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ABSTRACT

Time delays and cost overrun are still a
""scourge" in construction projects. The most
important factors that cause these two risks are
ineffective project planning and scheduling, and
inaccurate quantity taking off. Thus, it is most
appropriate to carry out mitigation since the
project planning period. With the fact of
increasing stadium construction in various
countries, with iconic and futuristic design, and
containing national pride, must be a serious
concern so that the risk of time delay & cost
overrun can be reduced. Because stadiums are
like that usually involve a complex structural
system, complicated installation technique with
strict network diagrams. The M-PERT & BIM
5D - Based Quantity Take Off method has the
potential to mitigate and minimize this risk. This
study, with the RII simulation, reveals the
critical success factor for applying the potential
of this method, especially in stadium structural
work. These factors can become a serious
concern for construction practitioners, especially
in Indonesia, who are and will build stadium
projects.

Keywords: Structure; Stadium; M-PERT; BIM
5D; RII

INTRODUCTION

The increasing number of sport
events in the world has encouraged various
countries to compete to build and develop
sports facilities, especially stadiums. The
high demands on stadium standards from
the relevant federations, coupled with the

stakes of national pride, have pushed the
country appointed to host the sporting event
to make various renovations to the existing
stadium, even to the extent of spending
large budgets for the construction of a new
stadium, more iconic and more futuristic.
This also happened in Indonesia, after
successfully organizing the 2018 Asian
Games and being appointed as the host of
the 2021 FIFA U-20 World Cup,
construction of stadium broke out in various
regions of Indonesia.

What should be noted in the
construction and renovation of the stadium
is that the characteristics of the stadium
building have a very high risk of causing
project failure, both in the form of time
delays and cost overruns. For example, the
construction of the 2008 Beijing Olympic
Games Bird's Nest Stadium recorded a 6-
month delay from schedule - approximately
12% -, which forced the retractable roof
from the original design to be removed. The
project also experienced cost increases from
1.6 - 2 billion RMB to 3.5 billion RMB
(Liang et al.,, 2011). Ineffective project
planning and scheduling was noted as the
most important factor causing project
delays, apart from inadequate contractor
experience (Gunduz et al., 2013). While the
main causes of cost overruns are inaccurate
material estimates, project complexity &
inaccurate quantity take-off (Bekker,2011).
Bekr (2015) also noted that “inaccurate
quantity taking off” & errors in the bill of
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guantities were a significant factor causing

uncontrollable costs.

Stadiums  with iconic  designs,
futuristic and containing national pride,
usually involve a complex structural system,
complicated installation technique with
strict network diagrams. Moreover, if the
stadium being built is an Olympic Stadium
type, then the structural work will be the
most decisive constrain. This is because
athletic track work cannot be done if the
work area is not free from heavy equipment
activities or construction support tools used
to carry out structural work and steel roof
truss work.

KPMG Sports Advisory (2013) in
"A Blueprint for Successful Stadium
Development" states that the construction of
the stadium structure is the core that gives
the general shape of the stadium. So that
apart from being a major job, structural
work is also a critical job. UEFA (2011) in
the "UEFA Guide to Quality Stadiums”
states that structural work is the largest cost
component in the construction of the
stadium, reaching 37.86%. Thus the cost
control of this work becomes a critical and
decisive point to avoid over-budgeting.

In order to respond to the
phenomenon of the problems above and to
answer them, the following method
approaches were initiated:

a. M-PERT method or Manual Program
Evaluation Review and Technique,
which is a renewable innovation from
the PERT method, is proven to provide
an accuracy of planning implementation
time of 99% (Ballesteros-Peérez, 2017)

b. BIM 5D - Based Quantity Take Off to
answer cost performance problems.
McGraw-Hill ~ Construction Research
and Analytic in Hardin & McCool
(2015) released that BIM has the
potential to reduce construction costs by
up to 43%.

