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Site layout planning requires decision makers to identify the planned
location of each temporary construction facility on site. These temporary
facilities include site offices, workshops and storage facilities. Their
planned locations on site have a direct impact on productivity, cost, and
duration of construction. This paper presents a computer model called
“GASITE” helps construction decision makers to carefully evaluate all
feasible locations for these temporary facilities and select an optimal
layout that minimize the cost and travel distance between facilities. The
optimization problem has been solved using genetic algorithms as an
optimization technique .Application of the model is illustrated using an
example .The proposed model is efficient and easy to apply and as such
should be of interest to construction engineers and practitioners.
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INTRODUCTION

Site layout planning consists of identifying the facilities needed to support construction
operations, determining their size, shape and positioning them within the boundaries of
the available on-site or remote areas [1]. Despite the importance of site space as a
resource, site-layout planning is often neglected and the attitude of engineers has been
that it will be done as the project progresses. Good site layout, however, is important to
promote safe and efficient operations, minimize travel time, decrease material handling
and avoid obstructing material and equipment movements, especially in the case of
large Projects [2]. In addition, such a problem becomes far from trivial if a construction
site is confined due to the lack of available space, or if the site is very large, then
traveling between facilities can be considerably time consuming. When temporary site
level facilities are required to be located on a construction site, the locations of
buildings to be constructed are assumed to be known. These locations are used to
define available sites for temporary facilities. Then the problem can be defined as
allocation of predetermined facilities like warehouses, job offices, workshops and
batch plants so as to optimize an objective subject to layout constraints and
requirements. Using such a definition of the problem, formulation in terms of a
combinatorial optimization problem has been attempted. A number of studies were
conducted in order to improve site layout planning in construction projects. These
studies adopted a wide range of methodologies and development tools including neural
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networks, simulation, knowledge-based systems, and genetic algorithms. For example,
Yeh (1995)[3] used annealed neural networks to arrange a set of predetermined
facilities on a set of predetermined locations on construction sites. Several expert
systems and knowledge-based systems were also developed to integrate domain
knowledge of experts and assist in facility layout planning tasks [4, 5, 6]. Other studies
proposed heuristic algorithms including the use of the early commitment criterion to
design site layouts [8]; and the utilization of relative significance and ranking of
temporary facilities [9]. Dawood and Marasini (2001) [7] used simulation to develop a
model that assists managers in designing and managing the layout of stockyards.
Tawfik and Fernando (2001a) [8] integrated simulation with genetic algorithms in an
attempt to optimize site layouts. Genetic algorithms were also used in several studies to
optimize the layouts of construction sites [9, 10, 11]. These genetic algorithms have
shown improvements in the search process for near optimal solutions, especially in this
type of problem that is characterized by a large search space.

GENETIC ALGORITHMS

GA s are search algorithms that are based on the natural selection and genetics to search
through decision space for optimum solutions. GAs employ a random yet directed
search for locating the globally optimal solution. In addition, GAs perform an
intelligent search for a solution from a nearly infinite number of possible solutions.
Typically, GAs require a representation scheme to encode feasible solutions for
optimization problems. Usually, a solution is represented as a linear string called
chromosome whose length varies from one application to another. Some measures of
fitness (objective function) are applied to construct better solutions. Once the
chromosome structure and the objective function are set, the GA evolutionary
procedure takes place on a population of parent chromosomes. Three genetic
operations are required: Reproduction, crossover, and mutation. Reproduction is the
process by which chromosomes with better fitness values receive correspondingly
better copies in the new generation. As the total number of chromosomes in each
generation is kept constant, chromosomes with lower fitness values are eliminated. The
second operator; crossover, is the process in which chromosomes are able to mix and
match their desirable qualities in a random fashion. Crossover (marriage) is conducted
by selecting two parent chromosomes, exchanging their information, and producing off
springs. The exchange of information between parent chromosomes is done through a
random process. Fig. (1) shows a case of double-point crossover, but single-point
crossover may also be used Fig. (2). As an opposite to crossover, mutation, Fig. (3), is
a rare process that resembles the process of a sudden generation of an odd offspring
that turns out to be genius (Goldberg 1989)[12].

