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ABSTRACT: As buildings become larger and more complicated, construction costs have increased with a considerable effect on
buildings’ Life Cycle Cost (LCC). However, there has been little consideration on economic aspects in the selection of construction
materials due to limited information on the materials and dependency in architects’ experience and inefficiency in cost estimation,
causing design changes, increase in maintenance cost, difficulty in budgeting, and decrease in building performance. To solve these
problems, this study proposed a BIM-based material selection model which reflects the comprehensive economic efficiency of building
materials. Our cost prediction model can estimates the material-related cost during the entire building life cycle. Furthermore, we
implemented the proposed model in connection with BIM, which can analyze and compare LCC by material. Through the validation of
the model, we could confirm the necessity of LCC-based material selection in comparison with the conventional cost-centered material

selection.

KEYWORDS: BIM, Building Material, Life Cycle Cost, Material Selection, Cost Prediction
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Table 1 Life Cycle Cost-related Previous Studies

Researcher Subject
Life—cycle costing analysis to assist design
Whyte . . . R R
decisions: beyond 3D building information
(2010) ;
modelling
Morrissey | Life cycle cost implications of energy efficiency
(2011) measures in new residential buildings
Choi Comparisons of Selection Methods in Roof
(2011) Waterproofing
53{2) Optimal Life Cycle Cost Design of a Bridge
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Table 2 Classification of Previous Studies Relating to the Selection of Building Materials

Researcher
Alibaba (2004)

Aspect

Subject

A Building Elements Selection System for Architects

Zavadskas (2014)

Function and intervals

Selection of the effective dwelling house walls by applying attributes values determined at

Performance Jee (2000)

A Method for optimal material selection aided with decision making theory

Giudice (2005)

Materials selection in the Life—Cycle Design process: a method to integrate mechanical and
environmental performances in optimal choice

Rahman (2009)

A knowledge—based decision support system for roofing materials selection and cost estimating:
A conceptual framework and data modelling

Perera (2002)

Cost Modelling for Roofing Material Selection

Economic
o (2008) AHP Based—Optimal Selection of Concrete Patching Repair Materials Considering Qualitative
Evaluation Criteria
Park (2009) Economic Analysis of Box Mechanical Behavior Materials Using LCC Analysis
Castro—Lacouture | Optimization model for the selection of materials using a LEED—based green building rating
(2008) system in Colombia
Green A Multi—Criteria Decision Support System for the Selection of Low—Cost Green Building Materials
Yang (2013)
and Components
Song (2005) Development on the Selection of Green Construction Materials for Residental Safety
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Table 3 Differences between Existing and Newly Suggested
Material Selection Methods

Category Contents
Design Phase Construction Phase Phase after Completion
: ; 5 {7 Occurrenceof
én‘coTp‘elef | Construction of | ‘ Problems in
Existin { Selection o  Building Material | i Comprehensive
9 ~ Material | ; | Economic
Method x
" Considering only on
Construction Phase
Design Phase Construction Phase Phase after Completion
Material o i Solution of
Selection i Construction of ! i Problems in i
i Considering | | Building Material | Comprehensive
; ; | ; E i
Suggested |\ LifeCycle Cost s ) conomic
Method
Material
Life Cycle Cost [« e S
Prediiction C ing the Life-cycl
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Table 4 Building Standard Service Life and Service Life Range
Table (Enforcement Rule of the Corporate Tax Act, 2011)

Standard Service Life
and Service Life
Range Structure or Assets
(Lower Limit-
Upper Limit)

Vehicle and transportation equipment
(excluding the vehicles and transportation

EEEID# 0] 20l £2&= HIE= 0I=at| flaiMe +
oo
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Table 5 Long—term Repair Planning Standards (Enforcement
Rule of Housing Act, 2012)

5 years equipment used in transportation business,
(4—6 years) machine & equipment and lease of
consumable goods), tools and movable
fixtures
Vessel and airplane (excluding ships and
12 years airplanes used for fishing, transport
(9—15 years) business, machine & equipment, vessels
used in the lease of consumable goods)
Brick structure, block structure, concrete
structure, chamber, earthen wall structure,
20 years

wooden structure, timber—framed mortar
structure and all other buildings (including
auxiliary facilities)

