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Abstract. Construction firms attempt to estimate building information modeling (BIM) return on investment (ROI) to 
confirm whether BIM effects are sufficiently positive to satisfy decision-makers. Previous studies have presented the ROI in 
various ways, but a more definitive answer is required to consider possible various effects. Therefore, this study proposes a 
framework for an integrated BIM ROI, a simple, easy-to-understand, and practical tool that is established from substantive 
requirements from experts in the construction field. The framework consists of a three-phase process including a total of 
11 steps. These phases are assessment planning, primary BIM ROI based on preventing rework, and integrated BIM ROI. 
Based on the proposed framework, an actual effect analysis of BIM project was conducted and the suitability of the meth-
odology was discussed. The results of applying the framework showed that the primary ROI based on prevented rework 
costs was about 167.8% and the integrated BIM ROI to consider the overall effect of applying BIM was about 476.72%. 
In addition, the expert’s discussion confirmed that the framework can be employed as a practical means to evaluate BIM 
performance. This framework can be provided as a guideline to present an integrated BIM effect and assist to efficiently 
BIM application.

Keywords: building information modelling (BIM), return on investment (ROI), design review, preventing rework, analytic 
hierarchy process (AHP).

Introduction

Estimating the monetary performance of building infor-
mation modeling (BIM) is one of the most critical tasks at 
the end of a project (Lee et al., 2012). Because the appli-
cation of BIM requires investment, decision-makers who 
decide to apply the technology need to verify whether its 
monetary performance exceeds the cost. Return on invest-
ment (ROI) is the most widely used methodology that can 
verify BIM performance (Azhar, 2011; Barlish & Sullivan, 
2012; Bryde et  al., 2013; Ghaffarianhoseini et  al., 2017; 
Qian, 2012; Walasek & Barszcz, 2017; Won & Lee, 2016). 
As ROI is provided with quantitative values, the decision-
makers can clearly confirm success or failure of the BIM 
project and determine whether its outcome meets expec-
tations (Anumba et al., 2010; Autodesk, 2007; Bernstein 
et al., 2014; Young Jr. et al., 2009).

However, there are several limitations to accurately 
translate the BIM effects into numerical values. The mea-

surement of BIM effects is based on various suppositions 
compared with a situation where BIM is not applied 
(Azhar, 2011; Barlish & Sullivan, 2012; Bryde et al., 2013; 
Ghaffarianhoseini et  al., 2017; Lee et  al., 2012). Conse-
quently, several previous studies provided numerical val-
ues of BIM ROI in their case project, but these studies 
reported these values without presenting details about 
specific descriptions of the supposition and calculation 
processes (Ghaffarianhoseini et al., 2017; Lee et al., 2012). 
These cases report a very wide range of ROI values (Giel 
et al., 2010; Lee et al., 2012); thus, these results question 
the reliability of BIM applications and cause a negative 
perception of them.

Another limitation of previous BIM ROI studies is that 
it is difficult to propose an integrated BIM ROI that con-
siders all possible effects. BIM is applied to construction 
projects to create a variety of effects, and an integrated 
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BIM ROI considers all possible effects (Anumba et  al., 
2010; Autodesk, 2007; Bernstein et  al., 2014; Young Jr. 
et al., 2009). In order to calculate the BIM ROI, the effects 
need to be converted into costs. However, converting all 
of the various effects into costs is practically impossible. 
Thus, an ROI that considers only the effects that can be 
converted to costs means that the results include an un-
reasonable or limited ROI calculation. In particular, intan-
gible effects, such as improving communication between 
participants, which are difficult to convert into costs, are 
important challenges for an integrated BIM ROI to calcu-
late. Therefore, many previous studies focused on a tangi-
ble effect as preventing rework that is easy to convert into 
cost, in contrast with intangible effects by BIM adoption 
(Lee et al., 2012, 2018; Ham et al., 2018; Won et al., 2016). 
Lee et al. (2012) and Won and Lee (2016) analyzed a BIM 
ROI based on the avoidance costs of rework because of 
design errors. Based on the probability of detecting design 
errors, these studies calculated the direct cost and predict-
ed the BIM ROI by considering the effects on the schedule 
and quality. Although specific measurement procedures 
have been presented, including a probabilistic approach, 
there is a lack of explanation for the detailed calculation 
methods of direct cost, and there is a limit to presenting 
the integrated BIM ROI because of excluding intangible 
effects. Thus, although quantitative values were presented 
with details, the BIM ROI was presented without intan-
gible effects, or other possible effects were in question. The 
clients and decision-makers, especially in Korea, prefer an 
integrated BIM ROI, although it is a rather simple method 
if it involves more definitive procedures. In other words, 
the integrated BIM ROI could be more realistic and rea-
sonable than an ROI that has been meticulously analyzed 
based on some parts of all the effects.

