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Abstract The design alternative was materialized through the design phase, and the estimation could be
used as a criterion for adopting the design alternative. The design and estimate of practice are divided
into business scopes, and an accurate estimate is possible when the construction document phase is
reached. Many studies have presented various cost estimation methods for the design phase. Estimations
using BIM facilitate quantity take-off from the 3D model, and there are differences in cost estimation
depending on the level of detail. The cost estimation result by the BIM model generated by the designer
differs from the cost estimation by the estimator. This paper proposes a cost estimation method that
links the design elements selected by the architect and the knowledge of the estimator in the design
process using BIM. This approach is divided into selected elements and non-selected work items, and
the quantity and cost are calculated by each formula. In this research, a prototype was developed as an
initial model to perform in this way. As a result of applying the case, 92.13% of the work items included
in the existing bill of quantity were derived, and the cost error rate was 15.47%. From the interviews,
the prototypes were useful for estimator beginners like architects who need a precise level of detail of

the BIM model for practical applicability.
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Table 1. Primary work performed in design phase

Stage Primary work
- More consultation with the owner than in
other design stages
Pre- - Feasibility analysis of projects
X - Frequent review and comparison of costs
design k
against budgets
- More work related to exterior design than
interior
- Development of schematic design
Schematic alternative based on owner's request
design - Site analysis, space program, layout plan
- Approximate estimates
- Collaboration with engineering companies
. - Completion of design drawings,
Design p N & ) 8
calculation of approximate costs,
development . P
preparation of specification
- deliberation and permit
- Drawing, discussing and supplementing of
Construction en, ineeiin com agn 's o ¢
document 5 X & pany .
- Preparation of construction documents
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Table 2. Final design alternative budget overrun
frequency and cause

Survey respondents
Question Legend
Count Percent
Always (100%) 29 46.0%
Frequency Often (70%) 25 39.7%
of budget Sometimes (50%) 1 1.6%
overruns Occasionally (30%) 5 7.9%
Never (0%) 3 4.8%
Lack of cost review 0
method during design 27 45.8%
Cause of Frequent design changes 17 28.8%
budget Data inconsistency 8 13.6%
overrun
Rough review of cost 4 6.8%
Other causes 3 5.1%
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Table 3. Overview of 31 cases

Gross | Building | Number of floor

Area area Parking

() () Basement | Upper
Min. 6,017 612 1 5 31
Max 110,803 11,203 8 39 1,227
Med. | 27,151 2,165 4 15 195
Avg. | 35,385 3,167 3.9 16.1 284.6
Stdev. | 22,368 2,744 2.2 7.7 284.3
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Table 4. The number and cost of selection finish
work items by architect

Work Items Cost

Total | Select | Percent {Tlt\/all S(elli/([:t Percent

EA | ED | )| ey | krwy | P
Proj. C | 1,778 | 934 52.5 | 21,917 | 11,848 | 54.1
Proj. D | 1,214 | 819 67.5 | 19,680 | 13,493 | 68.6
Proj. E | 720 497 69.0 | 15,964 | 13,399 | 83.9
Proj. F | 1,008 | 677 66.9 11,964 | 8,524 71.3
Proj. G | 297 222 74.8 | 20,418 | 17,472 | 85.6
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Fig. 1. Selected element and non-selected work items

- Selected Element -,
- Count : 245ea (72.7%)
- Cost(IM KRW) : 1,237 (87.3%)

~Non-selected Work Items -
Indirect work items

- Count : 43ea (5.6%)

- Cost(IM KRW) : 86 (5.6%)
General work items

- Count : 80ea (21.7%)

- Cost(IMKRW) : 108 (7%)

Fig. 2. Status of the number of work items and costs
for selected elements and non-selected work
items in BIM model
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Element - Composed Unit Cost of Element : 361.879 «
9 Comp pecificati Unit | Material cost Labor cost ‘Ecquipment Sub total
wall element Weter peilt Toner vl 2 times m2 554 10343 85 1012
Plywood Wall 12mm 2 6,055 11927 - 17,982
‘Cement biick | Stuxderd (ype. mere e 10000 Pieces | - D12 25257 83505 19082 S
Composed Unit Cost 361,879
Components
(work items) . . CodToms et k| . | e cost —Labor cost — Equpmett Sub
cement brick plywood water paint Unit price | Cost | Unit price | Cost | Unit price | Cost total
Concrele bick | 190x57x90mm | m2 | 7875 | 2540 | 200025 - - - - 200025
Dry mortar Formasomy, 40kg | Kg | 36563 | 910 | 33272 B - 33272
Cl:m"”," Masomy worker | Reqular work Tian | 0.187 B ~ | 100414 | 82038 2,038
Regular worker | Regular work man | 0041 84561 | 3467 - - 3467
- - Lift Lift tansportation | m2 | 1 - - - 14082 | 14082 | 14,082
Unitcost  Material Cost Labor Cost Composed Uit Cost 332884

