Journal of Multidisciplinary Applied Natural Science Vol. 5 No. 2 (2025) https://doi.org/10.47352/jmans.2774-3047.269

Research Article

Monte Carlo Mathematical Model Simulation: An Evaluation
of The Probability of Construction Project Acceleration

M) Check for updates

Alfandi Rizki Pratama R*, Ludfi Djakfar, and Kartika Puspa Negara

Received : November 4, 2024

Revised : February 18, 2025

Accepted : March 10, 2025

Online : May 28, 2025

Abstract

Complex projects such as road infrastructure require reliability and risk analysis for safety and economic sustainability. This study
divides the concept of comprehensive risk identification into several variables with several indicators. Indicators refer to findings
that occur in the field during acceleration. The simulation was conducted with the help of the @Risk program in Microsoft Excel
using standard settings, and the distribution used was triangular. The population in this study is all project stakeholders related to
determining the implementation time of the Djuanda FO construction, which is currently underway in the 46" week. The population
consisted of 22 experts who were involved in scheduling the FO Djuanda construction project. Since the population size is limited
in the study, all population members were sampled. The sampling technique is census or saturated sampling, in which all population
members are used as samples. The respondents asked to complete a questionnaire and answer questions about implementing the FO
Djuanda development project. Sampling is limited to top management with expertise in decision-making to determine the duration
of project implementation in scheduling. This study obtained interval data, with interval data in the form of a Likert scale (scale 1—
5). Based on the research results, risk evaluation can be adopted well through Monte Carlo mathematical model simulation. The
risks in the acceleration of the FO Djuanda development project, based on the order of risk levels from the largest to the smallest,
are direct costs, work calendar schedule, logistics, external, field constraints, health and safety, indirect costs, community relations,

environment, construction contracts, traffic, and construction.
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1. INTRODUCTION

Congestion is a problem that arises due to
population growth and density [1]. The high
population growth and density usually experienced
by developing countries such as Indonesia and it
often cause traffic jams. According to official data
from the Central Statistics Agency (BPS) in 2023,
the population of Indonesia reached 277,534,122
people. A country's population will generally be
directly proportional to the number of vehicles
circulating in the community, such as data
published by BPS that the number of cars in
Indonesia in 2023 was 152,565,905. Regarding
distribution, Java Island is the most significant
contributor to the number of vehicles. The number
of motorized vehicle owners is 92,036,868 units or
59.67% of the total number of national motorized
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vehicles. Meanwhile, the number of cars owned by
people in East Java is 19,382,263 vehicles. The
construction of the Djuanda Flyover (FO) in
Sidoarjo is a synergistic effort between the local
government and the PUPR. Ministry to overcome
congestion on the Surabaya-Sidoarjo route.

This construction is carried out on a railroad
crossing, one of the congestion points. The local
government is responsible for land acquisition,
while the National Road Implementation Center
(BBPJN) is responsible for building the FO
structure. This development is expected to improve
traffic flow while considering quality, budget, and
time. The construction of FO Djuanda is included in
the National Strategic Project (PSN) as stated in
Presidential Decree No. 80 of 2019. However, due
to the COVID-19 pandemic, the 2019 PSN project
was delayed and only started to be worked on by
the Java-Bali BBPJN under the PUPR Ministry at
the end of 2022. The construction of FO Djuanda
has a total bridge length of 858 m, consisting of FO
A (Sidoarjo-Djuanda) with a height of 435 m and
FO B (Djuanda-Surabaya) with a length of 423 m.
FO Djuanda has a bridge width of 9 m with 2 lanes,
each 3.5 m, a road shoulder, and a parapet as
protection. The total cost of building this FO project
reached IDR 332 billion. Work began on November
1* 2022 and is targeted to be completed on April
222024,
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Figure 1. Project acceleration correlation diagram.