Cross point
Parent v ! Child
@ [L]ofof1[1]0]0]0] [1]ofofof1][ofof0] (g
— _
Parent Child
@ Lt[1]1]o]1]of0[1] [1[af11]1]ofof1] p

Fig. (1) Two point crossover
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The benefit of the mutation process is that it can break any stagnation in the
evolutionary process, avoiding local optima.

Cross point

Parent v Child
@ L1]/ojof1f1[of0]0] [1faf1f1]a]ofof0] (1
> _
Parent Child
2 Lt[11fol1]ol0[1] [1[ofofof1]ofof1] (p
Fig. (2) Single point crossover
Before
Mutation [1]ofof1]1]0f0]0]
A crossed-over
chromosome
After

Fig. (3) Mutation

GENETIC ALGORITHMS FORMULATION

The objective function in this present study is to minimize the cost and travel distance
between facilities in construction site layout planning. The total travel cost of resources
can be calculated and minimized using the objective function shown in Eq. (1).

Fitness = Min. [Zn: (Q=C, = di)} ................ (1)
Where : -
d, = [\/(Xi — Xb)? + (Yi —Yb)2J ............... )

where C; = Travel cost rate in EPG/m of distance traveled between facilities i
&building ; di=distance in meters between facilities i and building ; Xi, Yi=coordinates
of center of gravity of facility i; Xb, Yb = coordinates of center of gravity of building ;
n = total number of facilities on site and Q = The required Quantity for transport.

OPTIMIZATION CONSTRAINTS

In the present model, two types of constraints, Fig.(4). are imposed on the generated
solutions to ensure the development of practical site Layout plans (El-Rayes et al.
2005)[13]:

(1) Boundary constraints; and
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(2) Overlap constraints.
The purpose of boundary constraints is to ensure that temporary facilities are
located within the site boundaries, while overlap constraints are required to avoid the
overlap of facilities on site.

l Boundary Constraints [ Overlap Constraints
Y= ============~ B . 2
1 Ly : | E :
| ¥ I
'y i
|
Y D!W" I '
I | I Constructed :
: " : Facility ' |
| ! | @ I
ISite Boundaries B ! | Site Boundari ;
(Sl L AP I olebounganes I
LX Xi UX
Constraints Satisfied If: Constraints Satisfied If:
Yi-Wy22LY;
Y, + W2 s UY; (IX- X 2 L2 + Ly/2)
X;—Lg/2 2 LX; AND OR
X +Lg2 < UX. (IYi-Yil2Ly2 + Ly2)
Facilities B and C are violating the Facilities D, E and F are violating the
boundary constraints overlap constraints

Fig. (4) Optimization constraints

Boundary Constraints

Boundary constraints are examined in this model for each solution using the following
four-steps algorithm in order to ensure that each facility is located within the
boundaries of the site.
1. For each temporary facility i, find the coordinates of its center of gravity (X;
,Y7), and its length in the X direction (L) and width in the Y direction (W,;);
2. In the Y direction, examine the following two conditions: (1) the upper
boundary of each facility (Yi+W,;/2) is less than the upper boundary of the site
space (UY); and (2)the lower boundary of the facility (Yi—W,i/2) is greater
than the lower boundary of the site space (LY), as shown in Fig. (1);
3. If both conditions in Step 2 are satisfied, perform a similar examination in the
X direction; and
4. If all the conditions in Steps 2 and 3 are satisfied, then facility i complies with
boundary constraints. Otherwise, the solution is in violation of this type of
constraint and therefore it should be precluded.