The purpose of this study is to propose a simple, easy-
to-understand, and practical framework for assessing the 
integrated BIM ROI in construction projects. In this study, 
design review, which is one of the basic services of BIM, in 
the construction phase, was examined. The effect of pre-
venting rework by the design review is converted into cost, 
and, based on the results, the framework for estimating 
an integrated BIM ROI is proposed. In addition, the pro-
posed framework has the extensibility to apply additional 
services beyond the basic services, such as 4D simulation, 
5D simulation, and others. The proposed framework can 
be defined as a practical methodology that can clearly rep-
resent the integrated BIM ROI based on the quantification 
of rework prevented effect by BIM adoption. Design con-
sideration for the framework and the criteria for analyz-
ing the effect of BIM were established by eliciting experts’ 
knowledge and consultation.

This paper is organized as follows. The next section 
reviews previous studies on BIM ROI. The third section, 
based on the requirements, proposes the framework and 
explains the details of each phase. In the fourth section, 
the framework was applied to a case project, and the re-
sults and limitations are discussed.

1. Literature review

Many studies have conducted BIM ROI evaluations to 
quantify the BIM effects based on design review (Giel 
et al., 2010; Khanzode et al., 2008; Lee et al., 2012, 2018; 
Sacks et al., 2005; Won et al., 2016). These studies reported 
that the design review has effects on various tangible or 
intangible benefits, such as preventing rework, reduc-
tion of errors and omissions, construction cost over-
runs, schedule delays, safety, and quality. These benefits 
are converted into cost and then applied to output costs 
of calculating BIM ROI. In this work, the service fee for 
the design review in the ROI calculation was input cost. 
Khanzode et al. (2008) reported that the rework costs were 
reduced to 0.2% of the work costs by using BIM; as a re-
sult, the schedule of the project was reduced by 6 months 
and the costs were reduced by about $9M for the over-
all project. Sacks et al. (2005) applied BIM to 50 sites in 
North America and quantitatively analyzed the effects by 
comparing the proposed method to the existing two-di-
mensional (2D) method. The results indicated that apply-
ing BIM saved 2.3% of the total construction costs because 
of the reduced engineering costs caused by improved work 
productivity, as well as the prevention of rework achieved 
by the pre-detection of design errors through interference 
reviews. Lee et al. (2012) analyzed the BIM ROI of a pro-
ject in which BIM was applied to the construction of a 
new domestic large-scale multiplex building. A BIM ROI 
of 22–97% was derived by converting 709 design errors 
detected by BIM into rework cost savings. Then, the ROI 
increased to 624–699% when the potential effects caused 
by preventing delays were added. Won et al. (2016) esti-
mated the amount of construction waste prevented by a 
BIM-based design validation process based on the amount 
of construction waste that might be generated because of 
design errors. Giel et al. (2010) selected two similar pro-
jects and analyzed differences in performance based on 
whether BIM was applied. In the project that used BIM, 
direct and indirect costs at the site were saved because of 
a reduction in design modification and construction peri-
ods. As a result, the BIM ROI ranged from 16% to 1,654%. 
Lee et al. (2018) estimated the BIM impact on preventing 
rework in their case study and determined that approxi-
mately $314,000 was saved by BIM adoption.

Although these studies provided quantitative numeri-
cal values for BIM ROI, most of the analysis results and 
their methods have limitations in clearly describing the 
effects of the application. In several cases, ROI results 
have been proposed without details about data collection 
and analysis methods (Ghaffarianhoseini et al., 2017; Lee 
et al., 2012). These cases report very wide ranges of ROI 
values depending on the project characteristics, tasks to be 
performed, and analysis methods. Such results may cause 
confusion in the interpretation of the effects of BIM ap-
plication and, thereby, lower their reliability. In particular, 
most studies do not provide a BIM ROI that incorporates 
all possible effects, such as type and intangible benefits. 
For example, tangible effects, such as direct costs reduc-
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tion and schedule saving, from preventing rework were 
converted into costs, but intangible effects, such as quality 
improvement, safety improvement, and communication 
improvement, were excluded or provided only as prob-
abilities (Lee et al., 2012; Won et al., 2016). In other words, 
limited BIM ROIs are presented that do not include all the 
benefits because they exclude intangible effects that are 
difficult to translate into costs. In fact, decision-makers 
need simple and clear ROI results that include a process 
to compare the input and output costs for applying BIM. 
Consequentially, contractors or decision-makers need to 
clearly confirm whether the effects of BIM application 
would exceed the BIM input costs; however, previous 
analyses cases fail to provide reliable and reasonable re-
sults.

