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ABSTRACT

In the construction industry, adoption of BIM is a global tendency whereas it doesn’t seem to
be fully activated in domestic market. Thus, the need of BIM ROI measurement is emerging.
There has been a few researches which is only focused on evaluating achievement of BIM in
constructional stage. However, it’s hard to find any studies on the case of measurement of BIM
ROI at the design phase. Therefore, this paper analyzes the domestic and external 12 advanced
researches in the measurement of BIM ROI and suggests common investment and return facts.
Based on this, this paper proposes a measuring method which is applicable in domestic architec-
tural firms. To determine the appropriateness of the measure, there has been an expert survey
and interview. According to the expert survey, the measure itself is practical. But in other sur-
vey targeting industry employee, actual profit and efficiency appear to be significantly different
from previous expectations. In short, in the domestic conditions in the design stage, the intro-
duction of BIM doesn’t have a practical effect and this is one of the main reason why BIM
can’t be fully functional.

Key Words: Architectural Design, Building Information Modeling (BIM), Return of Investment
(ROY)
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Table 1 Methodology and Character of Previous Research on BIM ROI
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Table 2 BIM Investment Factor in Previous Research

271

Research Method Researcher
(Application Investment Factor Return Factor
(Year)
phase)
Autodesk™ | Software & Hardware Productivity Gain
(2007) Productivity Loss
Software & Software upgrade Reduced Printing Use Costs
Hardware & Hardware Maintenance Reduced Document Shipping Costs
Burcin B.®! | Training Reduced Travel Costs
(2010) Reduced Approved Change Orders
Reduced Claims & Disputes
Reduced Correcting Errors & Omission
Survey & Hardware Improved Information Control
ourvey Ang Yu Qian® | Software Less Error
nterview .. L
(Design or Desi (2012) Training Improved Communications
£ SIE New Staff Reduced Rework
& Construction
phase) Develop Internal Collaborative Process | Reduced Error and Omissions
BIM Training Collaboration with Owner/Design Firms
. BIM Software Enhanced Organizational Image
131
McG(rza(\;\; :)h“ Develop External Collaborative Process | Reduced Rework
New/Upgraded Mobile Device
Develop Custom 3D Libraries
New/Upgraded Desktop Machines
. Startup Costs Improved Collaboration
14]
Erin }é 0}114(:? | Costs to Tailor BIM to a project Less Rework, Fewer change orders
Longer-term outlays
. . 51 | 0.5% of Contract Value Reduced RFIs(Request for Information)
Brittany Giel
(2009) Reduced Change Orders
Reduced Project Delay
Salman Azhar | 0.2% of Project budget Clash Detection
(2011)
Kristen Barlish® | Increase 31% Design Costs Reduced 5% Contractor Costs
Case study (2011)
(Construction Salih Sen® |0.55% of Total Project Costs Direct Savings
phase) (2012) Indirect Savings
Lee, Gang"'! | Initial Outsourcing fee Reduced Direct Costs
(2012) Salary of BIM coordinator Reduced Home office Costs
Software & Hardware Controllable Change Orders
Lee, Dong-Min""?| Training Costs
(2013) BIM Switching Cost
Salary of BIM coordinator
A 5 BE DAl A&l Thssi, sAm] Il A&o] ks sttt FAg A sh=g o],
A FAPI S 2 W 8ol glens Al azEde], Wit 55 23 Hebd A8
T 4851 olhth. AAGA g7k BIMIZEYI o] B (coordinator)®] Felolth. e
% s Gy 7)o}, A& BIM AAE SatelAw ¥A S 5 g o
Qian nd =} AF TE % (Cash flow) 322 A 2 (error) YA ol W 2 2 7HH FAR|9F Ak
AlstAth AAGA O] A-8e] 7Fssht, AEY 71 ] ZE|aL dlepiel mhE FTIAAe R <l
¥hol}, A, P EARe} ], ealolRjolr.
o]7e] ROI SH54& Z2AHE 7]uko] L A] 7129 2DAAER O 2 A AT HES
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Table 3 Formula of Previous Research