Infrastructure projects have a complexity that
requires a long-term focus because they involve
several risks during the construction and operation
phases. Therefore, a multidisciplinary approach is
needed, including conducting computer simulations
using the Monte Carlo method to design projects
that can optimize costs and provide engineering
input to control and manage risks [2]. Monte Carlo
is a mathematical model for evaluating the
probability of accelerating a construction project
[3]. The Monte Carlo simulation method has been
widely applied to assess economic studies in
construction projects; it is a quantitatively feasible
method to analyze project risks and uncertainties.
Tracy-Widom Distribution for Realistic Modeling:
Tracy-Widom distribution is proposed to describe
the wunique behavior
schedules mathematically [4]. This allows for more

of construction project

realistic modeling of delay risks and interactions
between project participants. A study introduces an
efficient Monte Carlo simulation procedure for cost
estimation in construction projects, which shows
superior simulation accuracy and a simplified
decision-making tool for assessing construction
costs and uncertainties. In Fuzzy Simulation, Monte
Carlo can also be applied to risk analysis, namely in
the format of Fuzzy Monte Carlo Simulation
(FMCS) framework for construction project risk
analysis, which handles random and fuzzy
uncertainties in the risk assessment model [5].
Bayesian inference with Markov Chain Monte
Carlo (MCMC) is also proposed as a universal input
model updating the methodology for stochastic
simulation models in construction, improving the
robustness and practicality of stochastic simulation
models.

Monte Carlo is a mathematical model for
analyzing uncertainty development, where the goal

is to determine how random variations or errors
affect the sensitivity, performance, or reliability of
the system being modelled [6][7]. Monte Carlo
simulation is classified as a sampling technique
because the input is generated randomly from a
probability distribution for the sampling technique
from a natural population. Therefore, the model
must choose the input distribution that best fits its
data—artificial data generation with a pseudo-
random generator and
distribution of interest. The initial calculation of the

number cumulative
Monte Carlo method simulation uses a computer
program, namely Microsoft Excel [8], from random
numbers based on the input data to then be iterated
and calculate the standard deviation, variance, and
error values to obtain answers to the problem
formulation in this study.

Referring to the benefits of the FO Djuanda
development project for road users, the Java-Bali
BBPIJN is accelerating the project, which is targeted
for a functional feasibility test on December 15"
2023. Based on existing conditions, the acceleration
of the FO Djuanda development project could have
a negative impact if not managed properly. Poor
execution and inadequate supervision could result
in the imperfection of the FO Djuanda project.
Therefore, the researcher conducted a risk analysis
in the FO Djuanda project with the acceleration of
work using the Monte Carlo Model simulation. MC
simulation is part of an advanced risk management
approach. The project must carry out several
activities, starting from identifying risks and
assessing the probability and impact to determine
the risk score [9][10]. The novelty of this research
is that it provides a structured and systematic flow
in dealing with the acceleration of ongoing projects
on a large scale of FO development. This study
divides the concept of comprehensive risk
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identification into several variables with several
indicators. Indicators refer to findings that occur in
the field during acceleration. Thus, the acceleration
of the FO Djuanda construction project can be

Executive manager (1 person)

5 2
2 3
RS ) )
2 Q = carried out safely, and the project's success can be
z % L§ = increased with the analysis. Based on the
IE 3 & background described above, this study aims to
E -c.z :—?, i analyze the Monte Carlo mathematical model
= T 2 ° simulation on the risk evaluation that occurs in the
Djuanda Flyover project with the acceleration of
7 work.
2 The FO Djuanda project is influenced by various
fﬂ: factors, both internal and external. The ranking of
o - risk factors generated from Monte Carlo
= j§ é 0 simulations can have a significant effect on decision
S i g % making and the acceleration of the FO Djuanda
E a & & project. The acceleration of the FO Djuanda project
S % 8 = obeys a triangular distribution. After reading some
E —“E :é % ) literature related to research [11][12] and practice, it
E 8 5 g % 1s shown that the acceleration of an infrastructure
“g’_ % % § s project is influenced by several risk factors that are
@l == generally related to project costs, project
§ completion time, and relations with various
) E stakeholders. Moreover, the triangular distribution
% N simulation can predict the probability of project risk
e level with an accuracy of up to 95% compared to
E several other probability distributions, for example
% the left-tailed probability type is only 67.4% in
5 predicting project risk level [13]. Therefore, this
s article uses a triangular probability distribution to
%’ describe the probability of acceleration of the FO
% Djuanda project (Figure 1).
g
g 2. MATERIALS AND METHODS
&
s : o :
’é‘ 9 2.1. Steps in @Risk Simulation
£ 2 In this study, the simulation was conducted with
é“ °§ the help of the @Risk program in Microsoft Excel
g -% o~ using standard settings, and the distribution used
_ % i é was triangular. The steps in performing the
E o E, g simulation are as follows open the worksheet
h g = .g % containing the summary of the questionnaire results
E T g 5 3 in the Microsoft Excel program and open @Risk.
—%é % g g é z Next, select (block) the data from our questionnaire
2 18| € _§ ZH in a table column of optimistic, pessimistic, and
E g g § E % most frequently occurring durations. Next, to test
- £ © o =< the data distribution, select the distribution fitting
% W e g g menu > distribution to fit. Select any distribution to
= B = be tested, namely regular, uniform, and triangular
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Figure 2. Map of the location of the djuanda flyover development project.