Both methods have the potential to
minimize the risk of time delays and project
cost overruns. Thus it is interesting to prove.
The question, apart from how to optimize
the potential of the method in construction

projects, is what are the critical success
factors for optimizing the M-PERT & BIM
5D method. For this reason, before being
tested with case studies on selected projects,
this research was carried out, namely a
study of the factors that most influence the
optimization of M-PERT & BIM 5D to
minimize the risk of time delays and cost
overruns in buildings, especially structural
work on stadium projects. With the
identification of the key success factors, it
can be input for construction industry,
especially in Indonesia, in optimizing the
potential of M-PERT & BIM 5D, to
improve project performance and efficiency.

Identification and Categorization of Key
Success Factors for Optimizing M-PERT
& BIM 5D

From the results of the literature
study and justification from construction
experts, 42 sub-factors were identified and

defined which were categorized into 11

main factors in 3 variables, as follows:

e Duration analysis, identified as one of
the main factors of the M-PERT
variable, which consists of 5 sub factors:
combination & merger of project
activities, simplification of the activity
network, and ease of application
(duration estimation can be done
manually), high accuracy between
planned and actual construction projects
and the resulting output is accurate, but
not complicated to use as a control tool
(Ballesteros-Pérez, 2017) (Husin &
Ashadi, 2019)

e Activity & Network Definition, the main
factor for PERT variable, consists of 4
sub-factors: Defining Activities in Work
Breakdown Structure, activity network
estimation (logic relationship) and
making network diagrams (Prasetiowati,
2015), and distribution of activity
duration (Hajdu, 2013).

e Develop Scheduling, for the PERT
variable, consisting of 4 sub-factors: the
final target of project scheduling and
scheduling in specific activities so that
the project can be completed on time
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(Lu & S. M. AbouRizk, 2000), and work
that must be started earlier and work that
must be completed early (Hajdu, 2013).

e QS BIM (Quantity Surveying) which is
the main factor of the 5D BIM variable
group, consisting of 4 sub factors:
education and age QS BIM (Qiping
Shen & Guiwen Liu, 2014), operator
experience &  productivity  (The
Tavistock Institute, 2016), number of
QS team members (Leung & Kong,
2017) and operator/QS remuneration
(Hansae Kim, 2004).

e The BIM 5D QTO (Quantity Take Off)
process from the QS BIM variable,
broken down into 5 sub factors: 3D
modelling details (Chegu Badrinath &
Hsieh, 2019), Data Interoperability,
Subcontractor & Supplier pricing (Choi
et al., 2015), Quantity Take Off
(Elbeltagi et al., 2014), and Cost
database (Smith, 2014).

e The 6 main factors are further grouped
into Stadium Structure variables, namely
Project Complexity, DED Document,
Cost and Time, Elements of Structure,
Resource Management and External &
Internal Factors. Project complexity has
5 sub-factors including stadium type and
capacity (Lavy et al., 2005), Contract
Type: Design & Build or Construction
(Liang et al., 2011); (Hongchang &
Hongyu, 2012); (Yuan et al., 2010),
Unrealistic scope, schedule and budget
(Christ  Hendrickson, 2013), The
presence of a retractable roof (Liang et
al., 2011); (Luca et al., 2018); (Mans &
Rodenburg, 2001), and Iconic Design
(Lavy et al., 2005); (Yuan et al., 2010).

e DED (Detail Engineering Design)
document, which includes 3 sub-factors,
namely detailed drawings and clear
specifications (Kaming et al., 2010) ;
(Akhund et al., 2017), Completeness of
Bill of Quantity (Woo & Bui, 2007), and
Work Schedule (Ugw Kumarswarmy,
2015)

e Cost and Time, including 4 sub-factors,
namely Design Changes (Kaming et al.,
2010); (Akhund et al., 2017),

Complicated installation techniques and
strict Network Diagrams (Cole &
Hulme, 2011), and Planned time for
construction work (Bhangale, 2016)

e Structural Elements, consisting of 4 sub-
factors: Structural Design Complexity
(Lavy et al., 2005); (Bosela & Delatte,
2011), Diversity of types and sizes of
structural elements (foundations, beams,
columns) (Nie et al., 2018), Types of
Formwork / Temporary Work used
(Mehdizadeh et al., 2013) ; (Boyle et al.,
2009), and Suitability of structural
design to standards &  codes
(Mehdizadeh et al., 2013).

e Resource Management, consisting of 4
sub-factors: Delays due to shortages and
material delays (Bhangale, 2016),
Control of resources (Kaotsikouri et

al.,2008), Selection of competent
subcontractors and Productivity of
Project Resources (manpower,

equipment) (Kaming et al.,, 2010) ;
(Akhund et al., 2017).

e External & Internal Factors, which
include 4 sub-factors namely
Accessibility to location (Amran et al,
2019), Technology Use (Chan et al,
2004);  (Zhiliang et al., 2004),
Teamwork (Abdullah et al., 2015),
Management ~ Communication  and
Support; (Mallawaarachchi et al, 2015)
and Culture of Collaboration between
team members (Chen & Chen, 2007).

