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This study investigates the applicability of a success level assessment model for building information modeling
(BIM) projects (SLAM BIM). SLAM BIM is a goal-driven method for the sustainable evaluation of a BIM project's
success. It was developed on the premise that a project's success cannot be evaluated without first identifying its
goals; thus, key performance indicators (KPIs) can vary according to project goal. SLAM BIM consists of five steps
for defining BIM goals, uses, KPIs, unit measurements, and data collection forms and processes. To identify appro-
priate BIM KPIs, the collectability, measurability, and comparability of the candidate BIM KPIs were considered.
Data related to schedule, design errors, change orders, response time, and ROI were collected and analyzed in
the two projects by using the SLAM BIM process. The validity of SLAM BIM was tested by applying SLAM BIM
from the beginning to the end of two construction projects.
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1. Introduction

Building information modeling (BIM) implementation is spreading
rapidly worldwide and becoming a conventional design and construc-
tion practice in many advanced countries [1]. With the increasing
acceptance of BIM to improve traditional drawing-based practices, the
industry interest has shifted from how to adopt BIM to how to success-
fully implement BIM in projects.

Previous studies for evaluating BIM projects can be categorized into
two parts: (1) methodologies for evaluating the technological or organi-
zational maturity of a BIM project team and (2) case studies evaluating
the benefits of BIM projects. Examples of the first category are
bimSCORE [2], the BIM Proficiency Matrix [3], BIM Interactive Capability
Maturity Model (I-CMM) [4], BIM Maturity Measure (BIMmm) [5,6],
BIM QuickScan [7], BIm® [8], and macro-BIM adoption assessment
model [9]. These studies evaluated the maturity levels of BIM projects
without carefully considering whether or not the projects were success-
ful. Although a BIM project with a higher maturity level has a higher
likelihood of being accomplished successfully, these methods do not
evaluate BIM project success directly. In addition, since these methods
are based on lengthy surveys and interviews with project participants
after project completion, it is difficult to collect information that
accurately reflects all the stages of a project.
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The second category measured the BIM benefits of projects through
case studies, which contain comparative analyses of BIM vs. non-BIM
projects by Giel et al. [10] and Barlish et al. [11] and return-on-
investment (ROI) analyses by Autodesk [12], Sacks et al. [13,14], Lee
et al. [15], and others [16-18]; however, these studies did not provide
appropriate metrics to measure the success or maturity levels of the
BIM projects under review. For example, the number of requests for
information (RFIs), which is commonly used to measure quantitative
BIM effects, cannot be applied in certain cultures, such as South Korea,
where it is atypical to formally track RFIs except in special cases.

This study investigates the applicability of a method for evaluating
the success of BIM projects called the Success Level Assessment Model
for BIM Projects (SLAM BIM). SLAM BIM provides tools to evaluate if a
BIM project is successful and to sustainably measure the success of a
BIM project. The sustainability of SLAM BIM in this paper means the
continuous measurement of the success of multiple BIM projects using
the same set of evaluation criteria as well as a collection of evaluation
criteria with minimal additional work needed by project participants
[19]. To measure the success of a project, the goals should be defined
first because the goals are not fixed but vary according to the project
characteristics [20,21]. Although existing business management tech-
niques, such as management by objectives (MBO) [20] and the balanced
scorecard (BSC) [21], are goal-driven approaches to project success
measurement, they do not consider BIM as a factor when determining
and measuring key performance indicators (KPIs). SLAM BIM, which is
a goal-driven method, was applied to two projects in South Korea to
verify its applicability and identify issues related to the measurement
of the success of BIM projects.
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In the second section of this paper, we briefly review previous stud-
ies on the performance measurement of BIM projects. Then, in the third
and fourth sections, we introduce the SLAM BIM process and describe
how it can be used and exemplified by two case studies. In the fifth sec-
tion, we explain the results of the two case studies. Finally, we discuss
the lessons learned from this study and present directions for overcom-
ing the noted problems.

2. Literature review

Previous studies evaluating BIM projects can be summarized into
two categories: (1) models or methods that evaluate the technological
and/or organizational maturity of BIM project teams and quantitatively
measure the benefits of BIM projects, and (2) case studies that demon-
strate how certain benefits from BIM projects can be measured.

Examples of the evaluation methods, which are referred as a BIM
capability evaluation model, a BIM capability maturity model, a BIM
maturity model, and a BIM performance evaluation model, include
bimSCORE [2], BPM [3], and BIM [-CMM [4] in the U.S., BIM QuickScan
[7] and BIM Successvoorspellers [22] in the Netherlands, BIMmm [5,6]
in the UK, and the BIm? and macro-BIM adoption assessment model
[9] in Australia. These methods help participants improve performance
by evaluating the maturity and strength of BIM business practices [23,
24]. The methods have different goals, evaluation methods, structures,
strengths, and weaknesses [7,25-27].

bimSCORE [2] and the virtual design and construction (VDC)
scorecard [28] were developed based on BSC to evaluate the success
and maturity of a BIM project based on its planning, adoption, technol-
ogy, and performance. VDC Scorecard comprises two models based on
the number of measures and depth of measurements, which are VDC
Scorecard Express (22 measures) and VDC Scorecard Full (56
measures). bimSCORE is a commercial version of VDC scorecards devel-
oped by Stanford University. bimSCORE provides a service to compare
the evaluation results with the results of similar BIM projects, and it
proposes improvements using data from the database.