Therefore, the target and scope of the analysis must be 
clear, and the effects of BIM application must be provided 
through a method of analysis that can be understood by 
project participants. In particular, it is necessary to set the 
correct target and scope in estimating the effects of BIM 
application and to propose a framework that considers in-
tegrated BIM effects in the calculation method.

2. Framework for an integrated BIM ROI

2.1. Requirements

To improve the reliability and usability of the results, the 
requirements of the framework must be specified. For 
this, a consultation meeting was conducted with the field 
experts of the BIM project. The experts were composed 
of five BIM coordinators, six construction engineers, 
and three project managers who were involved in a BIM 
project at least twice, and they had an average of more 
than 5.5 years of experience related to BIM application. 
In addition, they had experience in reviewing preliminary 
constructability, design change, and the request for infor-
mation based on design review reports provided by an 
involved BIM service company. Therefore, their opinions 
were reliable because they had a high understanding of 
BIM and recognized the need for BIM ROI. As a result, 
four common requirements of the framework were sum-
marized as follows.

First, the outcome of the framework should be pro-
posed to include monetary value. This criterion was sug-
gested as the most important because monetary values 
provide more intuitive and persuasive results than refer-
ence percentage values such as “00% improvement com-
pared with the existing level”. Second, results of the design 
review from BIM that can also be solved in the existing 
method (2D) must be excluded or considered BIM con-
tribution from effect analysis. In other words, even if con-
struction error or rework possibilities are found through a 
design review of BIM, they cannot be seen as the effects of 
BIM if they are items that can also be found through the 
existing 2D methods. As mentioned in the literature re-
view, Lee et al. (2012) and Won and Lee (2016) proposed 
the BIM ROI analysis method based on the probability of 

design error detection. As a result of discussions with the 
experts, their analysis methods were discussed as reason-
able and useful approaches. These approaches could im-
prove the accuracy of the effect analysis by providing more 
practical and reasonable BIM application effects. Third, 
the calculation process of BIM effects must be clearly 
provided. If the calculation process is clearly presented 
and subjected to bidirectional reviews, more reliable re-
sults with high usability are provided. Lastly, an integrated 
BIM ROI that considers both tangible and intangible ef-
fects should be presented. Previous studies have provided 
monetary values for tangible effects, but they provided this 
value either as a percentage or separately for intangible 
effects, causing confusion when calculating the total ROI. 
Thus, this requirement could complement the limitations 
of numerous previous studies.

BIM ROI analysis based on the effect of preventing 
rework by design review is one of the typical methods of 
measuring the impact of BIM. In other words, it is nec-
essary to systematically analyze the effect of preventing 
rework first because it can provide reliable analysis results 
and satisfy the requirements of various and complicated 
BIM effects. In addition, based on these results, questions 
about the overall effects of BIM, i.e., an integrated BIM 
ROI, need to be answered. Thus, the framework proposed 
in this study presents detailed processes that satisfy the 
requirements and provides the calculation method for the 
integrated BIM ROI.

2.2. The proposed framework

The objective of this study is to propose a framework for 
measuring BIM ROI. This framework is intended to be a 
method and process that can be adapted to fit a variety of 
BIM effects and project situations based on the require-
ments. The framework consists of a three-phase process, 
including a total of 11 steps. These phases are assessment 
planning, primary BIM ROI based on preventing rework, 
and integrated BIM ROI, as shown in Figure 1. The de-
tailed descriptions are introduced in the following sec-
tions.

2.2.1. Phase I: Assessment planning
The first phase of this framework is assessment planning. 
This preparatory phase defines the object and the scope of 
the assessment, collects related data, and prepares the sur-
vey. Determining the target and scope of the assessment is 
the first step that is one of the most basic and important 
parts of the framework. This step means to establish the 
construction type, location, and duration of the BIM ap-
plication to be assessed. In addition, this step clarifies the 
scope of BIM uses applied to the project and identifies the 
expected effects through the BIM application. The effects 
include the purpose of BIM application and all possible 
effects. For example, if the design review was applied to 
the project, the expected effects could be the cost savings 
from preventing rework, schedule compliance, work ef-
ficiency improvements, quality improvements, and safety 
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improvements. These decisions determine the target and 
scope of the data collection and decide who will be sur-
veyed for ROI calculation. In other words, the decisions 
are important criteria in the evaluation process and sup-
port the comfortable operation of the framework and en-
sure more correct results are provided.