METHODS

This research was formulated using
a qualitative method with a simulation tool,
namely the RII (Relative Importance Index)
analysis based on the research instrument,
namely a questionnaire, which we
distributed to selected respondents. An
interview questionnaire was developed to
assess the perceptions of practitioners of the
Indonesian construction industry, with
qualifications of Project Manager, Project
Engineering Manager, Site Manager,
Scheduler, QS, Cost Control, Supervisor,
and preferably those who have worked on
stadium projects, about the important factors
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that determine the success of optimizing the
M-PERT & BIM 5D methods.

The results of the questionnaire were
processed and analyzed by the RII method
until the ranking of the factors that most
influence the success of optimizing the M-
PERT & BIM 5D method to minimize the
risk of time delays and cost overruns in
stadium structure work. The RII value has a
range from 0 to 1 (the value 0 is not
included). The highest RII score will be the
most influential factor in the study. RII is
then ranked for each sub factor. The
calculation of the average RII value is used
as the RIlI value for each main factor
contained in the sub factor. The result is a
ranking of sub-factors, main factors and
variables (Glindiz et al., 2013).

RESULT AND DISCUSSION

The value data in the tabulation of
the questionnaire results is processed by the
RII analysis, using equation (1)

Project
Complexity
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B
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S » A > >
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ments
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> 4\ >

RII (sub factor) = 2%

(AxN)

RIl= Relative Importance Index
W= weighting given to each factor by the
respondents (ranging from 1 to 6)
A= The highest weight (in this study 6)
N= Total respondents
RII Main factor = mean RII sub-factor value
RII Variable = mean RII main factor value

The influence relationship between
the main factors and the purpose of this
research analysis is illustrated in Figure 1, in
the form of a fishbone diagram or known as
the Ishikawa Diagram. On the fish head is
the purpose of the analysis of this study,
namely minimizing the risk of time delays
and over budget, which in the end is able to
improve time and cost performance, with a
framework component that contains the
main factor as a determinant in achieving
these goals.
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Figure 1. Main Factor & Sub Factor Category of Successful Optimization of M-PERT & BIM 5D

Results of the Study of Key Success
Factors with RII

From the simulation of factor ratings
with RII shown in Table 1, it was found that
10 most determine the success of the
optimization of M-PERT & BIM 5D to help
the development of time and budget delays
in buildings, especially structural work on
stadium projects (Table 2), as well as factors
- factors whose influence is at the lowest

level (Table 3). The configuration of the

influence on each of the main factors is

described as follows.

a. Duration Analysis (RIl = 0,952)
Has the highest RI1I value, thus Duration
Analysis is the most influential main
factor that determines the success of
optimizing M-PERT & BIM 5D in this
study. In this main factor, the most
influential sub-factors sequentially are
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the simplification of the activity network
(R11 = 0.984); combination & merger of
project activities (RI1l = 0.980); and high
accuracy between planned and actual
construction projects (RI1 = 0.976).

b. Activity & Network Definition (RIl =
0,927)
With the RII value, this main factor
ranks as the third most influential main
factor in this study. Sequentially, the
most influential sub-factors in this group
are the Defining Activities in Work

Breakdown Structure (RIl = 0.940);
activity network estimation (logic
relationship) (RIl = 0.940); and Making
of Network Diagrams (RI1 = 0.937).
Develop Scheduling (RI1 = 0,929)

In this main factor, the most influential
sub factor is the final target of project
scheduling (RI = 0.897); and
Scheduling in special activities so that
the project can be completed on time
(Rl = 0.861).