BPM |[3] reviews the eight categories for BIM maturity assessment
after completing each BIM project as follows: the physical accuracy of
a model, integrated project delivery methodology, calculation mentali-
ty, location awareness, content creation, construction data, as-built
modeling, and facility management (FM) data richness. The maximum
BIM maturity score is 32 points. Certification levels regarding BIM
maturity are classified into five groups according to the BIM maturity
score: working toward BIM (0-12 points), certified (13-18), silver
(19-24), gold (25-28), and platinum (29-32).

To assess the maturity level of BIM, BIM [-CMM [29] was developed
by the Faculty Information Council (FIC) at the National Institute of
Building Science (NIBS) in the U.S. in 2007 [29]. This model, which is
based on a concept of the Capability Maturity Model (CMM) in software
engineering, analyzes data richness, lifecycle views, roles or disciplines,
business processes, delivery methods, timeliness/response, change
management, graphical information, spatial capability, information
accuracy, and interoperability/IFC support. The certification levels of
BIM capability maturity within an organization are classified into six
groups: not certified (0-39.9 points), minimum BIM (40-49.9), certified
(50-69.9), silver (70-79.9), gold (80-89.9), and platinum (90-100).

Arup [5,6], which is one of the largest construction engineering com-
panies in the world, proposes BIMmm to evaluate structural, mechani-
cal, electrical, and public health aspects of BIM. The four aspects are
composed of 21 secondary disciplines, such as lighting, fire, and facade.
It additionally provides instruction on how to use collected data to
identify gaps in strategies in the current status of a BIM project and
make future investment decisions within an organization, including
research, training, and software. Furthermore, the results can be used
to benchmark the BIM performance of a project against that of others.

BIM QuickScan [30] evaluates the BIM competence of an organiza-
tion and the scope of BIM implementation in other organizations. BIM

QuickScan contains four evaluation categories and 10 perspectives to
assess BIM performance: organization and management, mentality
and culture, information structure and flow, and tools and application.
The ten perspectives are tools, strategy, organization, resources,
partners, mentality, culture, education, information flow, and open
standards. BIM QuickScan provides measured scores of an organization
or a project as well as the highest score of other organizations or pro-
jects in terms of each category on the website.

BIm?, proposed by Succar et al. [31], evaluates five perspectives of
BIM projects, such as the BIM capability stage, BIM maturity level, BIM
competencies, organizational scale, and granularity levels. It is a tri-
axial knowledge model comprising BIM fields, BIM stages, and BIM
lenses. The user then evaluates the BIM maturity level of a project or
an organization and compares it with the maturity level at the targeted
capability stage. Each evaluation criterion is evaluated at five levels, ‘A’
through ‘E,” according to subjective judgments of an evaluator working
without objective evaluation criteria. These methods evaluate BIM ma-
turity levels effectively; however, they do not address the success of BIM
projects quantitatively. Based on BIm?, Succar et al. [9] improved the
methodology for macro-BIM adoption assessment and planning by in-
troducing five new adoption models, matrices, and charts. The five
models introduced are composed of (1) nine areas for targeted BIM dif-
fusion assessment and planning, (2) eight macro-components and mile-
stones for assessing and comparing the BIM maturity of countries,
(3) three macro-dynamics that clarify how diffusion unfolds within a
market, (4) three approaches and nine actions for assessing, comparing,
and planning adoption policies across markets, and (5) nine groups of
macro-diffusion responsibilities or roles.

Although a BIM project with higher maturity may yield more bene-
fits, these methods do not directly address how successful or beneficial a
BIM project is. In addition, they rely heavily on lengthy surveys and in-
terviews with project participants after a project, which may greatly re-
duce their sustainability. In particular, bimSCORE and BIM QuickScan
include more than 50 evaluation factors. To improve evaluation
methods, data that can be collected naturally during work processes
should be used for evaluation. Furthermore, the methods do not explain
the relationship between the purposes of BIM implementation and the
performance of a project, since they utilize consistent evaluation factors
regardless of the characteristics or BIM goals of the project.

The performance of BIM projects was measured using a VDC Score-
card and BIM QuickScan, but was not measured by the other three
models. However, measuring project performance is important because
the purpose of adopting BIM is to improve project performance. Setting
appropriate BIM goals through considering project characteristics is the
first step toward developing BIM execution planning and important for
carrying out BIM projects successfully [19,32,33]. Required BIM capabil-
ity or expected BIM performance can vary depending on the established
BIM goals [19,34]. However, most BIM evaluation models evaluate BIM
implementation levels without considering BIM goals. Although a VDC
scorecard only contains the objectives of BIM implementation as an
evaluation factor, it does not provide different sets of criteria and
methods that vary according to BIM goals.