The second step of the assessment planning phase is 
the data collection required for the BIM ROI calculation 
process. If the design review is the BIM service of the 
project, documentation should be collected for the ROI 
calculation, i.e., a contract of BIM service containing the 
execution plans and the service cost. Design review re-
ports should also be collected according to the object and 
scope established in the first step. The reports are some of 
the most important documents for analyzing the prevent-
ing rework, and, if necessary, these documents may need 
to be revised to ensure estimators clearly understand the 
effects. Furthermore, guidelines of estimates must collect 
documents required for detailed calculation for items of 
preventing rework, such as quantity per unit, material and 
labor unit price, and overhead cost standard.

Lastly, the third step in this phase is preparation for 
the survey. Based on the data collected in the second step, 
the third step selects experts within participants of the 
project who analyze the items of the report. The experts 
are classified as work type according to the contents of the 
items, and they evaluate the BIM contribution level and 
perform an estimate for each item in the second phase.

2.2.2. Phase II: Primary BIM ROI based  
on preventing rework
The second phase of the framework is calculating primary 
BIM ROI based on the preventing rework, which is a pre-
analysis phase for deriving the integrated BIM ROI. This 
phase is proposed by referring to the methods presented in 
previous studies of Lee et al. (2012) and Won et al. (2016). 
These studies calculated the direct cost for each item by 
considering the likelihood of identifying errors by BIM 
when analyzing the economic impact through preventing 
rework. However, these studies need to be complemented 
in terms of accuracy by categorizing the probability of error 
detection into three levels (Level 1: 25% or below, Level 2:  
50%, Level 3: 75% or above). From a preliminary review 
of the case study in this study and previous research (Lee 
et al., 2018), about 27% or more of the total errors were 
found to be errors that could be detected in traditional 2D 
drawing-based processes or without using BIM. If their 
approach is applied, there is a limit to accuracy because 
it applies a weighting value of 0.25 to these errors. In this 
study, the contribution of BIM was evaluated by apply-
ing a 5-point Likert scale based on the case of no contri-
bution of BIM to detecting errors. Another limitation of 
these studies is when suggesting the results of calculation 
of direct costs without detailed explanation. Because this 
study strives to propose a practical process for deriving 
BIM ROI, it is necessary to present a practical and specific 
calculation process. In this study, assuming that a case of 
each error in the design review report was constructed 
without being detected, the actual cost of the case was cal-
culated by placing it into three cost categories: the cost of 
initial construction, the cost of demolition, and the cost of 
reconstruction. Then, the BIM contribution level of each 
case was applied as a weighting value to the results of the 
cost calculated. As a result, the method proposed in this 
study could provide a more improved outcome in terms 
of accuracy and be more realistic.

The first step of the second phase is conducting a sur-
vey on the BIM contribution level. In this study, a survey 
form using a Likert-type 5-point interval scale is inserted 
into each design review report case to evaluate the BIM 
contribution level. Figure 2 shows an example of a ques-
tionnaire that has been modified to evaluate the BIM con-
tribution level.

Because the definition of each scale is an important el-
ement that ultimately determines the cost calculation, the 
scale was defined as follows through expert discussion and 
improvements in methods of the previous studies men-
tioned above. First, point 1 is defined as the items that can 
be detected in traditional 2D drawing-based processes or 
without the BIM contribution. In other words, this point 
corresponds to simple errors or omissions in drawing no-
tation with almost no rework probability. Next, point 2 is 
defined as the items that can be easily detected using BIM 
compared with traditional 2D drawing, or items that are 
not critical enough to cause a rework. These items cor-
respond to the partial interferences detected during the 

Figure 1. Phases in the proposed framework
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creation of the integrated BIM model. They can be found 
naturally during construction and can be solved by draw-
ing modifications through simple discussion. Point 3 cor-
responds to the items for which the contribution of BIM 
is in the middle of the contribution scales. Based on point 
3, the lower points (one and two points) represent items 
for which the corresponding error can be easily found us-
ing traditional 2D drawing without the BIM application, 
or the possibility of rework is rare, and the higher points 
(point 4 and point 5) represent items for which the review 
through BIM is relatively significant. Thus, point 4 cor-
responds to the items for which it is difficult to find the 
corresponding error without the BIM advance review and 
the probability of rework is very high. Lastly, point 5 is 
defined as a serious item where rework occurs in case of 
not having the BIM advance review.

In the second step, the reliability of the survey results 
is analyzed, and the statistical value of the overall BIM 
contribution level is calculated. The BIM contribution 
value, cr, is then calculated by analyzing the BIM contribu-
tion level of each item collected through the survey. The cr 
value is calculated using the average value of each contri-
bution level based on the collected survey results. Because 
the 5-point interval scale was applied to the survey, the cr 
value was set for the average values of the contribution 
level at 0.8 intervals (Table 1). After calculating the rework 
cost of each item of the next step, the cr value of each item 
is multiplied by the result.