Fig. 3. The composed unit cost of wall element (Concrete brick)
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Table 5. General interaction formula based in regression model

Group Regression models
Name Work Item Primary Equations R R* | R
Reinforcement frame on X = -12347.155+3.635x+2206.324x-0.482 x5+1.079 x4

Door/ top of window. Fill mortar

1 windows | Installation of aw;qing a'round x7. Building area, xz Number of basement floor, .927(a) |.860| .798
around exterior window windows x3 Total area of office, x4 Total area of door/windows
S ) S Y= -313.356+0.007x+0.685x+0.151 x3
. tairs non slip, tairs non
2 |Stair Sign, etc. slip x;° Lot area, x2 Floor area ratio, -835(a) |.697 | .647
x3 Total quantity of tiles
Basin, Shoe rack. Y= -36.927+0.007:x/+0.052x-0.002x5+0.015.x¢
19 |Furniture Kitche-n furniture, Basin x7 Lot area, x2 Floor area ratio, .967(@a) |.935] .915
Shink, etc, x3 Sum of office area, x4 Total area of porcelain tile
i i Y = 326.75+0.921x,+0.096.x.

20 Curtain Curtain box installation ;urtam ,bOX ! E .872() |.760| .732

box installation |y, : Number of parking, x2 : Raised floor area

; . Y= -1063.5+574.5x,

21 Parking Co.rner 'guard, Parking line - ! .980(a) |.960| .919

lot Parking line, etc. x/: Number of basement floor
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Table 7. The measured result of completeness

Number of items
Finish Frame T?tal Complete-
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Table 9. Comparison of time taken to derive Bill of

quantity
Interior finish work Time
QTO CB BOQ required
1 60 30 20° 110’
2 40 15 15’ 60’
Expert 777 50’ 10’ 10° 70
Avg. 73 18’ 17’ 108’
Stdev 34.5 8.8 4.9 44.9
Prototype 110" | 2" 17" 42" 49"
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Table 10. Survey results on usability, usefulness, and
applicability of prototype

Respondents Usability | Usefulness | Applicability

e 17| 40 4.00 3.80

femedae | 0| 418 | 387 373

Average 4.18 3.87 3.73

5. 2E

AAGAL] AH Ak 15710 ANradT AAE
Aol mAE JF v Ak A B A3t FHol
FE A57he A Y B A Al A
k. £ =RoME BIM AATAAN dejnEst %
A FES ke MR P9l A P Agket
gick. BIM3H ¥4 A AFES ek, 4P 9
ANS B3 A%t 2o @_741194 ARG St
ZREEQIS A%/ AAE Agshe ol 24
o W oH A% A *é?ﬂ]"u FAPIE A
23 5 QA Bk ol B AA%E T 2499 A
H7F ok 23 Fi=Al AARE AFA, SRRl |
BoR AR #3¥ Fh2 WAe AP YA
o}, E3t A7 e AEX|2lo] WQs 7-d 9 Jukzkel
PG 44 Aest dAFo 2R BIM 7Rt A

Azto] gaxsh Aol FAET

nREeRlY 4% 23olM, P 3 ulg
71& 3% WolAe} Blaste] oF 95~06% #&9& 5
oﬂ/\—] ?oﬂo] 7]-__ 1:1r o];,qo]— 7:1_1,]_‘— /qu oﬂa]u‘ig_g].
HJAA 2] FHEo] A £ HH A« z}c;] OOLE
% 95%2) BAPIE Aa7t A2z AT % 9SS



AR &85 =5 A A123d A11E, 2022

oAET A EEX“E«] 71E5E Wes AH9 &
8 ARk 1 3 Ay} ZREER] H82 F9 A4 &
8 ARho] skl on, AR a8 | AR A8
7goll wigt de 2APIA o] Sl= AIE d& 5 A3
k. EEEPJ% 71&3} o] BIM LHEE 0|83}
R A%e AR EEY A¥e AS7MA 854

