
A=k

2 el =2 BIM 29 A1E 9l 753}
o] Ak Ave] o= HAEE S35tk BIM
zdlE] 3ol A= Pset¥} Custom Qset 52
AP lste] 753k BIM gleo|Be]e]E &h8-3)d
7AA& 13 BIM B9l 5ol A4 48S 2438
slA] ks dlolE] o] 73R AFE 3
gl~Eslelrh. 75 AvE]e H2kE F8 A= IFC

J

E 6. Pset¥} Qset2 A-&slo] AA3 IFC 3k
Table 6. IFC File created by applying Pset & Qset

/* Culvert */

#1120=IFCCULVERT_K(’Obh_FLL6v2huVHS8FxsF7f’ #41," 5
228377,$,$,#54,°A Section’”, ELEMENT, 2WayWaterwayType)

/* Input Properties by IFC common Pset */

#626= IFCRELDEFINESBYPROPERTIES(" #41,$,$,(#1120),#627);

#627= TROPROPERTYSEI(” #41, Reet_CuilvertCormon, K, $(HE2BHEO#...#632));

#28= TROPROPERTYSINGLEVALLR Nane”, $ TROLABHL (2Way Watervay),$);

#29= TRPROPERTYSINGLEVALLUR"OBS Gode” $IFAODENITHER(RO01122),9);

#632= TROPROPERTYSINGLEVALUE( Type’,$,JROLABEL("200X200°),9);
/* Take-off Quantity Properties by IFC Custom Qset */
#2522=IFCELEMENTQUANTITY (’3YgwHEKcz4NObXKBC
DIwWLK’ #1114,”Qto_CulvertQuantities_K’,"Custom quantities of’
culvert type for two way waterway.’, ’,(#599,#602,#603,#604,...
#610,4611,#612,));
#599=IFCQUANTITYLENGTH( Length’,$,$,5500.,”");
#602=IFCQUANTITYLENGTH(’hunch’,$,$,200.,”);
#603=IFCQUANTITYLENGTH(’Width_outside_wall’,$,$,300.,”");
#604=IFCQUANTITYLENGTH('Width_inside_wall’,$,$,300.,”");
#605=IFCQUANTITYLENGTH( Height_top’,$,$,300.,”");
#606=IFCQUANTITYLENGTH('Height_middle’,$,$,1500.,”");
#607=IFCQUANTITYLENGTH( Height_bottom’,$,$,300.,”);
#608=IFCQUANTITYLENGTH(’Base’,$,$,4900.,”);
#610=IFCQUANTITY VOLUME(GrossVolume’,$,$,24.04,”);
#611=IFCQUANTITY VOLUME( TotalCount’,$,$,0.,”);
#612=IFCQUANTITY VOLUME(’RebarGrossWeight’,$,$,0.,”);
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