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Most researchers have concentrated on studying optimization models to produce optimal construction site lay-
out plans using different algorithms, while the overall method for evaluating and selecting the best site layout
generated from optimization models has received less attention. In an optimization model, construction cost is
generally considered in the objective function. However, several objectives, such as security and tie-in with ex-
ternal transportation, are difficult to quantify in the objective function andwere not considered in previous stud-
ies. This paper focuses on evaluating and selecting the construction site layout considering qualitative objectives.
An intuitionistic fuzzymulti-attribute decision-making model is developed that combines intuitionistic fuzzy set
theory and the technique for order preference by similarity to the ideal solution (TOPSIS). Thismodel overcomes
the shortcomings of a traditional fuzzy set when describing ambiguous and unclear circumstances by using
membership functions. The application of this model for site layout selection is shown to be reasonable and ef-
fective based on data from a real construction project.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Construction site layout planning (CSLP) is a decision-making pro-
cess in which available site facilities are assigned to free locations in
order to satisfy multiple objectives, such as minimum cost, maximum
construction site safety level and efficientmaterial handling. In practice,
project managers need to choose the best construction site layout,
which is a compromise between all the objectives and their criteria,
after evaluating all site layout alternatives. From a research perspective,
this decision-making process can be separated into three stages: the de-
sign stage to develop site layout alternatives, the evaluation and selec-
tion stage to choose an alternative and the output stage to implement
the selected site layout plan.

In previous studies, most researchers addressed CSLP in the design
stage, formulated as either a single-objective or multi-objective optimi-
zation problem. For single-objective CSLP optimization, minimizing
construction cost often determines the site layout [1]. Other typical sin-
gle objectives include the total travel distance [2–5]; the overall cost of
resource transportation per day [6]; the sumof construction costs in the
site layout considering material handling, facility erection, re-handling
and working area personnel facilities [7]; and the relation of distance
(work flow, information flow, level of safety and environment,

personnel preference) between the facilities [8,9]. Amulti-objective op-
timization CSLP problem includes objectives other than construction
cost, such as safety [10,11], security [12], total potential energy [13], de-
bris and wildlife control criteria [14]. The types of objective functions
used by different researchers vary considerably. To find optimal solu-
tions of site layout, different advanced algorithms, such as the genetic
algorithm [15] and ant colony optimization algorithm [10], are used to
consider preset quantitative objective functions.

This paper focuses on the evaluation and selection stage that has
previously received little attention. In a previous study of the design
stage, site layout plans were generated using optimization algorithms
that considered quantitative objective functions such as cost and travel
distance. Qualitative objectives, such as the tie-in with external trans-
portation, are difficult to quantify and were therefore not considered
in the design stage; however, these objectives should be considered as
criteria for selection. With pre-defined criteria, the cardinal class meth-
od, which can be used for evaluating and selecting the final site layout
among the solutions derived by the optimization algorithms according
to qualitative attributes, needs further study. Therefore, this paper pre-
sents a study of a multi-attribute decision making (MADM) model that
includes the cardinal class method to identify cardinal preferences for
site layout alternatives with pre-defined qualitative attributes.

This research aims to develop a MADM model to identify the best
site layout plan based on many optimal solutions of site layouts from
the design stage. The technique for order preference by similarity to
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the ideal solution (TOPSIS) combined with the intuitionistic fuzzy set
(IFS) theory are applied in the model [16–18]. IFS is superior to a tradi-
tional fuzzy set for assessing a fuzzy environment when decision-
makers have difficulty describing an attribute's degree of ‘excellence’
or for more readily expressing why they dislike an attribute. The pro-
posedmodel uses linear programming to deduce the attributes' weights
by conducting an intuitionistic fuzzy assessment of the attributes' im-
portance. Within the established model framework, ten key attributes
were selected from 23 attributes collected from a literature review.
The proposed model and the key attributes can help site managers se-
lect construction site layout plans. Thefinal output of themodel will ful-
fill the required attributes for an efficient site plan. This paper treats site
layout planning as a decision-makingmodel and focuses on the evalua-
tion and selection stage, which has received little attention in previous
research.

First, the cardinal class method used in the MADM model is
reviewed to illustrate the reason for adopting TOPSIS. Second, the
model and the process of applying the model in site layout selection
are described in detail. Finally, the model is applied to a real construc-
tion project.

2. Cardinal class method used in decision-making

Cardinal classmethods are required if decision-makers can offer car-
dinal preferences of attributes. Thesemethods include the analytic hier-
archy process (AHP), TOPSIS, simple additive weighting, ELECTRE
(i.e., elimination et choix traduisant la réalité), median ranking and
the weighted product method. However, there is no special rule for
the selection of MADMmethods, which is itself a problem [16].

In construction management, AHP is the most widely used cardinal
class method because of its simplicity, ease of understanding and ease
of implementation. AHP can help decision-makers when they are
confronted with different choices during the management process. In
AHP, the decision-makers estimate ranking priorities for alternatives
by conducting pair-wise comparison judgments [19].