(15—25 years)

All buildings (including auxiliary facilities) of
steel—framed & reinforced concrete
structure, reinforced concrete structure,
stone structure, stone brick structure and
reinforced structure and fixtures

40 years
(30—50 years)

A
Performance Level

m . i.: Repair i} Replacement
(Condition rating)

Threshold Performance Lé‘\}é\

Time(years)

0 n 2n N1

Figure 1 Building Performance Level Curve (Hong, 2007)
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Categor Construction Repair Repair Cycle | Repair Rates
9ory Type Method (Years) (%)
Partial

K 8 15
(1) Mortar repair
finishi
inishing Comp\gte 20 100
repair
Partial
(2) Artificial artia 10 5
repair
stone Complete
laying pE 20 100
repair
Partial
(3) Artificial artia 8 15
repair
Envelope stone Complete
washing P 30 100
repair
Partial
1
(4) Tile repair 8 0
lavi
aying Comp\_ete 30 100
repair
(5) Stone Partlgl 05 5
laying repair
(6) .Wfater Comp@e 5 100
painting repair
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Table 6 Specified Waste Fee Needed to Place the Waste into
Public Disposal Facilities (Announced by Ministry of
Environment, 2012)

Facility Type of Waste Category Cost (KRW)
Slag, dust, waste
foundry sand, sandblast
waste, waste
relfractorlles,. ceramc . Buried 65,410-85,400
pieces, incineration in person
residue, solid waste,
waste catalysts, waste
absorbents, sludge
Landfill specific
Facilities gravity 68,480—89,400
0.8 or
higher

Waste resin, waste

rubber, waste asbestos |0.6 ~ less 77 210-100,800
than 0.8

Less than

0.6 92,910—121,300

Waste acid, waste alkali Solid 65,410—-85,400

Table 7 Real Discount Rates for the Past Seven Years

Category :?:g?:;: |§§2:u(gg1roz:igg) Inflation | Real Discount Rate

2007 5.07 90.3 25 2,57

2008 517 94.5 47 1.01

2009 3.26 97.1 2.8 0.46

2010 3.19 100 3 0.19

2011 3.69 104 4 —-0.31

2012 3.43 106.3 2.2 1.23

2013 2.73 107.7 1.3 143
average| 3.87 99.99 2.93 0.94
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Table 8 Estimation Costs and Standards by Life Cycle Stage

Stage Estimation Cost Estimation Standards
Con— Price information
; Construction Costs Construction standard
struction
estimating system
Price information
) Real discount rate
Partial .
; Construction standard
Construction . .
estimating system
Cost ) .
Long—term repair planning
standards
; Real discount rate
Repair . .
Cosls Partial Construction standard
Decommissio| estimating system
ning Cost | Long—term repair planning
standards
. Real discount rate
Partial o
) Specified waste fee needed to
Disposal . .
Main— Cost place the waste into public
Main— i iliti
tenance disposal facilities
tenance Cost
osts Price information
Real discount rate
Complete
) Construction standard
Construction o
Cost estimating system
Long—term repair planning
standards
Repl
ei]pei(t: Real discount rate
Costs Complete Construction standard
Decommissio| estimating system
ning Cost | Long—term repair planning
standards
Complete Real discount rate
Disposal Construction standard
Cost estimating system
Real discount rate
Decommissioning Costs Construction standard
Decommi estimating system
ssioning
& Real discount rate
i ifi te f t
Disposal Disposal Costs Specified waste fee needed to
place the waste into public
disposal facilities
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CC = (CA X MCpA) + (CA X ICpA) Al (1)

(&/m’)
* Installation Cost per Area(ICpA) : THHEL Mx|-2H|
2 (Y/m)
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LSt MH=H|S AFFsith 12(1 ASHEo| HHEY AS
g HX|FHIE S6t0 & dX| 2H|E AT ANE S
WS TSI AR AQEE= & AZHIE oSt