distribution. Then, select the fit menu, and the
results show the appropriate distribution. Next, in
the Monte Carlo simulation process, the worksheet
already contains the job name and optimistic, most
frequent, and pessimistic duration. First, create a
new column for the simulation result data. Select the
defined distribution menu in the simulation result
column. A list of available distributions will appear.
Next, select the triangular distribution and enter the
formula for all jobs in the available column. Next,
run the simulation by pressing the start simulation
menu. The amount of iteration is determined
according to the calculation. Then, adjust it to the
standard settings of the @Risk program. After the
simulation, the simulation result data will be
obtained.

2.2. Population and Sample

The population in this study is all project
stakeholders
implementation

related to  determining the
Djuanda FO
construction, which is currently underway in the

46™ week. The study population consisted of 22

time of the

experts who were involved in scheduling the FO
Djuanda construction project (Table 1). Since the
population size is limited in the study, all population
members were sampled. The sampling technique is
census or saturated sampling, in which all
population members are used as samples [14].

In this study, respondents asked to complete a

questionnaire and answer questions about
implementing the FO Djuanda development project.
Sampling is limited to top management with
expertise in decision-making to determine the
duration of project implementation in scheduling.
Thus, a census sampling technique is used with the
same population and sample size, namely 22

respondents.

2.3. Research Instruments
This study obtained interval data, with interval
data in the form of a Likert scale (scale 1-5).

2.3.1. Validity Test

Validity testing is a test that functions to see
whether a measuring instrument is valid or invalid.
The measuring instrument referred to here is the
questions in the questionnaire. A questionnaire is
valid if the questions something
measured by the questionnaire [15][16]. A valid
measuring instrument can reveal data accurately
and precisely describe the data.

In this study, the construction validity test was
used. Before conducting the wvalidity test, the
existing materials or aspects will be measured based
on the theory of what will be obtained in the field,
where experts will then be consulted. The experts
will be asked for their opinions on the instruments

can reveal
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that have been prepared. Then, the experts will give
their views on the instrument, whether it can be
used without improvement (feasible), whether there
is an improvement (feasible, with improvement), or
revised (not possible).

2.3.2. Reliability Test

Reliability testing refers to the consistency of
measurement results. If the results are consistent,
then the instrument is reliable. The reliability
testing used in this study is the Cronbach Alpha
method. The coefficient of Cronbach Alpha ranges
from 0 to 1; for values < 0.6, the instrument is
generally considered unreliable.

2.4. Types of Research

Based on the formulation of the problem and the
objectives of the research to be achieved, this
research combines quantitative and descriptive. The
purpose of explanatory research is to provide a
picture and a systematic description accurately
related to the facts in the field and the phenomena
being  studied Meanwhile,
quantitative research aims to develop and use

and  observed.
mathematical models, theories, and hypotheses
related to a phenomenon. The quantitative and
qualitative approaches are used. The data presented
in the quantitative approach itself is research data in
the form of numbers and will produce a category

level. The qualitative data presented is obtained in
actual conditions and presented and analyzed to
provide an overview of the research object.

2.5. Location and Time of Research

2.5.1. Research Location

This research was conducted in the Djuanda
flyover construction project Figure 2
illustrates the construction plan of Djuanda Flyover,
designed as a strategic solution to mitigate traffic
congestion in the Sidoarjo and Surabaya. This
flyover is engineered to enhance mobility efficiency
by incorporating an elevated loop ramp, allowing
vehicles to move seamlessly without encountering

arca.

intersection. The
that
been

traffic conflicts at the main
construction progress indicates
structural components

several
have completed,
including lean concrete rigid pavement, rigid
pavement, deck slab flyover A & B, and parapet
flyover A, as represented by the color-coded
scheme in the diagram. The implementation of this
infrastructure is expected to improve road capacity,
reduce travel time, and enhance transportation

safety in this strategic corridor.