Table 1. RIl Analysis Results for Ranking the Most Influential Factors from the Successful Optimization of M-PERT & BIM 5D

Main Code Sub Factors Score Recapitulation RII Rangking
Factor 1(2 (3|4 5 6
Duration X1 Combination & merger of project activities - l- - - 5 [37]0980 | 3
analysis X2 Simplification of the activity network - - 1- - 4 380984 |2
X3 Ease of application (duration estimation can be done manually) - l- - 1- 24 | 18 | 0,905 | 22
X4 High accuracy between planned and actual construction projects R ERE 6 36 | 0,976 | 4
X5 Resulting output is accurate, but not complicated to use as a control | - | - | - | - 21 |1 21| 0917 | 19

tool

Activity & | X6

Defining Activities in Work Breakdown Structure

o R e 15 | 27 1 0,940 | 13

Network X7

Activity network estimation (logic relationship)

- - 1-]- 16 | 26 | 0,937 | 14

Definition X8 Distribution of activity duration

- - 1-]- 25 17 ] 0,901 | 23

X9 Making network diagrams

- -1 18 | 24 10,929 | 16

Develop X10 Final target of project scheduling - l- - - 26 | 16 | 0,897 | 24
Scheduling X11 Scheduling in specific activities so that the project can be completed | - | - | - | - 35 |7 0,861 | 32
on time
X12 Work that must be started earlier -|-1-15 37 | - 0,813 | 39
X13 Work that must be completed early - |-]1-16 136]- 0,810 | 40
QS BIM X14 Education and age QS BIM - |- 3|12 |27 | - 0,762 | 44
X15 Operator experience & productivity - - 1- - 30 [12] 0,881 | 28
X16 Number of QS team members - |- |- 11329 - 0,782 | 43
X17 Operator/QS remuneration - - 1-1- 3715 0,853 | 33

BIM 5D - | X18 3D modeling details

-l 8 [34)10968 |6

QTO X19 Data Interoperability - - 1- - 31|11 ) 0877 | 29
Process X20 Quantity Take Off - -] - 9 33| 0964 | 7
X21 Cost database - l- - ]- 29 | 13 ] 0,885 | 27
X22 Subcontractor & Supplier pricing - l-1-12 36 | 4 0,841 | 34
Project X23 Stadium type and capacity - l-1- - 1312910948 | 11
complexity X24 Contract Type: Design & Build or Construction - - 1- - 14 | 28 | 0,944 | 12
X25 Unrealistic scope, schedule and budget - -] - 2 40 | 0,992 | 1
X26 The presence of a retractable roof - | -]-1]1 ]20]21]0913] 20
X27 Iconic Design N 19 | 23 | 0,925 | 17
DED X28 Detailed drawings and clear specifications - l-1- - 10 | 32 | 0,960 | 8
document X29 Completeness of Bill of Quantity - - 1- - 11 | 31 | 0,956 | 9

X30 Work Schedule

- -1-12 |38]2 0,833 | 36

Cost and | X31 Design Changes

-l - - - 23 1190909 | 21

Time X32 Complicated installation techniques - - 1- - 12 | 30 | 0,952 | 10
X33 Strict Network Diagrams - l-1- - 17 | 251 0,933 | 15
X34 Planned time for construction work -l-1-14 38 0,817 | 38
Structural X35 Structural Design Complexity R ERE 7 350972 | 5
Elements X36 Diversity of types and sizes of structural elements (foundations, | - | - | - | - 20 | 22| 0921 | 18
beams, columns)
X37 Types of Formwork / Temporary Work used - |-1-18 34 - 0,802 | 41
X38 Suitability of structural design to standards & codes -|1-121]8 32 | - 0,786 | 42
Resource X39 Delays due to shortages and material delays - - 1-13 37| 2 0,829 | 37
Management | X40 Control of resources -l -1-]- 28 | 14 | 0,889 | 26
X41 Selection of competent subcontractors R ERE 3418 0,865 | 31
X42 Productivity of Project Resources (manpower, equipment) - - 1-]- 27 | 15| 0,893 | 25
External & | X43 Accessibility to location - |- 121723 |- 0,750 | 46
Internal X44 Technology Use - |- 1-120]22]- 0,754 | 45
Factors X45 Teamwork, Management Communication and Support - l-1-12 3713 0,837 | 35
X46 Culture of Collaboration between team members -l-1-1- 32 110 0,873 ] 30