In the third step, assume that rework occurs for each 
item in the design review report and perform the cost es-
timation of rework for each item. The cost of rework is 
divided into the costs of initial construction, demolition, 
and reconstruction. For each, cost, material, labor, and 

overhead costs are calculated. This cost estimation work 
is performed by discussing the costs with the respondents 
and the quantity surveyor in their project. Table 2 shows 
an example of a rework cost estimation sheet by the quan-
tity surveyor. This example sheet calculates an estimate 
based on one case of the design review report. Without 
the design review by BIM, the grand total cost of this item 
is 4,890 in USD, which is the sum of the three costs (the 
cost of initial construction, the cost of demolition, and the 
cost of reconstruction). However, if the item was detected 
by design review, only the cost of reconstruction would 
have been used. As a result, the preventing rework effect of 
BIM design review would be 3,090 in USD, i.e., the sum of 
the cost of initial construction and the cost of demolition.

In the last step of this phase, primary BIM ROI based 
on preventing rework is calculated. The ROI calculation 
that reflects the cr value and the results of rework cost esti-
mation in the third step are formulized in Eqn (1) such as: ( )
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Figure 2. Example of a questionnaire for the BIM contribution level

Table 1. cr value by level of the BIM contribution level

cr value (%) Classification

0 1.00 ≤ avg. ≤ 1.80

25 1.80 < avg. ≤ 2.60

50 2.60 < avg. ≤ 3.40

75 3.40 < avg. ≤ 4.20

100 4.20 < avg. ≤ 5.00
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where the net profit on preventing rework variables are 
as follows: primary BIM ROIpr, BIM ROI based on pre-
venting rework; r – item number of design review report; 
n – total items of design review report; mr – material costs; 
lr – labor costs; or – overhead costs; cr – BIM contribu-
tion level. The investment variables are as follows: sf –BIM 
service fee paid by the construction firm; mss – monthly 
salary of a BIM coordinator assigned from the construc-
tion firm; t –total number of BIM coordinators assigned 
from the construction firm; ws  – total work months of 
a BIM coordinator assigned from the construction firm; 
s – serial number of a BIM coordinator assigned from the 
construction firm; ds – input work ratio of BIM coordina-
tor assigned from the construction firm.

Lee et  al. (2012) proposed the BIM ROI calculation 
formula based on prevented rework costs. The Eqn (1) of 
this study was simply revised by referring to the formula 
as a net profit divided by investment cost. The Primary 
BIM ROIpr can be defined as a calculation formula that 
can convert the BIM benefits’ contribution to preventing 
rework into a monetary value from the point of view of a 
construction firm in the construction phase. The targets of 
this calculation formula are the design review report cre-
ated in the construction phase. Under the assumption that 
rework occurs for each item of the report, the formula cal-
culates the rework costs by calculating the material costs 
(mr), labor costs (lr), and overhead costs (or) and reflects 
the BIM contribution level (cr) to them. Because the BIM 
ROI of this study is from the perspective of the construc-
tion firm, the investment includes the BIM service fee and 
the cost that is related to the manpower assigned from the 

construction firm to support the service. The ROI derived 
from this phase is an important result for the calculation 
of the integrated BIM ROI in phase III and could be in-
dependently suggested at the same time.

2.2.3. Phase III: Integrated BIM ROI 
The last phase of the framework is calculating an integrat-
ed BIM ROI. The ROI, proposed to consider the overall 
effect of applying BIM to the project, is analyzed based on 
the BIM ROIpr. The last phase consists of a total of four 
steps, as shown in Figure 3.

The first step of the last phase defines BIM effects from 
applying a BIM service. The application of BIM produces 
a variety of effects in the construction phase. Because the 
purpose of this framework is to predict the economic im-
pact of applying BIM, a definition of all kinds of possible 
effects from applying BIM service is first required. The 
person in charge of ROI measurement needs to define the 
effects based on the BIM services applied to the project. 
For example, if the design review is a BIM service in proj-
ect, the possible effects are preventing rework, preventing 
scheduling delays, improving work efficiency, and improv-
ing quality. In addition, if there is an effect aimed at apply-
ing BIM, this may be added. Importantly, the defined ef-
fects must include quantitative or tangible effects that can 
be converted into costs. The effects of preventing rework 
are proposed as tangible effects in this study. 

