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Abstract. This study investigates the impact of different statistical distributions on
inter-arrival times in discrete event simulation (DES) for repetitive construction
projects. Inter-arrival times play a crucial role in repetitive construction project
scheduling, influencing efficiency and resource allocation. Using fixed,
exponential, normal, and triangular distributions, this research evaluates how these
distributions affect repetitive construction project completion times. The findings
indicate that fixed distributions yield consistent completion times, while normal
distributions introduce moderate variability. The triangular distribution offers a
balanced approach with limited data dependency, whereas the exponential
distribution exhibits the highest variability. Simulation experiments highlight the
significance of selecting appropriate statistical models to optimize productivity,
minimize delays, and improve project planning. By integrating DES
methodologies, this study provides valuable insights for repetitive construction
project managers seeking data-driven decision-making strategies. The research
highlights the necessity of aligning simulation models with real-world conditions
to enhance operational performance in repetitive construction projects. The results
contribute to the advancement of stochastic modeling in construction management,
offering practical implications for improving overall project efficiency.

Keywords: Discrete Event Simulation, Repetitive Construction, Construction
Management.

1 Introduction

The construction industry constantly seeks innovative approaches to optimize
scheduling and resource allocation, aiming to improve project efficiency and reduce
costs. Among these approaches, discrete event simulation (DES) emerges as a robust
tool for modeling complex systems characterized by dynamic and stochastic behaviors.
One of the key components in DES is the modeling of inter-arrival times, representing
the intervals between successive events such as the commencement of each repetitive
construction unit. This study explores the impact of different statistical distributions of
inter-arrival times on the completion time of repetitive house construction projects. By
employing various statistical models, including fixed, exponential, normal, and
triangular distributions, the research provides a valuable understanding of how inter-
arrival times distribution influences scheduling strategies and overall project
performance.
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2 The Role of Inter-Arrival Times in Repetitive Construction

Inter-arrival time is crucial in determining the flow and coordination of activities in
repetitive construction projects [1,2]. They influence the sequencing of tasks,
availability of resources, and overall project timelines. Effective modeling of these
inter-arrival times is essential to replicate real-world conditions accurately and predict
project behavior under different scenarios. In repetitive house construction, the variation
in inter-arrival times can significantly impact productivity, causing bottlenecks or idle
times. By understanding the characteristics of these interval-times distributions, project
managers can design more efficient schedules and allocate resources optimally.

3 Statistical Distributions in Discrete Event Simulation

Statistical distributions serve as mathematical representations of variability in inter-
arrival times. In this study, in addition to fixed distribution, three common distributions
[3]; exponential, normal, and triangular distributions are used to model inter-arrival
times in repetitive construction.

1. Exponential Distribution:
a) Commonly used to model random processes with a constant average rate, such
as the arrival of independent events.
b) Particularly suitable for scenarios where events occur unpredictably but at a
steady average rate, such as material deliveries.
2. Normal Distribution:
a) Represents scenarios where inter-arrival times are symmetrically distributed
around a mean value, indicating less randomness and more predictability.
b) Often applied to tasks with consistent durations, such as prefabrication
processes.
3. Triangular Distribution:
a) Useful for modeling events with limited data, where the minimum, most likely,
and maximum values are known.
b) Provides flexibility for representing uncertain or subjective estimates of inter-
arrival times.
c) These distributions capture different levels of variability and uncertainty,
enabling the simulation of various real-world scenarios in construction
projects.

4 Simulation Experiment and Methodology

The study employs the critical path method [4] and discrete event simulation [1,5] to
model repetitive house construction projects [6—14] under varying inter-arrival time
distributions. The methodology involved is as follows.

1. Data:
The data of a building construction consisting of five activities and durations was
adapted from [4] as shown in Table 1.
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Table 1. Construction activities and durations

No. Activity Preceding Activity Duration (day)
1. Prefab Metal Building - 22
2. Clear Site - 10
3. Foundation Clear Site 10
4. Erect Building Foundation, Prefab Metal 10
Building
5.  Finish Building Erect Building 10

2. Model Design

a) Developing and analyzing critical path method (CPM) model representing
construction activities and durations in Table 1 as shown in Fig. 1.

b) Developing and analyzing a simulation model of 200 repetitive buildings based
on the CPM model in Fig. 1 using a discrete event simulation application called
SIMULS as shown in Fig. 2.

Experimentation:

a) Running simulation experiments using fixed, exponential, normal, and
triangular distributions for 10-day inter-arrival times.

b) Recording completion times

c) Statistical Analysis: Comparing results across different distributions.
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Fig. 1. CPM network analysis
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Fig. 2. DES application SIMULS network analysis

5 Findings and Discussion
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The simulation experiments show the impacts of each statistical distribution on the
repetitive construction project dynamics as shown in Table 2. The comparison of the
average completion time of each inter-arrival time distribution is visualized in Fig. 3.

Table 2. Simulation results of various distribution

C Completion Time
No. Distribution Name Min, Ave, Max.
1. Fixed 42 42 42
. Normal with standard deviation 1 42 59.2 90.13
3. Triangular with lower 10, mode 11, and 42 443 48.13
upper 12
4, Exponential with average 10 40.66 98.41 165.88

Fig. 3. The average completion times of various inter-arrival time distributions.

Observations from the simulation results of various distributions in Table 2 are as
follows.

1. Fixed distribution: Minimum, average, and maximum completion time remains
constant at 42.

2. Normal with standard deviation 1:
a) The average 59.2 completion time is much higher than the fixed distribution.
b) A large variation between the minimum (42) and the maximum (90.13)
indicates that this distribution has randomness in completion times.
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3. Triangular with lower 10, mode 11, and upper 12:
a) The average completion time (44.3) is slightly higher than the fixed
distribution.
b) The variation is relatively small, compared to the normal distribution.
4. Exponential Distribution:
a) This distribution has the largest variability
b) The minimum value (40.66) is lower than the fixed distribution minimum value
(42), but the average is much higher at 98.41, and the maximum (165.88) is the
highest among all distributions.

Based on the above observations, several key insights can be derived as follows.

1. The fixed distribution always yields the same completion time.

2. The normal and triangular distributions have moderate randomness, but the
triangular distribution has a smaller variability.

3. The Exponential distribution has the most variability in completion times.

The findings highlight the importance of selecting appropriate statistical distributions
based on the repetitive construction characteristics and available data.

5.1 Practical Implications

The insights from this study have several practical implications for repetitive
construction project planners and stakeholders, as follows.

1. If consistency is required, the fixed distribution is ideal.

2. If moderate variation is acceptable, triangular or normal distributions should be
considered.

3. Ifunpredictable or highly varying completion times are acceptable, the exponential
distribution may be appropriate.

5.2 Advancing Stochastic Modelling in Construction Management

This research contributes to advancing the utilization of discrete event simulation and
stochastic modeling in construction management. By demonstrating the impact of inter-
arrival time distributions on repetitive construction completion times, the study
highlights the value of incorporating variability and uncertainty into simulation models.

6 Conclusion

Inter-arrival times are a critical factor in the success of repetitive construction projects,
influencing scheduling, resource allocation, and overall efficiency. This study
demonstrates that the choice of statistical distribution for modeling inter-arrival times
significantly affects project dynamics and outcomes. By employing discrete event
simulation with fixed, exponential, normal, and triangular distributions, the research
provides practical insights for optimizing repetitive construction project performance.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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