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Abstract:

Advances in technology and modern systems have enabled a major shift in the
presentation of reality in a virtual way. The representation of a real system using
a model enables various experiments, analyzes and studies. In this paper, a gen-
eral overview of modelling and simulation is given. Through a brief description
of methods and techniques, a special review of the simulation in construction
management is given. Processes and phenomena in construction are mostly of
stochastic character, so it is very convenient to apply simulation for their com-
puter representation. Also, the cyclicity of most processes in construction, as
well as their dynamics provides a suitable basis for the application of simulation.
Simulation is often used to solve various problems in construction management,
as: optimization, predicting, allocation of resources, solving transportation
problems, supply chains, selection of machinery, etc. Simulation methods are
described and an overview of the software most commonly used in construction
management is given.
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INTRODUCTION

Advances in technology and modern systems provide a number of
possibilities and create an environment that enables the visualization and
creation of virtual reality. Modelling and simulation make up a series of
creation activities model of a real system and its computer simulation.
For more than four decades, modelling and simulation have been in use
in various fields of science and technology. It is practically an essential
and inseparable part of all scientific fields, for example, in the management
of organizations and business systems, engineering, military industry,
medicine, computer science, biology, education, but increasingly also
in the social sciences. Modelling methods have been perfected with
the development of applied mathematics, mathematical statistics, opera-
tional research, experimental and computer methods. The accelerating
advances in technology, computing, and science have enabled a major
shift in the representation of reality in a virtual way for an ever-increasing
range of systems.
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The representation of a real system using a model
enables various experiments, analyzes and studies. Sim-
ulation modelling is one of the leading modern methods
of computer-aided modelling. It is in fact an abstract
representation of a real system, valid only for strictly
defined experimental conditions. This method enables
the description, understanding and quantitative analysis
of complex dynamic systems in different areas: production,
transport, economics, mass service, computing, etc. In
this paper, a general overview of modelling and simulation
and a special review of the simulation in construction
management are given.

2. MODELLING AND SIMULATION IN
CONSTRUCTION MANAGEMENT

Processes and phenomena in construction are mostly
of stochastic character, so it is very convenient to apply
simulation modelling for their computer representation.
Also, the cyclicity of most processes in construction, as
well as their dynamics provides a suitable basis for the
application of simulation. The methodology in modelling,
as shown on Figure 1, is based on a closed cycle.
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Figure 1 - Research methodology in modelling process.

Simulation is often used to solve various problems in
construction management, as: optimization, predicting,
allocation of resources, solving transportation problems,
supply chains, selection of machinery, etc.

Simulation plays an integral role in a futuristic vision
of automated project planning and control of computer
modelling system for construction [1]. Many works and
methods applied for the development of simulation
models are based on one of the first CYCLONE simula-
tions recommended by Halpin [2].
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Simulation models are models that are related to
dynamic systems, i.e. systems that change over time.
Typical examples of these systems are: queues, production
processes, storage, transport, etc.

AbouRizk et all presented an overview of three simu-
lation implementations: for an earthmoving contractor
(namely dynamic process interaction), an aggregate
producer (continuous time-dependent) and a general
contractor (static simulation) [3].

The complexity and uncertain nature of construction
projects require simulation for analyzing and planning
these projects. On the other hand, Genetic algorithm
(GA) can be used to optimize the cost and time of a
project [4] [5] [6] [7].

To improve the performance of construction opera-
tions, [8] simulation has been used to predict productiv-
ity. The Agent-Based Modelling (ABM) as an effective
tool for predicting the effects of congestion on labour
productivity in construction projects presented in [9].
Predicting productivity of concreting process [10] and
project duration [11] presented using simulation.

In paper [12] has been proposed production processes
optimization and implemented in the metallurgical
enterprise information system.

Building Information Modeling (BIM) is a new
approach to the application of simulations in construc-
tion. It helps architects, engineers and constructors to
visualize what is to be built in simulated environment
and to identify potential design, construction or opera-
tional issues [13] [14] [15].

Modern modelling is inconceivable without the use
of computers that, along with various methods and soft-
ware tools, provide a good space for creating complex
models and working efficiently with them. Computer
simulation is the performance of experiments on a
model of a real system, over a period of time, which is
performed on a computer (Figure 2).

