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SIMULATION APPLICATIONSIN CONSTRUCTION SITE LAYOUT PLANNING
ABSTRACT

In the planning phase of every construction projgtout of temporary facilities is a crucial task;
site layout can affect safety, travel cost and tiommstruction productivity, and space utilizatiblowever,
site layout planning can be a complicated probldoe to the interdependency of influencing factors.
Although interaction among activities is one of thajor drivers of site layout planning, it has heien
properly addressed in past research. In this stsidyylation is presented as a promising tool toreskl
this gap. The capability of simulation technology model complex processes in construction projects
makes use of simulation tools in site layout optation problems effective, while existing methods a
unable to perfectly model these problems, in soases. Additionally, the advantages and challenfies o
implementing simulation are assessed and a gefraricework for simulation application in site layout
planning is proposed.
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INTRODUCTION

The major aim of site layout planning is to ideptiequired temporary facilities, determine their
size and shape, and locate them. Temporary fasilittary in different projects and may include
construction equipment, warehouses, maintenancpsshmatch plants, residence facilities, fabrication
yards, lay-down areas, offices and tool trailerg] parking lots (Tommelein 1992a; Sebt et al. 2008)
practice, it is difficult to determine the savings loss of money due directly to site layout demwisi
(Tommelein 1992b). Furthermore, many factors suesh canstruction schedule, mobilization and
demobilization of materials, equipment and workassyvell as construction methods influence site Uiy
(Tommelein 1992b). Consequently, due to tight exdtéons among these factors, site layout planning
becomes so complex that in practice, it is tredésdan isolated problem after many other decishmse
been made” (Tommelein 1992b). Figure 1 illustrdiesmost important factors in layout decisionsya#
as the major impacts of a suitable layout on cokttyn projects.
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Figure 1- Decision factors in site layout planning and timpacts of a suitable layout

In this paper, the previous studies on the subjéabptimizing construction site layouts are
evaluated. Then, the application of simulationhiis tarea is compared with those methods. In the &nd
generic framework is presented to demonstrate hiowlation is applied in the site layout optimizatio
process.



BACKGROUND

Considerable research has been conducted on mé#fieyedt aspects of site layout planning
including how to identify the type and the sizaehporary facilities, where to locate facilitiesdahow to
optimize their locations. This study concentrates determining and optimizing the locations of the
facilities. To solve the problem and optimize $dtgouts, different techniques like Genetic AlgonitiGA)
(e.g. Sanad et al. 2008; El-Rayes & Khalafallah®2@lbeltagi et al. 2004; Jang 2002), Ant Colony(e
Ning et al. 2011; Gharaie et al. 2006), and partisvarm optimization (e.g. Xu & Li 2012; Zhang & Wa
2008) have been employed in past research.

In addition to these optimization methods, sometpproaches have been implemented in site
layout planning. SightPlan, built based on a knolglebased system, implemented Artificial Intelligen
programming techniques (Tommelein 1992b). An Aneg@aleural Network model that is a combination
of simulated annealing and Hopfield neural netwads presented to lay out predetermined facilities o
predetermined locations, while satisfying constsifYeh 1995). Easa and Hossain (2008) developed a
mathematical model to optimize site layout. Chemg &£onnor (1996) developed a system, ArcSite,
applying GIS integrated with a database managesystéem that facilitates extracting data from défer
resources to automatically locate temporary faeditSince Computer Aided Design (CAD) is a common
tool for drawing site layout in practice, some $sdhave been done to investigate its capabilitigbe
planning stage of site layout. Sadeghpour et #062 developed a CAD-based model for site layout
planning. Various decision support systems have Ipeeposed for site layout planning. To benefitriro
features of different methods, hybrid systems halse been proposed in this area of research. Zégaal
(2002) integrated expert System (ES) with Artifidieural Network (ANN) to compose a Hybrid System
for Site Layout (HSSL). This model integrated thitvantages of ES, such as a good user interface and
consistency with human thinking, and ANN, suchel&adaption and mathematical foundation.