P iR 450 48 W HAES 59 nZEe
Qo] AAEThY, A% ARolq FaF AR
A B2 18T & 9tk

B 2ol AQk BIM A% WS B G

ol ekl AVt WY J1E] ST APa
o] gtk 7129 EAH mEL BIM 73 7% o]

AgrozA BIM 290 AGE0] Helstel et
7 AAE % Q. 71 A1 Azl oje SAEet A
Seg vEsh] o) 488 ARAA ARl TR
o] aPgste] thEEAe] SV Itk B AT R
A eag 9o ekt 999 e 488 wast 9
oF. 3k clitat AAke] BAh] Holol et spE o
A 24o] T A7 wasi

References

[11 S. H. Park, H. J. Park and K. J. Koo, “Schematic
Estimate Framework of Finishing Works based on
IFC-BIM Knowledge”, Journal of the Korea Academia-
Industrial, Vol.16, No. 6, pp.4176-4184, June 2015.
DOI: https://doi.org/10.5762/KAIS.2015.16.6.4176

[2] B. J. Hicks, S. J. Culley, and G. Mullineux, “Cost
estimation for standard components and systems in
the early phases of the design process’, Journal of
Engineering Design, Vol.13, No.4, pp.271-292, 2002.
DOI: https://doi.org/10.1080/0954482021000050802

3] H. G. Kim, S. C.Park, K. J. Koo, T. H. Hong, C. T.
Hyun, “Prototype-based Cost Estimating Model for
Building Interior Construction in Design Development
Stage”, Korea Journal of Construction Engineering
and Management, Vol.8, No.4, pp.110-118, 2007.

[4] K. ]J. Koo, S. H. Park, S. C. Park, S. K. Song, “Object
and Parameter based Schematic Estimation Model for
Predicting Cost of Building Interior Finishing”, Korea
Journal of Construction FEngineering and Management,
Vol.9, No.6, pp.175-184, December 2008.

[5] A. Aibinu and S. Venkatesh, “Status of BIM Adoption
and the BIM Experience of Cost Consultants in
Australia®, Journal —of Professional Issues in
Engineering Education and Practice, Vol.140, No.3,
pp.1-10, July 2014.

DOL: https://doi.org/10.1061/(ASCE)EL 1943-5541.0000193

830

(0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

A. Monteiro, and J. P. Martins, “A survey on modeling
guidelines for quantity takeoff-oriented BIM-based
design”, Automation in Construction, Vol.35,
pp.238-253, November 2013.

DOI: https://doi.org/10.1016/j.autcon.2013.05.005

M. Zhiliang, W. Zhenhua, S. Wu and L. Zhe,
“Application and extension of the IFC standard in
construction cost estimating for tendering in China”,
Automation in Construction, Vol.20, No.2, pp.196-204,
Merch 2011.

DOI: https://doi.org/10.1016/j.autcon.2010.09.017

D. J. Ferry, S. Brandon, and J. D. Ferry. Cost Planning
of Buildings 7th Ed. Oxford, p.376, Blackwell, 1999.

E R. Meyer, and T. J. Burns, “Facility Parametric Cost
Estimating”, AACE International Transaction, pp.1-6,
1999.

J. M. Garza, K. Rouhana, “Neural networks versus
parameter-based applications in cost estimating”,
Cost Engineering, Vol.37, No.2, pp.14-18, Feb. 1995.

A. Murat, “Generation and evaluation of alternatives
for building elements”, Building and Environment,
Vol.38, No.5, pp.707-712, May 2003.

DOI: https://doi.org/10.1016/50360-1323(02)00235-4

S. Chin, S. Yoon, Y. Kim, J. Ryu, C. Choi and C. Cho,
“‘Realtime 4D CAD=RFID for Project Progress
Management”, Construction Research Congress 2005,
CA, USA, pp.1-10, April 2005.

DOL: https://doi.org/10.1061/40754(183)33

A. Shapira, “Octree Subdivision of Building Elements”,
Journal of Computing in Civil Engineering, Vol.7,
No.4, pp.439-457, October 1993.

DOI: https://doi.org/10.1061/(ASCE)0887-3801(1993)7:4(439)

G. Lee, “Key Technologies for Building Information
Modeling”, Korea Journal of Construction Engineering
and Management, KOR, pp.145-149, November 2006.