3.2.2 FAIH|TA

22 LME= SX2|HI(MC)E $4MH|(RrC)2t AH|
(RIC)Z A (2)2+ &0] T12olH, 2t HIES2 A E oot
RACk A YRH2 A HEEMIM MSske AlS 2 aHF|Q]
HIE AFEALS HEaIRICh M 2 wX| &5 0]Q]9f Yt
2|, 28XIgH| 52 38 ZHl= Melstict

MC = RrC + RiC AL (2)

* Maintenance Cost(MtC) : SX|&2HIE (&)
* Repair Cost(RrC) : #=AMH|E (%)

* Replacement Cost(RIC) : WHH|E (&)

Alulet Al 7120 42i0f T2t ojE0| JK5E A2
o 444 5 WHIZSE AEI0] AFEAOY THRUSIY, 2t AA
S 4 (-1, 4 (-2)9 2tk

RrC = [(CC X Rr/100) + (DeC X Rr/100) + (DIC X
Rr/100)]/(1 + RDr/100)"RrCy Al (2-1)

* Repair Cost(RrC) :
* Construction Cost(CC) : AlZH
+ Decommissioning Cost(DeC) : sHAMHIE (¥)
* Disposal Cost(DiC) : 7|2t (%)

2 (%)
21E (%)

)

240 (2)

g (2

=)

rx

* Rate of Repairing level(Rr) : %=

ot

* Real Discount rete(RDr) : A&
* Repair Cycle(RrCy) : ~MZ=7] (

im
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RtC = (CC + DeC + DIC) / (1 + RDr)"RiCy Al (2-2)

* Replacement Cost(RtC) : uX|H|
+ Construction Cost(CC) : AlZ2H|Z (&
* Decommissioning Cost(DeC) : alf%
+ Disposal Cost(DiC) : H|7|Xz2|H|2 (&)

* Real Discount rete(RDr) : AIZ| SI0IS (%)

* Replacement Cycle(RtCy) : wx|Z=7| (H)
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DDC = DeC + DIC AL(3)
* Decommissioning and Disposal Cost(DDC) : al{x| & H 7|

)

+ Decommissioning Cost(DeC) : s{X|HIZ (2)
+ Disposal Cost(DiC) : H7|x2|H|E (¥)

SiAbIZ2r H7|X2H[S9 MM 212E A (3-1)at 4
(3-2)2+ Ztt.
DeC = (DA + DCpA) / (1 + RDr)"DeCy A (3-1)

+ Decommissioning Cost(DeC) : s{X|HIZ (2)
+ Decommissioning Area(DA) : SHMIZHZ (m?)
+ Decommissioning Cost per Area(DCpA) : THYHXE 4

H=2HIE (E/m)



* Real Discount rete(RDr) : AZ! SIOIS (%)

* Decommissioning Cycle(DeCy) : alid|Z=7| (F)
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2
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M7tx|=2 ghtettt,

DIC = (DA x SG x MT x DICpT) / (1 + RDr)"DeCy
A (3-2)

* Disposal Cost(DiC) : 7|2t (&)

* Decommissioning Area(DA) : SiF|IHE = A|ZHE (m?)

* Specific Gravity(SG) : = HIZ (g/or)

* Material Thickness(MT) : XH= 7| (cm)

* Disposal Cost per Ton(DICpT) : £ H|7|x2|H|&
(g/ton)

* Real Discount rete(RDr) : A& 201z (%)

* Decommissioning Cycle(DeCy) : ali|Z=7| (F)
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BIM Modeler MatirEI DB

ey iEEEEaEREEE

Offer of
Material Information

Cost Estimation Program

Extraction of
Property
Information

(Plug—in)

Cost Estimation Algorithm Cost Estimation Criteria

Application of = Prices Information
Cost Formula - Construction Standard
- CostFormula Estimating System
- Decommissioning and - Long-term Repair
Disposal Cost Formula Planning Standards
o