2.5.2. Research Time
The research will be carried out during the
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Figure 3. Data that was tested.

648

PANDAWA

INSTITUTE

=



J. Multidiscip. Appl. Nat. Sci.

A" | Generst - 4 24
)
Y Home Inset  Pagelaout Fomuas  Data  Review  View  Adddns  AutodeskVault
o !. j ol 23 L)) Rentions (3 - ~ ]
e [ A Y ]
‘j J =% Simulations 1 oA

DRISK ©® - = X

A | ¥ summary
2]
¥ Define Filters

A4 &

»v A Utilities ~
& R Color Cells ~

a W

Define  Add  Insent Define  Disribution Model Data S S Sart Excel  Browse . Adanced  RISK  Time Project Library  Swap Out Help
Distributions Output Function = Correlations =  Fitting~  Window Viewer | Settings | 40 89 S R/’ simutation | Reports Resutts || (X) ] (%) | Analyses = Optimizer = Series~ = - SRISK @ Thumbnails ~ v
Model , Tools Utilities

i Effectiveness & ORISK - Fit Distributions to Data = -
2 [ SIMULATION
3 No Variables 1] pas toFit | gootstrap | ghi-sq Binning | E - 1] 7] ]| 3 3 6| reswrs
a ] 3 3 3 3 3 3 3 3 3 3

7 s 5 s = B s B s 5 s
B 2| Work Calender Schodule 2 E 3 Fitting Method Parameter Estimation [~] s 3 2 2 2 3 2
&3 3 3 3 3 3 3 3 3 ) 3
7 _Y_ Traffic Engreenng S 4 4 L r Limit Distributions S S 4 4 4 4 4
sl 2] o Trafhc marierance 3 3 [ oon ] 3 3 3 3 3 3
3 L Cooper shor win relaied parves 3 4 ] ™ Loglogistic - 3 3 3 3 3 T T

3] Eixed Bound
) (Owss0n et corrusct aherrudrve ronds 2 3 3 ™ Lognorm 2 3 3 3 3 3 3
0] Consiruion Vathod ) 5 ) Bounded, But Unknown Dlliognoms 3 3 3 3 7 0 3
- H Construstion 3 3 ) Qpen (Bxtends to -Infinity) A ] ) ] ] 3 ]
o 3] 3 5 ] 3 3 3 3 s s [
% S S S © Unsure ™ Pareto 5 ) [ [ 3 s 5
5 s 5 s P 5 s 3 E) s s s
v 3] Indirect cost E) rearons 3 5 H 2 2 2 2
5] Wocker varing [ 3 Figed Bound " Pearsons ] 5 3 5 3
£ [Fisid cffce Facilnes 3 3 Bounded, But Unknown I~ pert 3 [ [l 3 3 3 3
E. ldrg Matenas 3 5 5 B 5
o . : Ogen (Extends to +Infinity I Rayteigh = et ;
1 Direct cost = : ® Upsure ™ Student s 5 ) ) ) r)
2] Prorect ewgn and developrrart [ [ W Triang [ s [ s 3
2% Msrienarce of exverbd sernces 3 5 Advanced Options M uniform 4 [ [l [l s H
» Fervonal Protscive Eugerart (PFEL s 5 5 5 5 5 s s
— Il