Generally, the main objective in most site layolainping models is to minimize travel time and
costs. There are two approaches to define the tgefunction for optimization: quantitative, whettee
material handling cost is minimized, and qualitafiwwhere “some measure of closeness rating” is
minimized (Rosenblatt 1986). The studies condutigdiang (2002), Elbeltagi et al. (2004), and Cheng
and Connor (1996) are examples of using qualitatieéhods, and the studies by El-Rayes and Khaddufall
(2005), Hakobyan (2008), and Zhang and Wang (2@@8examples of using quantitative methods. Most
previous research following either a quantitativejoalitative approach has inspired formulatiomfrthe

following general term:
=20 W, (1)

WhereN is the number of facilitieg); is the distance between facilityandj, andWj is the cost
per unit length ($/m) for traveling from facilifyto j that accounts for the amount and the cost of liraye
in quantitative approaches, o is the closeness weight between faciligndj qualitatively determined
to account for influencing factors such as safegwyeling costs, trip frequency or other user dediareas
in qualitative approaches. In dynamic quantitatimethods, the term of relocation costs, which can be
considered as fixed or variable costs, will be adidethis general term. The variable relocationsosay
depend on the type of facilities, and/or relocatistances and places.

It is important to note that it cannot be guaradtekat the site layout resulted from the
optimization process of the objective functionhie bptimum layout when facilities are interacti@ngu
et al. 2009). These methods face several challangaactice because they only try to find the wyatli site
layout with the least total traveling costs or thest optimized fitness function which can includdesy
and environmental issues along with costs. Thesthads cannot account for many working process
factors such as production rate, resource allocatgquipment idleness, and complex relations batwee
activities in construction projects, while simutatitools are able to model the construction proeess
consider those factors as well as project costs.



WHY USING SIMULATION IN LAYOUT PLANNING?

Simulation is a fast-growing technology in modelicmnstruction projects. Although simulation
has been implemented in various sectors of thetrat®n industry like earth moving, tunneling, ipig,
and steel fabrication shops, simulation capalsliiave not been perfectly utilized in site layolainping,
and a limited number of simulation applicationssexin this areaZhou et al. (2009) implemented
simulation only to evaluate the optimized site latyesulting from GA optimization of the fithesafition
in tunneling projects. Tawfik and Fernando (20048disimulation in conjunction with virtual realifyR)
for visualization purposes. In order to plan styaekd layout, a simulation model was presented alyae
three parameters: product handling cost, througtimeét for a lorry, and vehicle waiting time (Manaiset
al. 2001). In their study, the positions of theratmes were predetermined and GA was integratedtith
simulation model only to optimize allocation of prxts to different storage facilities for minimigin
throughput time. Consequently, the GA applicationthis model was only for optimization of product
allocation processes, not optimization of the laydommelein (1999) used simulation to find theimat
number of tool rooms and their positions. Althoutiis study showed the promising results of using
simulation in construction site layout planningnitplemented simulation for optimizing the layotitomly
one facility not all facilities. Capabilities ofrsulation in modeling availability of resources asliwas
idleness, production rate, and productivity of @guént and labors facilitate the consideration of
interaction between activities. To show the advgeseof simulation tools and the drawbacks of preslip
developed methods in site layout planning, we prethe following example.

In a construction project, we assume that a tenmpdaaility stores materials that are supposed to
be sequentially hauled to Cranel in the first pbobthe project time, Partl, and to Crane2 insbeond
period, Part2. In this problem, the material sterega temporary facility that must be optimallysjtioned,
and cranes are fixed position facilities. As shawifrigure 2, there are six possible storage pastiover
an area with 500 meter (m) width and with 100 nerivéls. The distance of cranes to the nearestaide
this area is 4 kilometers (km). In addition, theneavolumes of materials are hauled to both crapethd
same number and type of trucks. Therefore, thepmstinit length for transporting materials is sagne in
both periods. We solve this problem using quamigatqualitative, and simulation techniques. In the
quantitative and qualitative methods, firdf; should be determined. For quantitative metiwd, andw,,
represent the cost per unit length ($/m) to trartspuaterials from storage to Cranel and to Crane2,
respectively. As the number and the type of trueksl the number of material units for both cramestize
same, it is concluded that the cost for transpgttiive materials from the storage to each crarfeeisame.
Thus, Wy, = Wy,. For the same reasons, there is no closenesggmegebetween the storage and cranes.
Hence, it is decided that the closeness weighthefstorage material to the cranes are the sarteein
qualitative method. As a result, for simpliciti/is used instead &, andW, in both methods. Therefore,
the objective function can be calculated in thentjtetive and qualitative approaches, as follows:

N=1N=2

f :ZZ\Nijdij (2)
=1 j=L

f =Wd;; +Wd,, =W(d,, +d,5) 3

Since, if the storage is placed in any of the siggible positions, the total hauling distance which
equals 8500 m (4000 + 500 + 4000) remains constlaatoptimization process of the objective function
fails. In other words, placing the storage in affijth® positions leads to the same result and dog¢s n
change the value of the objective function. Thanefany position can be optimal. On the other hared
simulate the hauling process in the Simphony enwvirent, developed by the Construction Engineering
and Management group at the University of Albeutsing the supplementary assumed information shown
in Table 1.
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Figure 2— The configuration of the site