The second step is to measure the weighting value for 
the defined effects. In this study, the weighting value of 
defined effects is estimated through the analytic hierar-
chy process (AHP) questionnaire. The AHP, which was 
developed by Saaty in the early 1970s (Saaty, 2005), is a 
structured tool to assist people in dealing with complicat-
ed decision-making problems by stratifying the problem 
into smaller issues and prioritization issues based on ex-

Table 2. Example of a rework cost estimation sheet

Case Num. 000-000-00 Location 000

Description Modify entrance stairs + ramp to ramp only Date 0000.00.00

Category
(rework cost) detail work spec. unit quantity unit 

price

Cost
Total costmaterial 

cost
labor 
cost

overhead 
cost

The initial cost 
of construction

Entrance stairs 
and ramp 
construction

Entrance 
stairs

W = 1200, 
L = 3000 EA 1 720 504 216 – 720 

Ramp W = 2000 EA 1 520 364 156 – 520 
Sub total 1,240 868 372 – 1,240 

The cost of
demolition

Demolition
work 

Entrance 
stairs 

W = 1200, 
L = 3000 EA 1 650 – 260 390 650 

Ramp W = 2000 EA 1 1,200 840 360 – 1,200 
Sub total 1,850 840 620 390 1,850 

The cost of 
reconstruction

Reconstruction 
of ramp only Ramp W = 3200, 

L = 3000 EA 1 1,800 1,260 540 – 1,800 

Sub total 1,800 1,260 540 – 1,800 
Grand total 4,890

Preventing 
rework effect (The initial cost of construction + The cost of demolition) 3,090
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pert knowledge (Saaty & Vargas, 2012). The AHP has been 
applied in various areas of construction as a systematic ap-
proach for solving decision-making problems. In addition, 
the AHP determines the relative importance weights of 
factors for goals using pair-wise comparisons (Saaty, 2005; 
Saaty & Vargas, 2012). To evaluate the weighting value of 
each effect, a questionnaire is developed. Pair-wise com-
parisons were used to evaluate the relative economic im-
pact of effects. After consistency was checked, the value of 
each effect is then derived.

In the third step, the economic impact of each effect 
is calculated by considering the weighting value. This is 
a very critical step in this framework for presenting an 
integrated ROI. The weighting values from AHP are the 
criteria for converting each effect into an economic im-
pact. In other words, because the preventing rework effect 
has been converted into economic impact from phase II, 
the other effects can be converted into economic impact 
using a proportional expression that applies the economic 
impact of preventing rework and its weighting value. For 
example, if the economic impact of the preventing rework 
effect is 100 and the weighting value is 0.2, then the other 
effect of a weighting value of 0.5 is calculated to have an 
economic impact of 250. The economic impact of each 
effect is calculated according to Eqn (2), which modifies a 
proportional expression such as:

    n pr
n

pr

wv EI
EI

wv

×
= ,  (2)

where: the variables are as follows: n – the defined effect 
number; EIn – economic impact of effect n; wvn – weight-
ing value of effect n; EIpr – economic impact of the pre-
venting rework; wvpr, weighting value of the preventing 
rework.

The last step of the framework is calculating the inte-
grated BIM ROI. ROI is calculated as net profit divided 
by investment cost (Botchkarev et al., 2011; Lynch et al., 

2006). In this framework, the net profit is the sum of EIn, 
which is the total economic impact by BIM adoption, and 
the investment applies the calculated investment cost in 
phase II. The integrated BIM ROI is calculated according 
to Eqn (3):
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3. Case study

3.1. Overview

Based on the proposed framework, an actual effect analy-
sis of a BIM project was conducted, and the suitability 
of the methodology was discussed. This case study was 
aimed at a BIM project applied to the construction of 
building A of a public sports facility project in Korea. BIM 
services were applied to this project to develop the BIM 
model of architecture and structure and to provide the 
design review report. The BIM model was completed in 
the level of development (LOD) 300 (American Institute 
of Architects [AIA], 2013) based on the drawings from an 
architectural firm before starting the construction, and the 
design review was performed three weeks before the start 
of construction of the review regions to be constructed. 
The overview and created BIM model of the case project 
are shown in Table 3 and Figure 4, respectively.

3.2. ROI analysis

3.2.1. Phase I: Assessment planning
The first step is to define the analysis of the object and 
the scope. As described in Table 2, building A of the case 
project was selected for ROI analysis. The building was 

Figure 3. Schematic diagram for an integrated BIM ROI
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an appropriate target for ROI analysis because the de-
sign review was systematically performed according to 
the construction progress with active cooperation from 
participants on site. The main constructor required an 
analysis of the effects of BIM application and finally de-
cided to conduct an analysis of the integrated ROI. The 
ROI analysis was aimed at BIM service that established a 
BIM model of architecture and structure and included a 
design review of them. In contrast, the BIM model of the 
mechanical, electrical, and plumbing (MEP) part was ex-
cluded from the analysis because it differs from the LOD 
and timing of establishing the BIM model of the architec-
ture and structure.