% 7] Hesthondsalety  [Wok seodmis s s 1 3 Fixed Parameters p Clweus = s s E I I I
z Foon 3 s 3 3 s s s s 3
= 1] D caratis el 3 . /| Suppress Questionable Fits Sglec ) 3 5 ‘ 5 )
2] — e martarce s e 5 5 3 3 s s
X 3} Changes in badont prardes S 5 - 3 4 4 S s H
n Pressure from mudtple parses. S 4 - S S 4 4 4 4
2 ] [Brncige soen corfogurabon S Q| Fit Cancel 3 3 3 s s
n Ceoupshond safely and hesth 5 5 i 5 [ [ B s
3| T et st 3 s 5 s s ) 3 5 ) B 3 [ 3 3 5 5
» Cranges inregashors ord cemis s ) s s s 5 H B 5 s 5 ) ) s s
% 1] Eifochve comerurvcaban s 3 3 5 3 3 3 5 ) s s s 5 3 3 )
7 2] Comemunity relations  [Communy snguomment 3 s S s s S s 3 [ 5 3 0 3 3
» iréormahon ¥ ansparency 4 S 4 4 4 S S 4 $ 4 4 4 4 $
» ] € rcorenentsl lmpect Mansgsment 3 4 4 H 4 H 4 H 4 5 5 ] H 4 ] 4
« 2] Frmcnment Wether Coraiiors s 5 5 s 5 s B s 5 s s s 4 ] s s
o3 ) B B s s s s s 3 ) B s 5 s ) 3 E E s v
M <> ¥ || RECAP FINAL DATA ¥3 1kl 30|
Ready Count:26 | UB @ 70% (- { +

Figure 4. Determination of the tested distribution.

project, from the 46™ week until completion.
3. RESULTS AND DISCUSSIONS

3.1. Respondent Data

Data was collected by distributing questionnaires
to related parties, namely the owner, supervision
consultant, and service provider in the FO Djuanda
Development project. The number of parties is as
follows: 6 owners, 10 supervision consultants, and
6 service providers, with a total of 22 respondents.
In this study, the questionnaires were distributed by
top management on the owner, supervision
consultant, and service provider side of the FO
Djuanda development project. The questionnaires
were distributed for approximately one week. At the
same time, researchers also conducted interviews
with respondents to provide information related to
the research, especially those related to scheduling
and risk factors that existed during the project. The
results showed that the respondents in this study
consisted of owners 27%, with a total of 6
respondents; supervisory consultants, 46%, with 10
respondents; and service providers, 27%, with 6
respondents.

The last education is a reference for each
respondent to have suitable qualifications and
qualities. It is known that the majority of
respondents in this study were S1 graduates, 77% of

whom had 17 respondents. Meanwhile, the smallest
number of respondents were masters graduates,
namely 13%, with 5 respondents. Experience in the
construction sector also influences the provision of
answers. It is known that the respondents in this
study were the most respondents with more than 15
years of work experience, which is 55%, with a
total of 12 respondents. For 11-15 years of
experience, it is 27%, with a total of 6 respondents.
At the same time, the lowest number of respondents
is 5-10 years of work experience, which is 18%,
with a total of 4 respondents.

3.2. Monte Carlo Simulation Method
The steps used are to obtain the standard
deviation value according to the following data;

‘(Xi —x)? -~ ‘(4124 —4297.5)% + (4471 — 4297.5)? _
0:\] n_1 _\j 25 -1 =54 (1)

then, determine the margin of error, Eq. 2.

e=1Ix ’7;;(10: - _ 1,96 % 722(10;2_ 22 _ 45 2)

while the number of iterations needed is obtained
by the equation 3.

3542 3x54
N= (7) = ( 2 = 86 iteration (3)
£ 17

Next, the number of iterations is obtained
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through calculations entered into the @Risk
program. The following is an example of data
processing steps using the @Risk program. Open
the summarized questionnaire data and select
(block) data to be tested. Figure 3 presents a
structured questionnaire data summary in Microsoft
Excel, designed for analysis using the @Risk add-
in. It includes various effectiveness criteria such as
work schedule, productivity, coordination, costs,
health and safety, external factors, and field
constraints, rated by users, contractors, and owners.
The final column displays results, representing a
statistical Utilizing Monte Carlo
@Risk, this data
probabilistic risk analysis to assess uncertainties,

optimize resource allocation, and accelerate project

evaluation.

simulations in enables

completion by identifying potential delays and
improving decision-making efficiency.

Select the distribution fitting menu; In the
distribution to fit menu, select the distribution to be
tested, namely the triangular distribution; Next,
select the fit menu.