S. Staub-French, M. Fisher, J. Kunz and B. Paulson,
“An Ontology for Relating Features with Activities to
Calculate Costs”, Journal of Computing in Civil
Engineering, Vol.17, No.4, pp.243-254, October 2003.
DOL https://doi.org/10.1061/(ASCE)0887-3801(2003)17:4(243)

D. Koonce, R. Judd, D. Sormaz and D.T. Masel, ‘A
hierarchical cost estimation tool”, Computers in
Industry, Vol.50, No.3, pp.293-302, April 2003.

DOL: https://doi.org/10.1016/S0166-3615(03)00016-2

S. Karshenas, “Cost Estimating in the Age of 3-D CAD
Software and Object Databases”, Construction
Research Congress 2005, CA, USA, pp.1-8, April 2005.
DOI: https://doi.org/10.1061/40754(183)120

K. Barlish, K. Sullivan, “How to Measure the Benefits
of BIM — A case study approach”, Automation in
Construction, Vol.24, pp.149-159, July 2012.

DOL: https://doi.org/10.1016/j.autcon.2012.02.008

S. Lee, K. Kim. J. Yu, "BIM and ontology-based
approach for building cost estimation’, Automation in




BIM AelE-gas AA k3t v A me ek

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

Construction, Vol.41, pp.96-105, May 2014.
DOI: https://doi.org/10.1016/j.autcon.2013.10.020

S. Zhigang, R. Raja, “Quantitative Evaluation of The
BIM-assisted Construction Detailed Cost Estimates”,
Journal of Information Technology in Construction,
Vol.15, pp.234-257, Mar. 2010.

F. K. T. Cheung, J. Rihan, J. Tah, David Duce and E.
Kurul, "Early stage multi-level cost estimation for
schematic BIM models", Automation in Construction,
Vol.27, pp.67-77, 2012.

DOI: https://doi.org/10.1016/j.autcon.2012.05.008

F. H. Abanda, B. Kamsu-Foguem, J. H. M. Tah, "BIM-
New Rules of Measurement Ontology for Construction
Cost Estimation', Engineering Science and Technology, an
International Journal, Vol.20, No.2 pp.443-459, April
2012.

DOI: https://doi.org/10.1016/j.jestch.2017.01.007

S. Azhar, "Building Information Modeling (BIM):
Trends, Benefits, Risks, and Challenges for the AEC
Industry’, Leadership and Management in Engineering,
Vol.11, No.3 pp.241-252, July 2011.

DOL:  https://doi.org/10.1061/(ASCE)LM. 1943-5630.0000127

H. G. Kwak, Office Building Cost Estimating for
Design Phase Linking BIM Element-Work Items,
Master thesis, University of Seoul, Seoul, Korea,
pp.58-62, 2017.

J. H Yu, An Effective Method for the Cost of Cosntruction
Project using Synthetic Unit Cost, Master's thesis,
Kunsan  Natinal = University = of  Architectural
Engineering, Gunsan, Korea, pp.24-26, 2006.

M.C. Yoon, “Architectural Design Considering the
Composed Unit Cost of BIM Rough Estimation
Research”, Journal of the Architectural Institute of
Korea Planning & Design, Vol.29, No.10, pp.131-140,
October 2013.

S. Denerolle, 2013. “The application of target value
design to the design phase of 3 hospital projects”,
Berkeley, CA: Project Production Systems Laboratory,
University of California, Berkeley; Jan. 2013.

F. Leite, A. Akcamete, B. Akinci, G. Atasoy, and S.
Kiziltas. “Analysis of modeling effort and impact of
different levels of detail in building information
models”, Automation in Construction, Vol.20, No.5
pp.601-609, August 2011.

DOI: https://doi.org/10.1016/j.autcon.2010.11.027

S. Ha, “A study on the BIM Design Process in the
Free-form Design Project: Focused on the
Dongdaemun Design Plaza(DDP) Project”, The Journal
of the Convergence on Culture Technology, Vol.6,
No.2 pp.473-479, May 2020.

DOI: https://doi.org/10.17703/JCCT.2020.6.2.473

831

=13
=l

0z

34(Sang—Hun Park) (M3
+ 201349 29 @ AeAFEYEtL
Auteyst A58t} (FH44A
20134¢ 39 ~ @A : ALAEH
st gttshel A&Fs) (kAL
)

(T Eo})
BIM, H]-8#g],

(g2l

rio

]

+ 20009 129 : University of
Wisconsin-Madison (IR
20029 2¢¥ ~ @A ASAE

sk EATSIEL A% s

.

EAED

BIM, AA|-AlZ S,

444 e, §AB