The second step is collecting the data required for the 
ROI calculation process. A total of 127 cases of design 
review related to architecture and structure were reported 
in the project. In addition, the documents, such as de-
tail schedules and photos, needed to discuss these cases 
were collected, and data for cost estimation were prepared. 
Then, the cases were grouped as related cases. Table  4 
shows the work type classifications. The work type catego-
ries were architecture (48%, 61 cases); structure (16%, 13 
cases); between architecture and structure (38%, 30 cases); 
and other works related to civil engineering and landscap-
ing (12%, 9 cases).

Lastly, the third step in this phase is preparation for 
the survey. Based on the data collected in the second step, 
this step selects experts within participants of the project 
who analyze the items and evaluate the BIM contribution 
level. The participants in the survey included five BIM 
coordinators, six construction engineers, three project 
managers, and two cost estimators; and these participants 

were involved in a BIM project at least twice and had an 
average of more than 4.2 years of experience related to 
BIM application.

3.2.2. Phase II: Primary BIM ROI based  
on preventing rework
In the first step, 127 items were provided to the survey 
participants selected in phase I, and a survey on the BIM 
contribution level evaluation was conducted (August to 
September 2017). On completion of the survey, in the sec-
ond step, the BIM contribution levels submitted by the 
participants were averaged and classified as the cr value in 
Table 1. Table 5 shows the result of the classification of cr 
values for each work type. The 50% cr value was the larg-
est with 36 cases and 0% (with no contribution of BIM) 
cr value was the second largest with 33 cases. In contrast, 
there were only 3 cases where it was certain rework oc-
curred (100% cr).

As a third step, the rework cost was calculated from 
the sum of the initial construction and demolition costs, 
assuming that each item was reworked. The calculation 
was performed by an estimation expert with more than 20 
years of experience to ensure the reliability of the results. 

Figure 4. BIM model of the case project

Table 3. Summary of the case project

Category Description
Project name A public sports facility project
Target building A building
Location South Korea
Construction type Steel
Construction period 2015.07–2017.09 (28 months)
Gross floor area 25,661.45 m2

BIM’s level of detail (LOD) 300
BIM scope BIM modeling and design review

Table 4. Classification of the work type

Work type Number of items % of total
Architecture 61 48
Structure 16 13
Between architecture  
and structure

38 30

Other works 12 9
Total 127 100

Table 5. Results of BIM contribution level (cr)

Work type Number 
of items

Number of cr value

0% 25% 50% 75% 100%
Architecture 61 12 10 18 20 1
Structure 16 8 3 1 4 –
Between 
architecture 
and structure

38 6 10 14 6 2

Other works 12 7 – 3 2 –
Total 127 33 23 36 32 3
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Although the evaluation was performed by one person, 
consistency in the estimation was secured, and the accura-
cy of the results was ensured by repeated reviews. Table 6 
shows the results of the estimation details.

In the last step in the second phase, according to 
Eqn  (1), the primary BIM ROIpr was finally calculated. 
In the previous step, the rework cost for all items was 
calculated to be about USD 576,977 (Table  6). Through 
applying the cr value, the economic impact of preventing 
rework was calculated as USD 322,191. Table 7 shows the 
calculation details of the numerator of Eqn (1). Therefore, 
the net profit on preventing rework was USD 467,253. The 
investment value is the sum of the BIM service cost paid 
by the construction firm (sc) and the construction firm 
personnel support cost for BIM coordination. In this case, 
the BIM service cost was approximately USD 162,000 and 
five BIM coordinators (t) were deployed at 5% work ra-
tio (d) over a period of about 28 months (w), which is 
approximately USD 30,000. Accordingly, the investment 
cost was approximately USD 192,000. Overall, the primary 
BIM ROIpr of the case study was calculated to be approxi-
mately 167.8% (= USD 322,191/USD 192,000).

3.2.3. Phase III: Integrated BIM ROI 
In the first step, BIM effects from applying BIM service 
in the case project were discussed from which the criteria 
were defined such as: preventing rework, schedule com-
pliance, improving work efficiency, safety improvement, 
quality improvement, and strengthening BIM capability. 
In the second step, the weighting values of these six de-
fined effects were calculated based on an AHP question-

naire submitted to the experts. The experts who partici-
pated in the first and second steps were the same as the 
experts defined in the first phase and, as mentioned, there 
were a total of 16 experts with an average of 4.2 years of 
experience working on BIM applied projects. All of the 
respondents showed a consistency ratio of less than 10%. 
According to Eqn (2), the economic impact of each effect 
was calculated, as shown in Table 8. The last step of the 
framework is calculating the integrated BIM ROI. Accord-
ing to Eqn (3), the net profit is the sum of EIn, which is the 
total economic impact by BIM adoption, and the invest-
ment is applying the calculated investment cost in phase 
II. Therefore, the total economic impact was USD 915,315, 
and the investment cost was USD 192,000. Lastly, the in-
tegrated BIM ROI of the case project was calculated to be 
approximately 476.72% (= USD 915,315/USD 192,000).