During the application process, decision-makers do not need to
formulate goal equations and do not need to be knowledgeable about
goals and priorities [20]. The key element of AHP is to build a judgment
matrix by determining the relative importance of each criterion and in-
dicating preferences regarding the importance of each alternative. The
disadvantage of this method is the use of pair-wise comparison to eval-
uate alternatives. It is very difficult to accurately determine relative im-
portance when comparing one factor to another, and it is difficult to
quantify degrees into a nine-scale table or other mutually reciprocal
table [20].

TOPSIS was developed to find the best solution for MADMproblems
[16]. The solution should represent the furthest distance from the
negative-ideal solution and the closest distance to the positive-ideal
solution. The merits of TOPSIS include the merits of AHP, such as sim-
plicity, ease of understanding, ease of implementation, and no goal for-
mulation or prioritization. TOPSIS overcomes the disadvantage of
tedious pair-wise comparison. In TOPSIS, the evaluator does not need
to make comparisons of the alternatives' relative importance or give
crisp data to describe the degree of relative importance.

In the proposed MADM system, TOPSIS is integrated with
intuitionistic fuzzy set to estimate and find the best site layout
among construction site layout alternatives. With the application
of intuitionistic fuzzy TOPSIS, the positive-ideal solution and
the negative-ideal solution are easily identified because the
intuitionistic fuzzy set can be used to quantitatively describe person-
al preferences by simultaneously using the membership and non-
membership functions. Combining IFS and TOPSIS amplifies the ad-
vantages of each. Intuitionistic fuzzy TOPSIS can improve the validity
of MADM problems when facing vague perceptions in construction
management.

3. Multi-attribute decision-making model for construction site
layout

The intuitionistic fuzzy set (IFS) theory was introduced by Krassimir
Atanassov [21] as an extension of the fuzzy set theory by Lotfi Zadeh
[22]. In classical fuzzy set, each element's belonging degree to the set
under consideration is expressed by a membership function, whose
value can be a number in the interval [0, 1]. Decision-makers typically
have difficulty describing an attribute's degree of ‘excellence’ and can
more readily express why they dislike an attribute. Thus, it is appropri-
ate to adopt IFS instead of a traditional fuzzy set to rate an alternative
criterion.

The intuitionistic fuzzy set theory assesses elements using
three functions: a membership function, μ(x) (0≤μ(x)≤1); a non-
membership function, ν(x) (0≤ν(x)≤1); and a hesitation margin func-
tion, π(x) (0≤π(x)≤1) that may be appropriate in circumstance when
people have opinions that include two or more answers of the type
“yes”, “no” and “I have no idea” or “I wonder”. The hesitation margin
function π(x) is used to address a situation in which someone is uncer-
tain of an element's degree of membership or non-membership.

The process of applying the proposed multi-attribute model is illus-
trated in the flowchart in Fig. 1. The model applies the IFS logic and the
TOPSIS principles [23,24]. In Part 1, the IFS logic is applied to evaluate
site layout alternatives. In Part 2, the TOPSIS principles are used to pro-
duce an optimized solution and select the most effective layout for a
construction project.

3.1. Part 1: using IFS to evaluate construction site layout alternatives

For a given construction site, there are n alternative layouts,
x1 ,x2 , . . . ,xn, which are represented mathematically as the set
X=[x1,x2, ... ,xn]. The objective of the model is to find themost effective
layout among the n alternatives using an optimization process. To eval-
uate the performance of each alternative, attributes a1 through am are
used in terms of an attribute set, A=[a1,a2,… ,am]. The rating of alter-
native xi for attribute aj is expressed as (μij, νij), where μij and νij are
the degrees ofmembership and non-membership, respectively. The rat-
ing matrix of the model is given below:

a1 a2 ⋯ am

R ¼
x1
x2
⋯
xn

μ11;ν11ð Þ μ12;ν12ð Þ ⋯ μ1m;ν1mð Þ
μ21;ν21ð Þ μ22;ν22ð Þ ⋯ μ2m;ν2mð Þ

⋮ ⋮ ⋮ ⋮
μn1;νn1ð Þ μn2;νn2ð Þ ⋯ μnm;νnmð Þ

2
664

3
775 ð1Þ

where 0≤μij≤1; 0≤νij≤1; and 0≤μij+νij≤1.
In previous research, the weights of the attributes were often

derived from the importance level of the attributes, which can be mea-
sured on a scale of 1–5 or by using pair-wise comparisons. The
weighting method or AHP can be used to calculate final weights. How-
ever, it is difficult for the evaluator to express an attribute's degree of
‘importance’ or to accurately determine relative importancewhen com-
paring one factor to another in pair-wise comparisons. Thus, it is appro-
priate to adopt IFS instead of a traditional fuzzy set to describe
importance level and to use linear programming to derive attribute
weights.

Let αj, βj and τj be the membership function, the non-membership
function, and the hesitation margin of attribute aj to the fuzzy concept
“importance”, respectively. The hesitation margin can be used in calcu-
lating the best final results (and theworst results) thatwe can expect in
a process; this margin leads toward a final optimal result by adding the
value of the hesitationmargin, τj, to increase the evaluation (or decrease
the evaluation). An attribute in IFS can be expressed as Z={bxi,μA(xi),

νA(xi),πA(xi)N |xi∈X}. The attribute weight of ~wj (∑
m

j¼1
~wj ¼ 1) is within

the closed interval [αj ,αj+τj] for τj=1−αj−βj. To obtain the positive
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