Another stream of related studies is generally referred to as BIM ROI
studies, most of which were conducted as case studies. Table 1 lists the
major BIM ROI studies. Some studies have attempted to measure BIM

Table 1
Previous studies on BIM ROI analysis.

Study

Giel et al. [10,37]
Gilligan and Kunz [36]
Holder Construction [38]
Lee et al. [15]

Azhar et al. [35]

PCL Construction [38]
Sen [39]

Analyzed BIM ROI

16%-1654%
140%-39,900%
300%-500%
22%-97%
229%-32,900%
500% ROI
735% ROI
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ROI by statistically analyzing multiple projects [35,36], comparing sev-
eral sets of similar projects [10,37], or using a well-defined ROI equation
[12,15]; however, most studies have been conducted as a single case
study [38,39] focusing on the best practice case, rather than as an aca-
demic paper. Furthermore, the case studies report only the final ROI
value and often do not report how the ROI was calculated. This is mainly
due to the additional work required for project engineers to collect the
data required for ROI analysis. Another reason is that BIM is most bene-
ficial in reducing errors through early design review and coordination
[38,40-46], but it is difficult to convert the prevented errors (events
that did not occur) into a monetary value. For this reason, some surveys,
such as SmartMarket Report series [38,40-46], more frequently use per-
ceived ROI as an index than actual ROL

Some studies have proposed a formalized method for measuring the
benefits of BIM or various information technologies [13,47,48]. Barak
and Sacks [13] measured the improved productivity in structural engi-
neering practices by comparing productivity for projects that used a
BIM model with those that used 2D drawings. Barlish and Sullivan
[11] developed a methodology to analyze the benefits of BIM, including
RFIs, change orders, and project durations, according to the investment
metrics of design and construction costs. They applied their methodolo-
gy to both a BIM project and a non-BIM project for purposes of compar-
ison. Love et al. [48] proposed an evaluation framework that considered
the tangible cost effects, as well as the intangible benefits and indirect
costs.

The success of any project depends on its predefined goals because a
successful project is defined as a project that achieves its goals [19],
regardless of whether it is a BIM project or not. This definition is similar
to those of BSC [21] and MBO [20]. Therefore, the first step in evaluating
the success of a project is to identify the project goals, and then a set of
KPIs should be identified depending on the predefined goals. Although
the high-level guidelines provided by these techniques can be applied
to most projects, details on the inclusion of BIM in assessments have
not yet been specified. SLAM BIM is a goal-driven method to sustainably
evaluate the success of a BIM project. It focuses on the premise that a
project's success cannot be evaluated without first identifying its
goals; thus, KPIs vary according to the project goals. The following
section describes the SLAM BIM method in detail.

3. Success level assessment model for BIM projects (SLAM BIM)

SLAM BIM involves five steps: determining the BIM goals, determin-
ing the BIM uses, identifying the BIM KPIs, developing the unit measure-
ment, and developing the collection forms (Fig. 1). The details for each
step are as follows.

1) BIM goal - Since success refers to whether a goal has been accom-
plished or not, we can measure success when goals are clearly
defined. Therefore, the first step in evaluating the success of a BIM
project is to define the goals for the specific project. Many BIM
guidelines have indicated that it is also important to share these
goals among project participants [49].

BIM Goal BIM Use BIM KPI

2) BIM use - A BIM use, which is also called a BIM service and function,
is a unique task or procedure in a project where BIM is utilized to
support the project's planning, design, construction, and operational
processes [49]. The second step is to determine appropriate BIM uses
by considering the goals defined in the first step because BIM uses
can help achieve the predefined goals. Depending on the project par-
ticipants and project characteristics, some BIM uses are required for
every project while others are only suggested or optional [49]. To
achieve a goal, more than one BIM use can be employed.

goal(x) — {y|bimUse(y)}

Pennsylvania State University [49] and New York City [50] identified
25 BIM uses, which we used as a basic pool to determine a set of BIM
uses; however, the list of BIM uses may be extended by BIM execution
planners according to the characteristics of BIM projects.

3) BIM KPI - KPIs measure how close a company is to its strategic
objectives [51-53]. To identify the appropriate performance indica-
tors (PIs) for assessing the success of a project, two steps are
required. A set of PIs may vary according to the BIM goals and uses
determined in the previous two steps. Therefore, an ideal set of Pls
should be capable of determining whether or not the goals have
been achieved and of measuring the effects derived when specific
BIM uses are implemented. Since the BIM goals and uses in a BIM
project should be considered simultaneously, the candidate PIs for
the project are the common PlIs that exist in both PI sets, as shown
in Fig. 2.

goal(x) — {r|pi(r)}
bimUse(y)—{s|pi(s)}
{t|candidate_pi(x)} = {r|pi(r) }N{s|pi(s)}.