Figure 4 displays the "Fit Distribution to Data"
menu in @Risk, which is essential for selecting the
most appropriate probabilistic distribution for risk
analysis and project forecasting using Monte Carlo
simulation. The selection of triangular, uniform,
and normal distributions is preferred due to their

simplicity, ease of interpretation, and flexibility
across various project scenarios. Triangular
distribution is suitable for judgment-based
estimations with minimum, maximum, and mode
parameters, Uniform distribution is applied in
situations with limited information where all values
within a range have equal probability, while normal
distribution is ideal for naturally distributed data,
such as project duration and costs. In this image, the
parameter estimation method is used to fit the
distribution to the dataset, with lower limit and
upper limit options configurable to align with real-
world constraints before applying the selected
distribution through the "Fit" button. By choosing
the appropriate distribution, Monte Carlo simulation
in @Risk enables more accurate probabilistic
analysis, facilitates data-driven decision-making,
and optimizes project planning by effectively
assessing risks and uncertainties.

Next, the results will come out. Figure 5 displays
the @Risk software interface with the define
distribution window open, showing a triangular
distribution (Triang 3.6, 4.4, 4.4) for "Dataset 6,"
which is being applied in a Monte Carlo simulation
to model risk and wuncertainty in project
effectiveness variables. The distribution is defined
by minimum (3.6), most likely (4.4), and maximum

(4.4) values, indicating a skewed shape favoring
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higher probabilities near the maximum value. The
probability density function graph highlights that
90% of the data is concentrated in the central
region, with 5% falling on the lower and upper
extremes, while the statistics grid presents key
metrics such as mean, median, standard deviation,
skewness, and kurtosis to characterize the dataset.
The @Risk formula applied within Excel integrates
this distribution for probabilistic risk analysis,
aiding in project decision-making by modeling
uncertainties in factors such as scheduling, costs,
coordination, and external influences, ultimately
optimizing project planning and risk management
strategies. The complete results of the computer
simulation using the Monte Carlo method are
presented in Table 2.

Based on the ranking in Table 2, the most risky
variables that affect the implementation of the
acceleration of the Djuanda FO development
project based on the risk level (TR) from the
highest to the lowest are: direct costs (TR = 20.45),
work calendar schedule (TR = 19.01), logistics (TR
= 18.93), external (TR = 18.74), field constraints
(TR = 18.72), health and safety (TR = 18.61),
indirect costs (TR = 18.18), community relations
(TR = 17.49), environment (TR = 17.41),
construction contracts (TR = 16.89), traffic (TR =
15.79), and construction (TR = 13.89). In this
project, regarding the evaluation of scheduling and
acceleration risks in the Djuanda FO development
project, several research implications can be drawn
for further development in project management,
primarily related to scheduling and risk
management in construction projects.

The results of the ranking of several risk factors
in the acceleration of the FO Djuanda project can be
probability  that
summarizes three key factors that affect the
probability of acceleration of the FO Djuanda

illustrated with a triangle

project. This includes project costs consisting of
direct costs namely costs incurred for building
materials, construction equipment, project design
and development, essential service maintenance and
labor, indirect costs, and logistics. Project duration
consisting of work calendar schedules namely those
related to working time, resource availability, and
coordination between parties and construction.
Relations with various stakeholders including
investors related to construction work contracts,

with the police and transportation agencies related
to regulating vehicle flow and reducing congestion
on roads affected by the construction of FO
Djuanda, and with employees especially related to
occupational health and safety are essential.
Furthermore, the relation with various external
parties such as vendors and subcontractors who
supply building materials and with the surrounding
community affected by the FO Djuanda
construction project such as land compensation and
their health due to various pollution resulting from
the FO Djuanda construction project activities are
also crucial. Air pollution caused by NOx gas that
reacts with O,, O;, and unburned hydrocarbons in
car engines could produce peroxyacetyl nitrate
(PAN) which causes sore eyes and respiratory
problems, as well as with the environment caused
by the disposal of various waste produced in the FO
Djuanda construction project activities that can
pollute the soil, water, and air. Moreover, air
pollution caused by CO, gas, whether emitted by
project vehicles or due to traffic jams caused by the
Djuanda FO construction project activities, can
worsen the accumulation of CO, in the stratosphere
where the asymmetric vibrations of CO, molecules
can absorb infrared radiation of 2,349 cm™ which is
in the center of the absorption band (red, 2,100—
2,400 cm™) as a heat radiation band, thus causing
global warming and climate change [17].