Computer

=

Simulation - Establishing a
connection between a model
and a computer

Modeling - Establishing a
connection between a real
system and a model

Figure 2 — Modelling and computer simulation.
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The speed of modern computers and the develop-
ment of many programming languages and methods
enable greater and easier application of simulation.
Graphical representation of the system being modelled
(e.g. presentation of the production process) and ani-
mation of the system through 2D and 3D views during
simulation experiments allows easier evaluation of the
logic and dynamics of simulation models and easier
monitoring of model development over time.

There is a large number of ready-made software that
is very widely used in the creation of simulations in con-
struction management. Some of the software is:

o MATLAB & Simulink - a programming environ-
ment for algorithm development, data analysis,
visualization, and numerical computation. That
is a programming platform designed specifically
for engineers and scientists to analyze and design
systems and products that transform our world;

» AnyLogic - is the only simulation tool that sup-
ports Discrete Event, Agent Based, and System
Dynamics Simulation;

o FlexSim - is a powerful tool for modelling, ana-
lyzing, visualizing, and optimizing any process -
from manufacturing to supply chains;

o Arena - Simulation solution that assists business-
es with 3D modelling, design analysis, dynamic
modelling, and more;

o SimcadPro - Simulation software with interactive
2D/3D modelling. Support for Discrete Event,
Continuous Flow, and Smart Agents;

o VenSim - Leading System Dynamics & simula-
tion solution for building high quality models of
complex systems;

« Enterprise Dynamic - is a simulation software
platform to design and implement simulation
solutions in Industry, Logistics & Transport, etc.

Many have ready-made libraries specializing in dis-
playing individual processes. They enable visualization
and animation through 2D and 3D views. They use dif-
ferent programming languages as: Matlab, C ++, Fortran,
Python, JAVA methods, etc.
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3. DEVELOPMENT ALGORITHM OF
SIMULATION

The life cycle of the simulation is a series of steps
that describe the individual phases of problem solving.
The number of phases and the order of their execution
depend on the specific situation. The basic phases of the
simulation process are shown in Figure 3.

Defining the aim of the research describes problem
to be solved. System identification describes system
components, interaction of components, mode of op-
eration, connections with the environment, formal pres-
entation of the system. Collection and measurement of
relevant system data, analysis of these data (selection of
distributions of independent random variables, evalu-
ation of the values of distribution parameters). Creat-
ing a conceptual model that adequately describes the
system and allows solving a given problem. Making
simulation software by choosing a programming lan-
guage or package and creating a simulation program by
writing a program or automatically generating a pro-
gram based on a conceptual model. Simulation program
verification is testing the simulation program according
to the simulation model settings. If the verification of
the program did not give satisfactory results, a return to
step 5 is required. Evaluation of the simulation model
implies examination of whether the simulation model
adequately represents the actual system by analyzing the
results. If the evaluation of the model is not successful,
it is necessary to return to point 4 and make changes
to the model. Planning of simulation experiments and
their execution means planning and execution accord-
ing to the adopted plan in order to enable fulfillment
of the study goal. Analysis of the results of the experi-
ments - during the analysis of the results, it may be nec-
essary to supplement phase 8, i.e. to perform additional
experiments. Conclusions and recommendations are at
the end of simulation.
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Figure 3 - Development process of simulation.

4. TYPES AND METHODS OF SIMULATION

Depending on how to solve the problem and con-
sider the environment, there are 4 basic types of simu-
lation: Monte Carlo, Discrete Event, Continuous and
Mixed Simulation.
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4.1. MONTE CARLO SIMULATION

The Monte Carlo simulation depicts stochastic processes,
in which time does not play a role. It is also referred to
as the method of repeated attempts and is a static type
of simulation in which the creation of samples from
the distribution of random variables is used in problem
solving.

In construction management, Monte Carlo simula-
tion applied to predict potential delays prior to the start
of the construction project [16]. A Fuzzy Monte Carlo
Simulation (FMCS) framework for risk analysis of con-
struction projects [17] has been used successfully.

4.2. DISCRETE EVENT SIMULATION

Discrete Event Simulation (DES) is a method of
simulation modelling of systems in which state changes
occur discontinuously in time, i.e. only at certain times
in time. Systems modelled in this way are dynamic and
almost regularly stochastic.