Nevertheless, since a list of KPIs can be changed according to
project's characteristics, the candidate PIs should subsequently be
reviewed to ascertain whether SLAM BIM includes quantitative and
sustainable KPIs to measure the BIM performance of the project. There-
fore, SLAM BIM determines a set of final KPIs by taking into account the
measurability, collectability, and comparability of each PI identified in
the first filtering process via a series of surveys with project participants
[19]. The final KPIs include the PIs that received high scores for these
three properties:

a) Measurability: Each KPI should be measurable using quantitative
evaluation criteria.

b) Collectability: While the project participants conduct their daily
work, they should be able to collect data to measure each KPI with
minimal additional data input. Low collectability of KPIs can become
burdensome to project participants and unsustainable over the term
of the evaluation period.

Unit Collection

Measurement Form Lalen

Determine Determine
BIM goals BIM uses

Determine ggie Develop Collect the
Identify unit i :
BIM KPIs collection unit
: . measurements 3
(intersection) forms measurements

Identify BIM
KPIs mapped
with the goals

Identity BIM
KPIs mapped
with the uses

Check the
BIM KPIs

Fig. 1. The SLAM BIM process.
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PIs for — PIs for
monitoring || T | monitoring
BIM goals BIM uses
Candidate PIs

Fig. 2. Candidate PIs used to monitor the status of both BIM goals and uses.

¢) Comparability: This refers to whether project participants can obtain
a relative position of performance through comparison with a set of
accumulated data of benchmarked cases or their non-BIM projects
using a specific evaluation criterion.

4) Unit measurement - To measure the identified KPIs, it is necessary
to specify the unit measurements. Some KPIs, like the number of
change orders and the happiness level of the project participants,
can be measured with a single unit measurement; however, most
KPIs require more than one piece of information to measure them.
For example, the date of the issue report and resolution may com-
prise a set of unit measurements for calculating the response time,
and the actual and planned costs and schedules may be included in
the unit measurement for cost overruns and schedule delays,
respectively.

5]
R

Collection form - Developing processes and forms for collecting unit
measurements from construction sites is the final step in SLAM BIM.
The data collection processes for each identified unit measurement
should be non-invasive and integrated into existing work processes
so as to reduce both additional workloads and the time project
participants spend collecting data [19]. In addition, data collection
forms should support the predefined data collection processes. For
example, software applications can automate and support the report
generation process. buildingSMART International has also formal-
ized and standardized data collection processes and forms to sup-
port the coordination of component and space clashes and BIM
collaboration between project participants. This is called the BIM
collaboration format (BCF) [54]. Several BIM software programs,
such as Solibri Model Checker, Tekla BIMsight, and DDS CAD, have
implemented BCFs to support BIM collaboration processes. Conse-
quently, the seamless integration of SLAM BIM with daily BIM
work processes could facilitate the concept of BCF.

4. Case studies
4.1. Identification of BIM goals and uses

We applied SLAM BIM to two BIM projects in South Korea with
different project characteristics and goals. BIM was implemented in
the preconstruction and construction phases in both projects. The con-
struction duration for the first and second projects was 10 and
11 months, respectively, and both projects were on a tight schedule.

The first case was a parking garage project whose main frame was
made of precast concrete (Table 2). The BIM goals of this project were
to improve communication, work efficiency, and technological capabil-
ity, as well as to foster personnel with advanced BIM capabilities.

37
Table 2
General information and BIM goals and uses of the two cases.
Case 1 Case 2
Project type Parking garage Sports complex
(a baseball stadium and
clubhouse)
Gross area 68,264 m? 9995 m?
Number of floors 4 4
Construction 10 months 11 months

duration
Defined BIM goals

Selected BIM uses

(July 2013-April 2014)
Improved communication
Improved work efficiency
Improved technological
capability

Advanced BIM capability
BIM personnel training

Design authoring
Design review

3D design coordination
Phase planning

(June 2013-April 2014)

Improved communication
Improved constructability
Reduced errors

Design authoring

Design review

3D design coordination
Phase planning

Quantity take-off
Construction system design

Quantity take-off

Mechanical, electrical, and plumbing (MEP), architectural, and structur-
al models had been developed by different project participants and
were thus integrated to detect and coordinate clashes between the
models. Design authoring, design review, 3D design coordination,
phase planning, quantity take-off, and construction system design
were identified as a set of appropriate BIM uses in the first project to
achieve the defined BIM goals.

The second case is a sports complex project, including a baseball
stadium and clubhouse (Table 2). The gross area of the second case
was six times smaller than that of the first case. Three BIM goals were
identified in the second project: improved communication, improved
constructability, and a reduced number of errors. The common BIM
goals in both the projects were to improve communication between
project participants. Design authoring, design review, 3D design coordi-
nation, phase planning, and quantity take-off were employed as
methods to achieve the three goals (Fig. 3). Although the different sets
of BIM goals were defined in the first and second cases, the lists of
BIM uses in both the projects were similar.