Table 6. Results of rework cost estimation (in USD)

Work type

Rework cost 

The initial cost of construction The cost of demolition
TotalMaterial 

cost Labor cost Overhead 
cost Total Material 

cost Labor cost Overhead 
cost Total

Architecture 63,774 37,272 669 101,715 64,579 45,356 2,574 112,509 214,225 
Structure 15,837 7,132 – 22,969 4,693 3,239 192 8,123 31,093 
Between architecture
and structure

83,586 69,288 249 153,123 66,247 63,829 7,045 137,122 290,245 

Other works 17,670 9,211 991 27,872 4,578 7,138 1,826 13,542 41,414 
Total 180,868 122,903 1,910 305,680 140,097 119,562 11,637 271,297 576,977 

Table 7. Results of economic impact of preventing rework (in USD)

Work type Rework
cost 

Economic impact of preventing rework (applying cr value)

0% 25% 50% 75% 100% Total
Architecture 214,225 – 7,749 52,152 57,335 2,174 119,410
Structure 31,093 – 1,571 367 18,056 19,994
Between architecture and structure 290,245 – 12,267 78,259 41,517 29,301 161,344
Other works 41,414 – – 19,236 2,206 – 21,443
Total 576,977 – 21,587 150,014 119,114 31,475 322,191

Table 8. Total economic impact (in USD)

Category Weighting value Economic impact

Preventing rework 0.352 322,191

Schedule compliance 0.318 291,070

Improving work 
efficiency 0.147 134,551

Safety improvement 0.055 50,342

Quality 
improvement 0.093 85,124

Strengthened BIM 
capability 0.035 32,036

Total 1 915,315
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4. Discussion

To evaluate the applicability and reliability of the proposed 
framework, a questionnaire survey was distributed to con-
struction engineers (four BIM managers, three engineers, 
and two decision-makers of BIM adoption) in a case 
study. The participants were asked to grade the applica-
bility and reliability of the methodology and process on a 
5-point Likert scale: “1 = Highly Ineffective, 2 = Useless, 
3 = Moderately Useful, 4 = Highly Useful, and 5 = Highly 
Effective”. The results of the questionnaire indicated an in-
formative value in evaluating the BIM ROI by scoring an 
average of 4.7 points (the reliability scores had an average 
of 4.5 points, and the applicability scores had an average 
of 4.9 points). These results show that the framework that 
includes the methodology proposed in this study can be 
employed as a practical means to evaluate BIM perfor-
mance. As a result, it was confirmed that the proposed 
methodology and calculation results were more definitive 
and provided practical answers from the perspective of 
the decision-makers. In addition, these results show that 
the framework that includes the methodology proposed in 
this study can be employed as a practical means to evalu-
ate BIM performance. In general, at the end of a project 
to which BIM is applied, the question “What are the total 
benefits of BIM?” is asked. In previous studies, however, 
there were only tangible effects or integrated effects pre-
sented without any intangible effects being presented. The 
framework in this study may be useful for providing an 
answer to the total benefits of BIM.

In this study, the results of a proportional expression 
were based on the preventing rework effect, but if other 
quantitative effect measurements are proposed, it is pos-
sible to modify the framework. As a result of discussions 
with the experts involved in the case study, limitations of 
the framework were the relatively simplistic method that 
did not consider the association of the defined effects 
where time and cost overlap in each effect. There is also 
a limit that does not consider the issues of MEP. Thus, it 
is necessary to consider more varied BIM effects and to 
compensate for the calculation method. Furthermore, fur-
ther research is needed to propose an integrated perfor-
mance measurement methodology capable of suggesting a 
comprehensive set of BIM application effects.

Conclusions

The application of BIM has various positive effects in the 
construction industry and is continuously expanding. 
However, a reliable and comprehensive effects analysis of 
BIM application has not yet been conducted. Therefore, 
this study proposed an analysis method of the BIM effect 
and framework, and its suitability was reviewed through 
a case study. The expert’s verification results revealed that 
the effect cost calculations and detailed contents were suc-
cessful in securing a level of conformity that could be ac-
cepted by contractors. In the future, further research is to 
be conducted to derive an integrated performance meas-

urement methodology capable of presenting a compre-
hensive BIM application effect in the construction phase. 
In addition, the reliability of the results will be reinforced 
through continuous case studies, as only one project was 
used as a case study here and only a limited number of 
participants assisted with the survey. The results of this 
study can be used as a foundation that could assist further 
studies on BIM effect analysis.
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