= Construction Cost Formula

Figure 2 Configuration of BIM—based LCC Prediction Model
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Figure 3 Development of Material Database (a) Material
Information (b) Material Information by Construction
Method (c) Material Information by Decommissioning
Method (d) Waste Disposal Cost by Material
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Table 9 BIM Building Model Information

Figure 4 Linkage between BIM Modeler and Cost Estimation
Program (a) Revit Plug—in (b) Building Material
Attributes (c) Cost Estimation Program

Figure 5 Cost Estimation Program Ul (a) Material Information
(b) Construction & Demolition Information (c) Results
of the Selection (d) LCC Results

Category Description
BIM Model
Size 2—story building with basement
Structure Reinforced concrete structure
Facade Area 58.859m*
Expected Life Span 40 years
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Table 10 Targets for LCC Assessment

Category Granitic Slab Porcelain Tile
Type stone stone
Thickness (m) 0.020 0.018
Specific Gravity 27 26
(g/cm)
Unit (KRW/m®?) 30,000 31,000
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Table 11 Construction and Decommissioning Method and Related
Costs by Material

Category Granitic Slab Porcelain Tile

Construction Method Wet construction Compressioning

Construction Cost

=
521 Mz E Yo7 |HIE oI =Znt
BM 7|2 4057 |BIE OIE22S &5t
A

F7/|d8s Moy, 2ut gls =55

Table 13 LCC Results by Material

119,242 2
(KRW/m?) 19, ,918
Decommissioning Removal of Removal of
Method playwood and weer the tile
Demolition Cost 46,815 16,833

(KRW/m?)
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Table 12 Repair & Replacement Frequency by Material

Category Granitic Slab Porcelain Tile
Repair Cycle (years) 25 8
Repair Rates by Repair 5 10
Cycle (%)
Replacement Cycle (years) - 30
Number of Repair 1 4
Number of Replacement - 1

Estimation Cost (KRW) et Porcelain Tile
Slab
Material Costs 1,757,670 1,816,259
Con—
struction Installation Costs 5,228,600 | 1512475
Costs
Total Construction Costs 6,986,270 | 3,328,734
Partial Construction Costs| 170,935 1,094,663
Partial
; 4.1 24,32
Repair Decommissioning Costs 183 324,325
Costs
Partial Disposal Costs 5,837 67,994
Total Repair Costs 180,955 1,486,982
Mainten .
ance Complete Construction -~ 2514.086
Costs
Costs
Replacem complete - 744,867
ent Costs Decommissioning Costs
Complete Disposal Costs - 156,158
Total Replacement Cost - 3,415,110
Total Maintenance Costs 180,955 4,902,092
Decomm Decommissioning Costs 117,590 678,337
‘SS‘(;”‘”Q Disposal Costs 164,080 | 142,210
Disposal| Total Decommissioning & Disposal
Costs Costs 281,679 820,547
Life Cycle Costs 7,448,904 | 9,051,373
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Figure 7 LCC Analysis Graphs by Material
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Figure 8 LCC Cumulative Graphs by Material
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Table 14 Sensitivity Analysis by Changes in Real Discount

Rates
Real Discount Life Cycle Cost (Unit ; 1000 KRW)
Rate (%) Granitic Slab Porcelain Tile
0.0 7,766 10,852
0.5 7,648 9,827
0.94 7,449 9,051
1.0 7,550 8,954
15 7,467 8,210
2.0 7,397 7,575
A1 0182 0%2 HE5HD LIRSI4S H4 2001 3
§ Edom BN YIS HAE S
(Table 15). LHEX4 4012 7I1ECZ WESSTt SIIe4=
X2/l etele] A2W80] o B0l WAFCE

Table 15 Sensitivity Analysis by Changes in Service Life

Service Life Life Cycle Cost (Unit ; 1000 KRW)
(vear) Granitic Slab Porcelain Tile
20 7,396 4,318
30 7,766 5,400
40 7,766 9,051
50 7,766 11,304
60 8135 11,756
70 8,135 16,730
80 8,505 17,183
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