4.2. Identification of KPIs and unit measurements

Approximately 10 candidate PIs for both the projects were selected
by considering the identified BIM goals and uses. A survey was subse-
quently conducted with the project participants to identify the final

KPIs of the two projects by taking into account the measurability,
collectability, and comparability of the candidate PIs. Six and five

Design Authoring

Reduced errors

>
Improved /
constructability V[ v

Better
communication

Design rev

3D design
coordination

anning

Quantity take-off

Fig. 3. An example of the relationships between BIM goals and uses (case 2).
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respondents participated in the survey in the first and second projects,
respectively. They comprised practitioners on the construction sites
(five and two in the first and second projects, respectively) and at the
headquarters (one and three in the first and second projects, respective-
ly). Table 3 shows a list of the final candidate KPIs of the two projects
and the agreement of core project team members on the collectability
and measurability of each KPI in percentage terms. The number of
candidate KPIs that were identified in both the projects was eight.
Although most indicators could be comparable with data already
collected, two indicators were not comparable with the data already
collected since both projects were pilot BIM projects: actual cost-
planned cost)/(additional cost for BIM implementation) and the num-
ber of risk factors detected using BIM. However, the indicators can be
compared to data from other projects after data collection.

Fig. 4 shows lists of the unit measurements that were identified via
interviews with the project participants in the two projects. Each KPI
could be deconstructed into more than one unit measurement. Both of
the projects identified 13 unit measurements to analyze the identified
KPIs. The unit measurements collected from the first project with min-
imal additional input were similar to those of the second project despite
differences between the project types and sizes, BIM goals and uses, par-
ticipants, and so on.

4.3. Development of data collection forms and processes

In cases 1 and 2, nine and eight data collection forms to analyze the
current work processes and measure the selected unit measurements
were developed, respectively. Case 1 contained schedule reports,
change orders, BIM issue and response reports, cost reports, site error
or rework reports, safety reports, participant surveys, and the rate of ini-
tial inspections passed, while case 2 excluded the rate of initial inspec-
tions passed from the set of data collection forms. Existing forms, such
as the BIM issue and response reports (Fig. 5), could be reused with
minor revisions.

5. Application results

BIM performances of the two projects were measured using the
identified candidate BIM KPIs (Table 4), the unit measurement, and
data collection forms and processes. However, several candidate BIM
KPIs were not utilized in the two projects due to difficulties of data col-
lection. KPIs data that were planned but not collected in either project

were rework- and defect-related data and were relevant to problems
during or after construction. Candidate KPIs, which were not collected
in case 1, included the number of change orders, the number of reworks,
schedule conformance of major activities, and rate of passed initial in-
spections. For case 2, they were the number of reworks, rate passed ini-
tial inspections, cost and schedule conformance for major activities,
percentage of activities completed without schedule delays, and total
cost and schedule conformance. A comparison between the planned
and actual costs and schedules was not meaningful in the second pro-
ject, as the client significantly changed the original design and materials.
Change order issues will be discussed in the next section. Consequently,
the performance measured in the two projects was schedule confor-
mance, design errors detected by BIM, change orders, response times
of BIM issues, and partial BIM ROI. Most of the KPIs identified by SLAM
BIM were collected and analyzed using the proposed data collection
forms and processes. However, several KPIs related to problems during
or after construction, e.g., reworks and inspect results, were not ana-
lyzed. Consequently, some BIM effects analyzed in the two projects
were not compared with those of past or current projects using a tradi-
tional method due to unstructured BIM processes and/or a lack of re-
quired support.

5.1. Schedule

A schedule-related KPI was applied to the first project only. Case 1
was completed on time, according to the planned schedule of nine
months, in spite of BIM implementation. However, unexpected prob-
lems were detected during construction in Case 1. Therefore, impacts
on the schedule perceived by project participants of BIM implementa-
tion were explained in detail in the discussion section.

5.2. Design error

Design error data detected by BIM prior to construction was collect-
ed and analyzed for both projects. The various trends of design errors
were analyzed according to causes, work types, and likelihood of iden-
tifying the errors without BIM. The causes of the errors were categorized
into three types: illogical design, missing items, and discrepancies be-
tween drawings [15]. [llogical design involved clashes between building
elements. Figs. 6 and 7 show the monthly trends of design errors detect-
ed by BIM prior to beginning construction for cases 1 and 2, respectively.
Illogical design errors were the most common in both projects,

Table 3
List of candidate KPIs and agreement of project participants on collectability and measurability in cases 1 and 2.
Final candidate KPI Case 1 Case 2
Agreement Agreement
Result Collectability Measurability Result Collectability Measurability
* (Actual cost-planned cost)/(additional cost for BIM implementation) O 100% 100% O 100% 80%
» Amount of change measured as change order cost over total contract cost - - - O] 100% 100%
< Average response time to RFIs (or submittal approval) ® 100% 67% ® 80% 100%
 Cost conformance for major activities - - - ® 80% 100%
» Number of change orders in project ® 83% 100% ® 100% 100%
* Number of errors and omissions in field ® 100% 100% O] 100% 80%
* Number of reworks ® 100% 100% O] 80% 100%
« Number of RFIs ® 100% 100% - - -
» Number of risk factors detected using BIM ® 83% 100% O 80% 100%
< Percentage of activities completed without schedule delay - - - ® 100% 100%
« Rate of passed initial inspections ® 67% 100% - - -
« Schedule conformance of major activities ® 100% 83% O] 80% 100%
« Total cost conformance - - - O] 80% 1009%
« Total schedule conformance O] 100% 100% ® 100% 100%
» Number of candidate final KPIs (®) 9 10
* Number of candidate final KPIs (O) 1 2
« Total 10 12