Table 1- The input data for the simulation model

Description Value
The number of material units to be hauled to eaahec 500
The number of trucks employed for hauling 3
The capacity of trucks (units/cycle) 1
The average speed of loaded trucks (km/hr) 15
The average speed of empty trucks (km/hr) 25
The average loading time (min) 10
The average unloading time (min) 5
The average cycle time of Cranel (min) 10
The average cycle time of Crane2 (min) 5

Regarding the information presented in Table 1s ibbvious that inputs such as loading and
unloading time, the number, speed and capacityuwks, and the crane cycle time, which cannot be
considered in the previous methods as influenciaameters, are required for building the simulation
model. Furthermore, it is noteworthy that the odifference between the process of hauling matetaals
Cranel and to Crane2 is the crane cycle time, lamather characteristics are the same. The resullse
model developed to simulate the construction pr®ceish different storage positions are depicted in
Figures 3 and 4. As shown in Figure 3, changinghidagling distance does not control the time of Bart
while the time of Part2 is controlled by the distanThis is due to the cycle time of Cranel beirigd as
long as that of Crane2. As a result, decreasindhshuding distance for Cranel only increases thdingai
time of trucks queuing for Cranel, as illustratadFigure 4. On the other hand, reducing the hauling
distance toward Crane2 decreases the idle timerahg2. According to the simulation results, it is
concluded that Position 6 is the optimal placetli@er material storage.
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Figure 3— The results of simulation model in terms of thediof Partl and Part2
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Figure 4- The results of simulation model in terms of suntrofks’ waiting time for Cranel

This simple example demonstrates how simulatiofstoan be properly implemented to identify

the most suitable site layout, in comparison wité other approaches. In practice, the problemsnare
complicated. For instance, the size, the numbet,tha speed of trucks can vary for each crane ab th
these parameters can highly affect the results.s€prently, in the construction industry, with many
interrelated activities and a great number of \Heis, simulation tools can be more helpful to plan
optimum site layouts than the previous methods tuatsider only work flow costs in the objective
function.

SIMULATION ADVANTAGESAND CHALLENGES FOR LAYOUT PLANNING

In comparison with most previous methods, the athgas of using simulation in site layout plannimg a
as follows:

Due to the many interrelated activities in condinrcprojects, reducing travel distance may not
necessarily result in work improvement. Therefsimulation models can be useful to account for
complex interactions among facilities, activitieglaesources.

As a result of simulation models, time-based facteuch as total project time and resource
idleness can be taken into account to assist ptammelecision making.

The input data do not have to be deterministiccl&stic data can also be implemented in
simulation models.

However, there are some challenges for using stioalén this area, as follows:

The bottleneck of applying simulation in site lay@lanning is the time and special knowledge
required to provide reliable and sufficient inputal of simulation models (Koing et al. 2011).

While some data are not exclusively defined foridigs such as material quantities, general
activities, and milestones, the other data areipalty for logistics and layout planning such as

means of transportation and their characteristiésing et al. 2011). Hence, some of these
exclusive data may not be available in the planpingse of the project.

While a larger number of influencing factors hefggance the accuracy of simulation models, it
makes the models more complex. Thus, relevant factwust be identified and irrelevant ones
should be eliminated (Voigtmann & Bargstadt 2010).

Determination of the best layout by altering nunusrdactors and running simulation models
many times may not be achieved in a reasonablewimdow, particularly when stochastic data
are used as inputs. Thus, specific knowledge i®ssry to identify the most relevant factors
(Voigtmann & Bargstadt 2010).

Since simulation can only evaluate “what-if” sceogy simulation needs to be integrated with
optimization methods, e.g. GA, to automaticallyrebdor optimum solutions.

Simulation is a suitable tool for site layout plarm of projects with repetitive activities, close

interactions between activities in a tight schedaled limited number of resources. Otherwise,
simulation is not very beneficial.



e Simulation can only evaluate the goodness of thatipas of the facilities influencing project
productivity and production rate.