Overlap Constraints

In order to ensure that no overlap occurs between facilities on site, overlap constraints
are examined using the following four steps algorithm.
1. For each temporary facility i, find the coordinates of its center of gravity (X;
,Yi), and its length in the X direction (L) and width in the Y direction (W,;);
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2. To ensure that there are no overlaps between facilities i and j in the X

direction, calculate the absolute difference between the X coordinates

([Xi—X;]) of facilities i and j, and compare it to the average length of the two

facilities in the X direction (L./2+L/2). If [|Xi—Xj|]] > (L./2+Lx/2), then there

is no overlap in the X direction;

Repeat Step 2 for the Y direction; and

4. If overlaps are encountered in both Steps 2 and 3, then there is an overlap
between the two facilities as shown in Fig. (4), and therefore this solution
should be precluded. Otherwise, overlap constraints are satisfied.

GA SITE MODEL

In GASITE [14] model the input phase is designed to help the construction planner
enter and store all the necessary planning data needed to optimize the site layout plan.
GASITE is linked to MATLAB to solve the optimization problem using GA as an
optimizer. GA parameters were tuned to suit this problem. These parameters include:
(1) the population size; (2) the number of generations; (3) the type of crossover and its
probability; (4) the probability of mutation; (5) and the random seed used to randomly
initiate the first population of solutions (Deb,K. 2001)[15]. These genetic parameters
are utilized by the objective optimization function to control the evolution of the
solutions generated during the optimization process which runs until completing the
specified number of generations. After completing the optimization process, the results
are retrieved and visualized in the output phase.

The input data phase includes four steps as follows:

STEP (1):

Enter facilities data as shown in Fig. (5). This data includes, site hame, temporary
facility name, dimensions, material quantity and travel cost per meter.

w

3 |sgat EED

GA SITE .

SITE NAME o

a0

FACILITY DESCRIPTION

NAME
CODE UNIT

LENGTH m  WIDTH m
QUANTITY unit  cosT emnunit

Fig. (5) GASITE main interface
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STEP(2):

The main program screen will appear with three options as shown in Figure (6), the
options are NEW for starting new project, LOAD for restoring an old project and
HELP to learn about GASITE.

) sgad [= (03¢
N GA SITE
NEW \[ NEW | [ LoAD | HELP
LOAD
HELP FOR
Fig. (6) Editing or opening projects
STEP (3) :

In case of new project, by pressing 'new button' project data window .GA SITE asked
the user to define the site coordinates and site name as shown in Fig. (7).

Input
Input coordinates
coordinate X ) for
GA SITE
_____
Write site "
i \
| Presssave
for saving
data and

Figure (7) Entering site dimensions
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STEP (4):

After finished entering data either than stage 3 or 4 press 'calculation & report button'
for show the results. As shown in Fig (8) . After end of analyses process the following
items will appear:
o Two edit boxes shows the value of the objective function as shown in Fig (10),
best and mean fitness of the problem as shown in Fig.(11)
o Plotted figure shows the distribution of temporary facility on site as shown in
Fig. (12).
Excel sheet shows a complete report about the site layout as shown in Fig. (13).

GA SITE
200
HELP [0 1
SITE NAME o ]
_ : a0 1
0
0 50 100 150 200
FACILITY DESCRIPTION
FACELITY NO 1
NAME Reinforcing steel shope 1 =
Carpertry shope 1
Carpertry shope 2
CODE  Ri UNT  ton Comosope
Concrete batch plants
Cement storege REMOVE
LENGTH 16 | M  wDTH 3 M e

t £imton
QUANTITY 30 on cosT & «|| PREVIOUS
>

<

|CALC. & REPORT|

N

For calculating the data

_/ N\

For exit GA SITE

Fig. (8) Complete GASITE data interface

NUMERICAL EXAMPLE

In this section we present an example for a site as shown in Fig. (9). The application
example is analyzed to illustrate the use of the GASITE model and demonstrate its
capabilities in optimizing construction site layouts and generating optimal solution for
objective function.
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The example involves the design of a layout for the site has an area of 40000
m? with dimensions (200 * 200 m) and was required to accommodate the ten
temporary facilities listed in Table (1) .

Using GASITE to solve this problem. The locations of temporary facilities,
however, need to be properly determined in an attempt to minimizing cost and travel
distance between facilities on site. In order to support planners in this important and
challenging task, the present model is applied to search for and identify optimal
locations for all the temporary facilities.