© denotes KPIs that are comparable with data already collected.
(Odenotes KPIs that will be comparable after data collection.
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* Number of change orders in project
* Number of items passing inspection

*  Number of items passing initial inspection

LI I T TR B U T I I O )

Both]

Actual duration of major activities

Actual project duration

Additional working hours due to change orders
Investment cost for BIM adoption

Number of errors and omissions in field
Number of reworks

Number of RFls

Number of risk factors detected using BIM
Planned duration of major activities
Planned project cost

Planned project duration

Request date for RFls

Response date for RFIs

Actual cost of major activities

Actual project cost

Additional cost of change orders
Additional cost of reworks

Additional working hours due to reworks
Number of activities with schedule delays
Planned cost of major activities

Total number of activities

* e e 0 0 e 0

Fig. 4. Lists of the unit measurements required in cases 1 and 2.

compared to missing items and discrepancies. Based on these results,
we analyzed trends in the design errors that were resolved and needed
to be resolved, reporting our findings to the project participants in a reg-
ular BIM meeting (Fig. 8).

The work types in the two projects were architecture, structure, and
MEP. The order of groups categorized by work type differed between
the two cases, since the project characteristics were different. The like-
lihood of identifying each error without BIM was measured and utilized

PART 4

MEP

Description Date Reported 2014.01. 16,

Modeling Number 1F Serial Number MF-05

Location E~F, 2 Clash Type lliogical error
Clash 17} : 26, 28, 33, 41, 42, 44, 45, 46, 58 Navisworks Cl Phase 1:9

Number 23} :139, 41, 42, 51, 52, 54, 66 Number Total Phase 2:7

Severity Middle Status Closed

for calculation of impacts on project cost and ROL. The relationship be-
tween ROI and likelihood of identifying errors will be explained in a sub-
sequent section.

5.3. Change order

KPIs related to change orders were collected in case 2 only. The
analyzed KPIs were the number of change orders and amount of change
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Fig. 5. Examples of the BIM issue and response reports applied to case study projects.
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Table 4

Collected data in the two projects.
Collected data Case 1 Case 2
« (Actual cost-planned cost)/(additional cost for BIM (O O

implementation)

Amount of change measured as change order cost over

total contract cost

Average response time to RFIs (or submittal approval) O

Cost conformance for major activities

Number of change orders in project X

Number of errors and omissions in field O

Number of reworks X
O

(partially) (partially)

6x00,0 O

Number of RFIs

Number of risk factors detected using BIM
Percentage of activities completed without schedule X
delay

Rate of passed initial inspections X
Schedule conformance of major activities X
Total cost conformance

Total schedule conformance O
Total number of used KPIs

e e o o
D X X X

(Odenotes KPIs that were planned and collected.
X denotes KPIs that were planned but not collected.
@® denotes KPIs that were not planned but were collected.

measured as change order cost over total contract cost. In order to mea-
sure the BIM effects on change order issues, the data and results related
to change orders in a BIM project should be compared to those in tradi-
tional projects whose size, type, and characteristics are similar to those
of the BIM project. However, the contractor had not collected such data
from previous projects; therefore, the comparisons were not conducted.
Our collected data and results of the change orders are as follows.

Design changes in the second project were continued through the
fiftth month, with more than 80 change orders occurring during con-
struction. About 70% of the change orders were client requests or draw-
ing errors from a design firm differences between drawings and
documents and the construction site. Change orders caused schedule
delays and additional project costs.

The number of change orders and their impacts on project cost were
measured according to work type (architecture, structure, and MEP)
and causes. The number of change orders was not proportional to
their impacts on project cost. The number of change orders caused by
client request was the greatest; however, their impact on the overall
project cost was minimal. Impacts from drawing errors were the
greatest, with the amount of change measured as change order cost
caused by drawing errors over total contract cost were more than
three times greater than those caused by the client. Change orders asso-
ciated with civil and architecture aspects increased the project cost,
while change orders in the MEP area decreased the cost.
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Fig. 6. Monthly trends of the number of design errors by cause (case 1).
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Fig. 7. Monthly trends of the number of design errors by cause (case 2).