PROPOSED FRAMEWORK

To apply simulation in site layout planning of ctimstion projects, we propose a generic
framework that can be used in every project witly aptimization method, as depicted in Figure 6.
Different components of this framework are expldias follows.
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Figure 5: The generic framework for simulation agggion in site layout planning
Project Schedule

The project schedule is required to build a siniotatmodel. This schedule is similar to the
routine schedules prepared for projects, but moraprehensive, because it also consists of all tiegis
activities. The project schedule includes three mmments: workpackages, required resources and
operation sequences.

Workpackages

Workpackages include main activities and logistativéties. Main activities are defined as
activities performed in facilities, e.g. produciogncrete in a batch plant. Logistic activities defined as
activities performed between facilities, i.e. pensel, equipment and material flow like transporting
concrete from a batch plant to a placement area.ld¢ations of performing activities, activity staiate
and milestones, and possible delay penalties ef datmpleting workpackages are the attributes of the
workpackages. For a main activity, the locatioraisingle facility, while for a logistic activity is the
source and destination facilities.

Reguired Resources




For each workpackage, the required resources imguthbor, equipment and material are
determined and imported into the simulation mo@glantity of materials, laborers and equipment, crew
and equipment production rates, speed of equipmuthtiaborers on site, labor and equipment costs, an
productivity factors are the attributes of the regses. Productivity factors affect the productiaterin
different conditions like inclement weather or cestgd working areas.

Activity Sequences

The sequences of activities, which are the relatipps between workpackages defined in the
project schedule, are determined to build the satiah model.

Optimization Process

The optimization process is the main part of tremiework. In this process, evaluation of the
layout takes place in two stages. First, the féldgilof the layout is evaluated according to sgfand
environmental factors, and user-defined factorghis stage, an optimization engine can be empldged
provide feasible and qualified layout considerihgge factors. Then, in the second stage, the ophlif
layout is evaluated by the simulation model. Thgpraach reduces optimization process time and miakes
more efficient because the number of iterationssbyulation is reduced. Considering the fact that
simulation run time may be long for complex modasaluation of unfeasible layouts or unqualified
layout from other factors’ point of view by simutat is not beneficial. In addition, adopting thigpaoach
leads to finding the optimum positions of the fiieis not influencing the project production raféhe
optimization process has the following components.

Safety and Environmental Factors

Safety and environmental issues are the most impbdoncerns in every project. In site layout
planning, safety and environmental issues are edfto those that are intensified or lessened $tpnltes
between facilities, e.g. the potential hazard ahsoexplosive materials is reduced by increasing the
distance away from work areas. In this framewohese factors are taken into account as one of the
evaluating factors of site layouts.

User-defined Factors

User-defined factors can be related to hard cansstae.g. non-overlapping between facilities,
soft constraints, e.g. closeness constraints, aadpreferences that should be considered in positg of
facilities.

Simulation Model

The built simulation model is integrated with thgtimization method and used for determining
cost or time factors. The inputs of the simulatmodel are workpackages, required resources, activit
sequences and the feasible site layout, and ipibig the cost or time factors.

Cost/Time Factors

Cost factors are limited to resource costs of wackages, and possible delay penalty costs.
Resource costs of logistic activities, i.e. maten@ndling, equipment and personnel flow, direckypend
on the distances between facilities. On the otla@dhresource costs of main activities and possiblay
penalties indirectly depend on the distance betwaeilities because long distances between fagdlitian
cause late resource availability, which resultsdelays or idleness of resources for performing main
activities. Project time can also be extracted ftbemsimulation model and considered as an alieméd
the cost factors for evaluating site layouts is s@ases.



CONCLUSION

Site layout planning is a challenging process & planning stage of every construction project.
This problem is not easily solved because of nuoeerimfluencing factors and the complexity of
construction projects. Most research conductefli;ydrea has tried to simplify the problem by efiating
some factors and considering only traveling distaaied costs, as well as some safety issues. Howiever
is argued that there is always a trade-off betwaeplifying problems and enhancing the accuracy of
models.

In this paper, by solving a simple example with Igatve and quantitative methods, we
demonstrated that those methods fail to solve problin some cases. We also implemented simulation t
solve the example, and revealed that simulationldcsuccessfully model activity interactions in the
project and find the best layout. In addition, wiscdssed the advantages and challenges of using
simulation in site layout planning, and concludéedttdespite the superiority of simulation over othe
methods, it requires more data than the other mdstfar building a model, and lack of accurate diatide
planning phase can mainly limit simulation applicas. Finally, in order to address how to overcdhes
challenges, and how to integrate available datauress in the planning phase with simulation modsls
well as simulation models with optimization processwve proposed a generic framework. This resdarch
in progress and its outcomes will be presentedithéoming papers.
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