0,200 100, 200 200, 200

BUILDING SITE T. FACILITES SITE

0,0 200,0

Figure (9) Site dimensions

Table (1) the specification of temporary facilities for application example

Facility
Facility Facility name Facility Dimensions . Cost
no. code | Length | Wide unit ) QTY | egpm
m m
1 Reinforcing steel shopl R1 16 8 Ton 80 6.00
2 Reinforcing steel shop2 R2 16 8 Ton 80 6.00
3 Carpentry shopl C1l 12 10 No. 60 1.00
4 Carpentry shop?2 C2 12 10 No. 60 1.00
5 Formwork shopl F1 16 10 M3 120 1.50
6 Formwork shop?2 F2 16 10 M3 120 1.50
7 Concrete batch plants B 16 16 M3 100 1.25
8 Cement storage CM 12 12 Ton 40 1.00
9 Block storage BS 10 10 No./1000 | 70 2.00
10 Warehouse W 15 15 No. 160 1.00
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THE RESULTS

Running GASITE leads to the followings:
e The value of the fitness function.(minimum of the total travelling cot
Fig.(10).
e The mean and the best fitness value of the objective function (Fig. (11) .
e Complete report about site layout as shown in Fig.(12).

THE MINIMIZING COST 15 1.216401&+005

Fig. (10) The Minimizing cost edit box

| Genetic Algorithm

File Edit ‘iew Insert Tools Deskiop Window Help L
w10 Best, Waorst, and Mean Scares
14 T T T T T T T T T
135+ .
1.3+F .
125+ -
12 1 1 1 1 1 1 1 1 |
5 10 15 20 25 a0 35 40 45
Generation
" 1|:|5 Best: 121566 4461 Mean: 121703 055
2 =
b b et Best fitness
2 1F +  Mean fitness
o
=
2 Of
(k]
= i
-1
_2 1 1 1 1 1 | 1 1 1
] o 10 14 20 25 30 35 40 45
Stop Seneration

Fig. (11) The best & main Fitness value
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File Edit Wiew Insert Tools Deskiop ‘Window Help
Dgde | bh|  RRAROTDEML-S 0E o
200
180
160
140
120
1]
100
a0
B0
40
20
]
0 20 40 B0 80 100 120 140 160 180 200

Fig. (12) Distribution of temporary facilities on site

E3 Microsoft Excel - Application example

4 4 » ny sheetl / Sheetz / Sheet3 ), Application example /

Ready

|<

Sum=2078. 30706

E_I] File Edit Wiew Insert Faormat Tools Data  Window  Help
oS EHR 9@ g -0 -|B 7 u|=E
[=i5] - # facility
1AIE!ICIDIE\FIGIHI\IJI|7
2 site name iz Application example
g total cost is 1216840.1 £
4 total distance |is BE7.3368 m
5]
5] facility facility * ¥
7 name code center center
g Reinforcing R1 109.0554  112.873
9 Reinforcing B2 109.0576  102.873
10 Carpentry C1 125271 100.8799
11 Carpentry C2 107.0373 124.0359
12 Forrmwark F1 109.0528 79.85111
13 Formwark F2 109.0558 B7.64435
14 Concrete & B1 109.0205 52.82828
15 Cement st Chd 107.2224  141.6508
1B Block ston BS 106.1155 91.86146
17 W arehous Yy 126.6493 B85.97096
18
19
20 1
|
22 -

Fig. (13) Output report
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CONCLUSION

This paper presents a computer model "GA SITE" used for site layout planning.
GASITE was designed to locate the optimal positions for temporary facilities .The
selection the optimal locations for temporary facilities based on the minimizing cost
and travel distance between facilities. Genetic algorithms were used as an optimization
technique Application example was analyzed to illustrate the use of the model and
demonstrate its capabilities in optimizing construction site layouts. In conclusion, the
use of GASITE can provide the planner with a good site layout planning.
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