5.4. Response time

Response within the required time is important to prevent schedule
delays. There was a huge difference between the average response
times for cases 1 and 2 (Fig. 9). In case 1, 83% of the issues was
responded to within one week, while only 15% of the issues in case 2
garnered a response this quickly. Some issues in case 2 did not receive
a response for longer than 15 weeks because there were too many
change orders to keep up with. Unsurprisingly, the case 2 project
was delayed by three months. Therefore, the two case studies show
the potential for using response time as a KPI in order to predict project
delay.

5.5. BIM ROI

We also measured the partial BIM ROI of the two cases, which con-
centrated on specific areas regarded as BIM effects. A quantitative BIM
effect of case 1 was avoidance costs of reworks due to design errors.
For case 2, it was the avoidance cost and reduced time by BIM-based
quantity take-off. These factors were used as output data for calculating
the BIM ROI of each project. The avoidance cost of reworks due to design
errors referred to the costs saved by avoiding problems that could have
been caused by design errors detected by BIM implementation before
construction. Since some errors could be found without the BIM, the
avoidance cost was calculated by multiplying the likelihood of not
being able to identify design errors without the BIM and the indirect
rate of the project. Sensitivity analyses of the BIM ROI of the two projects
were conducted, in which we analyzed the changes in expected
additional costs due to schedule delays. The range of the analyzed BIM
ROI was —27% to 400%, although ROI analyses focused on partial
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Fig. 8. Weekly trends of the number of design errors resolved and to be resolved (case 1).
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Fig. 9. Response time for issues in the two cases.

quantitative BIM effects. The equation to calculate the BIM ROI was
based on that of Lee et al. [15]. Customized equations based on input
and output data defined in Table 5 were applied to the two projects
based on project characteristics.

6. Follow-up interviews and lessons learned

Follow-up interviews with practitioners who participated in the two
projects and documented accounts were conducted to provide insights
into individual perspectives and to gauge their experiences of the SLAM
BIM application. Although qualitative data from interviews and docu-
ment accounts did not contribute to quantitative analyses, it served as
contextual information [11]. The individuals were asked if BIM caused
positive or negative effects. The project participants agreed that SLAM
BIM provided opportunities to continuously check and monitor the
status of BIM implementation during the design and construction
phases instead of evaluating after completion by applying the SLAM
BIM process, including the data collection forms proposed in this
paper. In addition, the qualitative effects of each category of KPIs were
discussed to explore their positive applicability based on follow-up
interviews and documented accounts.

Project participants were encouraged to share their experiences and
comments during the interviews. From this, general obstacles that hin-
der practitioners and recommendation from receiving BIM benefits
were highlighted in terms of the application of SLAM BIM in evaluating
the success of a BIM project. The main lessons learned from the case
studies are discussed in the following paragraphs.

The obstacles hindering the successful application of BIM, evidenced
by this research, were inefficient design change processes and insuffi-
cient BIM training programs. Design should be coordinated early in a

project cycle in order to stop endless design changes during construc-
tion and to efficiently manage BIM models and processes. Regardless
of BIM implementation, endless design changes during construction in-
crease the chances that a project will fail due to difficulties of managing
project scheduling and risks. Rework caused by design changes have
been regarded as obstacles for efficient decision making and project suc-
cess [57-59] and have been reported to account for more than 10% of
the total project costs [57]. BIM models that have been fully discussed,
agreed upon, and coordinated before construction can significantly re-
duce the number of change orders and reworks caused by design errors
[33]. In addition, a process to compare the as-built status to a BIM model
should be defined for BIM management in the operation phase. Con-
structed areas might be different from the BIM models because of unex-
pected situations. In order to provide clients and users with an accurate
model and to utilize the BIM models for the operation and maintenance
phases, the differences between models and constructed areas should
be reduced. An on-site BIM training program should be custom-
designed for each practitioner according to role and should be a short-
term training program focusing on the BIM software functions that
can be immediately deployed by each practitioner. General BIM training
programs that do not account for trainee roles and work scopes might
prevent the trainees from learning and utilizing BIM. BIM functions
that are complicated and relatively irrelevant to an individual's tasks
may give trainees a negative perception of the process.

Second, historical data that can be compared to a new collection of
BIM KPI data should be collected consistently. The values of many
KPIs, such as response time, the number of reworks, and so on, are nec-
essary for comparison with those in projects that have not implemented
BIM in order to measure the quantitative effects. Although candidate
KPIs in each project were determined by considering the comparability
in the two projects, little of the data was comparable. This is not a BIM
project-specific problem. Many construction companies in South
Korea do not have a good database that contains accumulated projects
or organizational performance data, except for those related to funda-
mental KPIs, such as cost overruns and schedule delays. Moreover, re-
work is usually performed by subcontractors (specialty contractors),
whose performance data is more difficult to access and collect com-
pared to that of a general contractor. Because of the lack of comparable
data, an assessment of BIM projects that could be analyzed using a list of
SLAM BIM KPIs was limited to the KPIs that did not need to be compared
to those of previous projects using traditional methods. Accordingly,
performance management, including the identification, measurement,
and monitoring of appropriate indices should be conducted regardless
of BIM implementation in order to collect meaningful comparable
data. Furthermore, sustainable and continuous monitoring of the results
measured by SLAM BIM will help improve the success of future BIM
projects.