An  infrastructure = project  is
studied first
engineering applications including Monte Carlo
methods, which are almost always accompanied by

usually

comprehensively using various

the random nature of input variables. This is due to
the randomness arising from the environment,
material structure, construction process,
maintenance or many other sources, which need to
be properly and accurately accounted [18]. Project
time and cost are some very crucial items that must
be calculated precisely and accurately in a
construction project. Monte Carlo simulation can be
used to estimate time and cost in construction
projects with relatively accurate results [7][19]. For
example, Monte Carlo simulation predicts an 80%
probability that a large-scale project can be
completed with a total construction period of 22.54
months and a total cost of 3.0923 million yuan [11].

Monte Carlo simulation can be an excellent tool

for analyzing the potential impact of changes or
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modifications made to a complex project [20], such
as the accelerated construction of the Djuanda
flyover. However, even though Monte Carlo
simulation has a quality level that correlates with
the input data. This strengthens the more limited
application in the early design phase, while in the
details and implementation of the design phase,
facts that are in accordance with the reality found in
the field are needed, for example using three-
dimensional models and numerical analysis [12].
Regardless of that, result of the computer
simulation using the Monte Carlo method which
places the cost variable as the highest risk in
accelerating the Djuanda flyover construction
project are in line with the results that the Monte
Carlo simulation can be used to assess the financial
feasibility and investment risk in an infrastructure
project [2]. Moreover, Monte Carlo simulation
containing probability distributions obtained from
expert assessments can be applied to evaluate and
calculate the probability of total project costs [21].
The cost of a project can also be estimated and
calculated using a combination of Monte Carlo
simulation and Markovian simulation cost
projection (MSCP) methods [22].

Monte Carlo simulation can be used to identify
key items that must be focused on because they
have a significant impact on the total cost of the
project and to make efficiencies in project items
that, if made efficient, will not disrupt the smooth
running of the project and the quality of the project
results, to prevent project cost overruns [23].
Changes made midway through an infrastructure
project will certainly have a significant impact on
project costs, and will certainly also have
implications for changes to the project schedule
1617241,
schedule time [25], and updates to the project work
agreement with the contractor [26], and investors,

re-adjustments to the project's work

because for investors it is very important to have

certainty, both regarding costs, time and
sustainability [27].
Changes in construction and infrastructure

projects will certainly affect traffic flow and vehicle
volume density on the road, which can have a
negative impact on the environment [28]. This is
contrary to the design of sustainable infrastructure
development engineering which seeks to shorten
project completion time, cut project costs so that the

use of environmentally unfriendly construction
materials can be minimized, and reduce CO,
emissions, both due to the flow of project vehicles
and the impact of congestion caused by the project,
so that CO, gas that can last for 200 years in the
stratosphere and can cause global warming can be
significantly reduced [29].

Some implications of the research that can be
formulated as follows. First, Risk-Based Scheduling
Model: By minimizing risk, further research can be
directed at developing a scheduling model that
integrates risk analysis. This model can help project
managers make more informed and strategic
decisions regarding project acceleration and risk
mitigation. This is as re-inforced by the fact that
Monte Carlo simulations related to the ranking of
risk factors, especially those related to investment
and financial planning, are fundamental
considerations for effective management decisions
with sustainability goals [30]. Therefore, for
managers and owners of large infrastructure
projects, risk rating factors, especially those related
to project costs, must be known in advance in as
much detail and as accurately as possible [31];
Second, Risk Management in Project Acceleration:
The findings on 12 risk variables that affect project
acceleration provide a basis for in-depth research on
each variable. Research can be conducted to
understand the specific impact of each variable and
develop effective mitigation strategies. The results
of the Monte Carlo simulation, including in the
context of this research 12 risk variables, can
greatly assist project managers in rearranging
project schedules, costs, and so on so that the
project can run smoothly with the best quality
results [32].

4. CONCLUSIONS

Based on the research results, risk evaluation can
be adopted well through Monte Carlo mathematical
model simulation. The risks in the acceleration of
the FO Djuanda development project, based on the
order of risk levels from the largest to the smallest,
are direct costs, work calendar schedule, logistics,
external, field constraints, health and safety, indirect
costs, community relations, environment,
construction contracts, traffic, and construction.
Suggestions for further research include using other
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