Researcher Formula
B
e
First Year ROI = AT (BxCxD)
Autodesk A = Cost of hardware and software (dollars)
(2007) B = monthly labor cost(dollars)
C = training time(months)
D = productivity lost during training(percentage)
E = productivity gain after training(percentage)
Cash Flow in year k = (Ai)i0 — Ac — (n3Dk — n3Dk — 1)(C3D) — (n3Dk)(m3D) — n2Dk(m2D)
— [(nak)(La) + (nmek)(Lme) + (nsek)(Lse) + (npmk)(Lpm) + (ngsk)(Lgs)] + Sp
Ac = (1 = 0.025Pk)(C0)
n3Dk = (nak + nsek + nmek + npmk + nqsk) / (Pk)
n2Dk = (nak + nsek + nmek + npmk + ngsk) / (1 — Pk)
Sp = (1.085Y)(0.025Pk)(CO)
K = the number of years after initial investment in BIM implementations
A; = forecast growth in income by year k/ current income
ip = current annual income for all project
Ac = adjusted annual overhead costs
C, = current annual overhead costs
P, = percentage of projects with BIM usage; 0 <Pk <1
n3p, = number of BIM enabled workstations
Ang Yu Qian® Nopx = pumber of normal workstations with BIM .capal.)ilities. .
(2012) C;p = investment cost of a BIM-enabled workstation (including hardware, software and training)
m;p = annual maintenance costs of 1BIM enabled workstation
myp = annual maintenance costs of 1 normal workstation without BIM capabilities
ng = number of architects in year k
Ny, = number of M&E engineers in year k
ng, = number of structural engineers in year k
n,, = number of project managers in year k
ny = number of quantity surveyors in year k
L, = average salary per annum for architectural work
L., = average salary per annum for M&E engineering work
L. = average salary per annum for structural engineering work
L, = average salary per annum for project management work
Ly = average salary per annum for quantity surveying work
S, = saving due to productivity gain as experience level of users increase
Y = increased years in industry of all staff from previous year
ROI = [(Zzzo(dp xcp))x (i+idc+hoc)] +Z;V:0(jocw+binw+liqw)— [i+2:: 1(lgxmq)]
i+Zy-1(lgxmg)
i = initial outsourcing fee that includes software and hardware costs, training and architectural-BIM-
to-construction-BIM conversion fee
1 = monthly salary of BIM coordinator (each BIM coordinator may have a different monthly salary)
q = BIM coordinator seral number
k = total number of BIM coordinators
Lee, Gang!'" m = tot_al work montl?s of a BIM coo?dinator
(’201 2) d = estimate of the direct costs potentially caused by an error

¢ = likelihood of not being able to identify the error in the traditional drawing-based approach
p = error number

n = total number of design errors

idc = ratio of indirect costs relative to direct costs in the contract costs

hoc = ratio of home office costs relative to direct costs in the contract costs

jocw = weekly increase in the job overhead costs including indirect costs and home office costs
binw = weekly paid additional bank interest

ligw = weekly nember

w = delayed number of weeks
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Table 3 Continued

AR AR AR R 273

Researcher

Formula

[Zr_o(Dzx P2)] % (1 +idc)

E ROI=

i+ 2 o(Bjx M) 1% [1 +(rx )]

Dz = Direct costs of z’th change order’s controllable element

Lee, Dong-Min'?| Pz = Control Probability of z’th change order (Pz < 0)

(2013)

r = the average interest rate
t = project duration(year)

Idc = ratio of indirect costs relative to direct costs (0.1 < idc < 0.15)

i = initial costs (software and hardware costs, training fee, modeling fee)
Bj = monthly salary of BIM coordinator

Mj = work months of BIM coordinator
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Table 4 Company Size and Field of the Respondents

Con.lpany Archlte?tural Stt’uct}lre MEP BIM | Sum
size planning | planning |planning
3
5 or less 1 5 (53%)
6-10 5 5
people (8.8%)
11-20 5 | 8
people (14.0%)
21-50
people
Over 51 40
people 32 ! ! 6 (70.1%)
No 1 1
Answer (1.8%)
43 1 2 9
Sum (75.4%) (1.8%) | (3.5%) ((15.8%) 37

Investment Factor

40
|
30
25
20
15 = —
10
5
; H B =
Training time Hardware Software Traning costs The initial
effidency

reduction

mYear<3 m3=<year<5 m5=<year<10 10=<year<20 myear>=20

Fig. 1 Recognition of Investment Factor
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Fig. 2 Recognition of Return Factor
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Table 5 Investment Factor and Return Factor

Quantitative| Direct | Hardware & Software
Investment Factor  |[ndirect|Learning Costs
. B f
Qualitative Factor urden of New
technology
Increase Design Revenue
Quantitative| Direct |[Reduced Outsourcing
Factor Costs
Return Indirect|Reduced Schedule

Owner Satisfaction
Reduced Claim &
Disputes

Improved Competitiveness

Qualitative Factor
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