Table 5
Input and output data used in the BIM ROI analyses of the two projects.
Data type Data Required information Case1 Case?2
Input Software cost Additional software cost O O
Hardware cost Additional hardware cost O O
BIM modeling and consulting fee BIM modeling and consulting fee O O
BIM training cost BIM training cost O
Additional labor cost for BIM Monthly labor cost for BIM O O
Total number of BIM laborers
Total work months of BIM labor
Output Avoidance costs of rework due to design errors (direct and indirect cost)  Estimated direct cost potential of an error O O
Likelihood of not being able to identify the error without BIM
Total number of design errors
Ratio of indirect costs to direct costs
Expected additional cost due to schedule delay Weekly paid liquidated damages for delayed delivery O O
Delayed number of weeks
Reduced time and cost for quantity take-off Total expected time for quantity take-off using traditional methods O

Total time for quantity take-off using BIM
Monthly labor cost for quantify take-off
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Third, a mechanism to encourage the proactive participation of
practitioners should be studied in order to align the construction
management and BIM efforts. For this, we need a method for sharing
project goals and the current status of BIM projects, which are analyzed
through SLAM BIM KPIs, among project participants in real time. The
concept of a project dashboard [60], a project monitoring system for
providing intuitive information-delivery interfaces, is a good way of
sharing such project information. Other ways to encourage project
participants to utilize BIM and improve their performance associated
with BIM are the introduction of management by objectives (MBO)
and incentive programs. Shared goals and incentive programs are also
commonly mentioned success factors for BIM implementation [61,62].

Lastly, a project management information system (PMIS) should be
designed to support BIM processes and automate KPI data collection
processes. A PMIS generally serves as one of the most important tools
for clarifying and systemizing BIM execution plans, procedures, and
monitoring [61,63]. Data collection can be a byproduct of using a proper
PMIS. However, if a PMIS does not properly support construction and
BIM practices, data collection becomes additional and redundant
work. For example, in one of our cases, a new PMIS was developed to
store and manage BIM data, including BIM models, minutes, RFIs,
revision histories, and so forth. However, field engineers perceived the
new PMIS as a redundant data report system to email-based data
exchange and did not use the system regularly. This problem might be
solved if an improved PMIS that functions like an email editor was avail-
able, although this approach cannot solve situations in which a project
team persists in using oral- or paper-based work processes.

7. Conclusion

This study investigated the applicability of SLAM BIM, which is a
goal-driven method for sustainably evaluating project success. SLAM
BIM was established according to two main principles. The first princi-
ple is that the success of a BIM project can only be determined when
the BIM implementation goals of the project are clearly defined, and a
set of appropriate BIM KPIs can vary according to the BIM goals. The
second principle is that KPI data collection should be sustainable. This
means that the KPIs should be collectable through work processes
with minimal additional effort. KPIs are defined based on the relation-
ships between BIM goals, uses, and KPIs, and the development of pro-
cesses and forms for collecting KPI data during work processes with
minimal additional data collection processes is also included in SLAM
BIM. SLAM BIM enables the project participants to intuitively check
and manage the status of BIM implementation by increasing the possi-
bility of continuous project performance monitoring during project im-
plementation as well as comparing the evaluation results of various
types of projects, including past, current, and future projects. SLAM
BIM was applied to two BIM projects in South Korea. BIM goals and
uses that were utilized in the two projects were considered to identify
a list of candidate BIM KPIs. Collectability, measurability, and compara-
bility of the candidate BIM KPIs were also investigated by the project
participants of the two projects to extract the appropriate BIM KPIs for
the projects. Consequently, BIM KPIs commonly utilized in the two
projects were design errors detected by BIM, change orders, response
times of BIM issues, and partial BIM ROI, while schedule-related KPIs
were included in one project only. However, KPIs related to problems
during or after construction, such as reworks and inspect results, were
not analyzed in this paper. Effects of BIM implementation on design
errors, change orders, and response time were not compared with
those of past or current projects using a traditional method in additional
to BIM technology due to the lack of comparable data and project partic-
ipant motivation. The case studies also highlighted the importance of
sharing SLAM BIM KPIs and data collection methods in the early stages
of a project.

One of the limitations of this paper is the lack of comparable data
collected from past projects using traditional methods as well as BIM

because practitioners did not have the means to collect relevant data be-
fore accomplishing two pilot projects. With additional data collection
using the proposed data collection forms and processes, we can analyze
the quantitative impacts of SLAM BIM on BIM performance analysis in
the future. Another limitation is that these forms did not integrate
with a project management information system. The integrated system
will be developed in the future to minimize the efforts for collecting and
analyzing data and to monitor the status of BIM implementation in real
time. Such an integrated system would encourage users to make an ef-
fort to improve performance without causing additional or redundant
work. Furthermore, a project dashboard might be applied to monitor
previous and current statuses and to share the ultimate goals and subse-
quent steps for improvement.
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