Information on Respondents’ Score on the Level of Influence of Sub-Factors / Likert Scale: (1) Strongly Disagree; (2) Disagree; (3)

Disagree; (4) Somewhat Agree; (5) Agree; (6) Strongly Agree
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d. QSBIM (RII =0,819)

With the RII value, this main factor has
the second lowest rank. The sub-factor
that most influences the success of this
main factor is Operator Experience &
Productivity (RIl value = 0.880). The
BIM QS Education and Age sub-factors
assessed by respondents are not factors
that determine the success of 5D BIM
optimization, because they are only
ranked 44th in the overall sub-factor
(with an RII value = 0.762)

e. BIM5D-QTO Process (RIl =0,907)
With the most influential sub factor,
namely 3D modelling details (RIl =
0.968); and Quantity Take Off (RIl =
0.964), then this main factor is ranked
fifth for the main factor that has the
most influence on success.

f. Project Complexity (RI1 = 0,944)
Ranked second as the most influential
main factor, with the sub factor with the
largest value, namely RIlI = 0.992 for
Unrealistic scope, schedule and budget;
RII = 0.948 for Stadium Type and
Capacity; and RIl = 0.944 for the sub-
factor Type of Contract: Design & Build
or Construction. The iconic design and
the presence of a retractable roof were
also assessed by respondents as quite
influential factors, with RIl values of
0.924 and 0.912, respectively.

g. DED Document (RI1 =0,917)

With the RII value, this main factor has
the fourth rank in this study. This means
that the sub-factors of Detailed
Drawings and Clear of Specifications,
Completeness of Bill of Quantity and
Work Schedules must also be a concern
in optimizing the potential of M-PERT
& BIM 5D.

h. Cost and Time (RI1 =0,903)

In this main factor, the most influential
sub-factor is a complicated installation
technique, with an RII value of 0.952.

i. Structural Elements (RIl1 =0,870)

In ranking, it is under the main factor
Cost and Time, although the sub-factor
of Complexity of Structural Design is
ranked 5th out of all sub-factors.

J.  Resource Management (RIl =0,869)
Ranked in the 8th most influential main
factor.

k. External & Internal Factors (RIl =

0,804)
This main factor is rated by respondents
as the least influential in the success of
optimizing the potential of M-PERT &
BIM 5D.

Furthermore, the results of the RII
analysis as shown in Table 1 are
summarized and arranged in the form of a
ranking, which consists of 10 (ten) most
influential sub-factors and insignificant
influencing factors. The results are shown in
Table 2 and Table 3.

Table 2. 10 Most Influential Factors, with RII value

Code | Sub Factors RII Ranking

X25 Unrealistic scope, schedule and | 0,992 1
budget

X2 Simplification of the activity | 0,984 2
network

X1 Combination & merger of | 0,980 3
project activities

X4 High accuracy between | 0,976 4
planned and actual construction
projects

X35 Structural Design Complexity 0,972 5

X18 3D modeling details 0,968 6

X20 Quantity Take Off 0,964 7

X28 Detailed drawings and clear | 0,960 8

specifications

X29 Completeness of Bill of | 0,956 9
Quantity

X32 Complicated
techniques

installation | 0,952 10

Table 3. 10 Insignificant Influencing Factors, with RII value

Code | Sub Factors RII Ranking

X39 Delays due to shortages and | 0,829 37
material delays

X34 Planned time for construction | 0,817 38
work

X12 Work that must be started earlier | 0,813 39

X13 Work that must be completed | 0,810 40
early

X37 Types of Formwork / Temporary | 0,802 41
Work used

X38 Suitability of structural design to | 0,786 42
standards & codes

X16 Number of QS team members 0,782 43

X14 Education and age QS BIM 0,762 44
X44 Technology Use 0,754 45
X43 Accessibility to location 0,750 46
CONCLUSION

The risk of time delays & cost
overruns on stadium project structure work
can be mitigated early on by minimizing the
main causes of these risks, namely poor
project planning and scheduling and
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