The model is executed in steps, where the next state of
the system depends on the current state and the current
influence of the environment. The simulation describes
each discrete event, moving from one event to another,
resulting in a shift (increment) of the simulation time.
One of the key elements in the development of discrete
event simulation is the time shift mechanism. Two basic
mechanisms are used: time shift for constant increment
and time shift to the next event as shown in Figure 4.
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Figure 4 - Mechanisms of time shift in discrete
even simulation.

The shift of time for constant increment implies a
change of time in the simulation model so that the same
increment At is always added. After each time shift, i.e.
updating the value of the simulation clock, it is
examined whether some events should have occurred
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in the previous time interval. If so, then these events are
planned for the end of the interval. This time shift has
a disadvantage because moving the event to the end of
the time interval introduces an error into the simulation.
Events that are not simultaneous in this approach are
displayed as simultaneous, and then the order of their
execution is determined (which may differ from the ac-
tual order). By decreasing the time increment, these er-
rors are reduced, but the time spent on performing the
simulation is increased, as well as the number of time
intervals in which there are no events.

Shifting the time to the next event means moving the
simulation clock to the time in which the first or more
subsequent event will occur. If events are set to run at
the same time, they will be executed in series as shown
in Figure 5.
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Figure 5 — Execution of simultaneous events.

The simulation ends when there are no more events
or when some predefined condition for the end of the
simulation is met. In this way, an error in the execu-
tion time of the event is avoided and at the same time
intervals in which there are no events are skipped. This
principle is more complex but also more efficient, so all
key simulation languages use this mechanism. Figure 6
is shown order of execution of events.
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Figure 6 - Order of events execution.
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An optimization methodology that integrates dis-
crete-event simulation (DES) with a heuristic algorithm
is developed to optimize dynamic resource allocation
for construction scheduling [18]. A new simplified dis-
crete-event simulation approach (SDESA) is presented
through extracting the constructive features from the
existing event/activity-based simulation methods [19].
Supply chain operations by looking at the logistics func-
tion of construction material suppliers a discrete event
simulation approach to assess the impact of demand
fluctuations on two crucial logistics performance measures;
lead time and cost efficiency are presented in [20].

4.3. CONTINUOUS SIMULATION

Continuous simulation is used for dynamic problems
in which state variables change continuously over time.
Continuous simulation uses equations that describe the
system in the form of change intensity. System dynamics
is a methodology of research, modelling and simulation
of complex dynamical systems. Feedback systems are a
basic type of system that is modelled by system dynamics.
Feedback models are most commonly used to model
engineering, biological, social, and economic systems.

A dynamic simulation model is developed using system
dynamics for supplying ready mixed concrete (RMC)
[21]. Paper [22] presents a system dynamics computer
model to evaluate alternative type of recycling centre
under different policy and economy environments.

4.4. MIXED SIMULATION

Combined simulation, applies the simulation of
discrete events to a single continuous model. In some
types of systems, continuous simulation, as well as simu-
lation of discrete events, cannot fully describe the mode
of operation of the system. These are those systems that
contain processes that run continuously and events that
lead to discontinuities in the behaviour of the system.
In order to model and simulate such systems, a mixed
simulation has been developed that allows the integra-
tion of continuous and discrete system elements.

Discussion about the deficiencies of two traditional
simulation methods - System Dynamics (SD) and dis-
crete Event Simulation (DES) - for simulation of con-
struction projects which can be compensated by imple-
menting hybrid SD-DES model are presented in [23].
Research [24] argues about a hybrid SD-DES approach
to model labour productivity considering the effects of
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both the context and operational level factors. The
developed methodology integrates DES and SD to utilize
their respective advantages in simulating construction
operations [25].

5. CONCLUSION

The increasingly rapid progress of technology, tech-
nology and science, provides the opportunity to develop
increasingly complex and comprehensive methods and
techniques that are successfully applied in various fields
of science. In construction management, computer
simulation is widely used to solve various problems,
as optimization, allocation of resources, prediction of
project duration, cost, productivity, supply chain man-
agement, construction site problems, etc. Simulation
has a number of advantages, such as controlled experi-
mentation, animation, multiple uses, solving complex
problems, etc. Each of the described methods is used in
construction management, but most of all the method
is discrete event as well as mixed simulation through the
hybrid approach DES-SD. A huge amount of software
for simulation have a large help to build simulation for
concretely problem.
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