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Abstract. On many construction projects, especially building projects, 80–90% of the tasks are performed by subcon-
tractors. Since the success of the project highly depends on the performances of the subcontractors, selecting the right 
subcontractor for the right job is critical. Main contractors generally tend to select the subcontractors that offer the low-
est bid price. However, working with unqualified and insufficiently financed subcontractors may result in inefficiencies 
and failures. Thus, a combination of several compromising and conflicting criteria underpinning financial capacity and 
competencies of the subcontractors should be considered during the subcontractor selection process. This paper proposes 
an integrated decision approach, which employs analytic hierarchy process (AHP) and preference ranking organization 
method for enrichment evaluations (PROMETHEE) together, for the subcontractor selection problem. In the proposed 
approach, AHP is used to analyze the structure of the subcontractor selection problem and to determine the weights of 
the criteria, and PROMETHEE is employed to obtain complete ranking and perform sensitivity analysis by changing 
the weights of criteria. The proposed approach is applied to a problem of selecting the most appropriate subcontractor 
to be worked with in an international construction project. Company management found the proposed decision approach 
satisfactory and implementable in future subcontractor selection problems.
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Introduction

A subcontractor is a construction company that contracts 
with a main contractor to undertake specific tasks on a 
project as part of the overall contract and may supply la-
borers, materials, equipment, tools, and designs (Arditi, 
Chotibhongs 2005; Eom et al. 2008). Subcontractors can 
be classified according to the services and/or resources 
they supply. Mbachu (2008) categorized subcontractors 
into three types, which are: 1) trade contractors that spe-
cialize on specific trades such as paintwork, brickwork, 
etc.; 2) specialist subcontractors that carry out special-
ist services such as electrical, plumbing, insulation, etc.; 
and 3) the labor-only-subcontractors that provide labor-
only services such as skilled craftsmen. Ng et al. (2009) 
classified subcontractors into two main types, which are: 
1) equipment-intensive subcontractors that are predom-
inantly hired as a result of their specialized plant and 
equipment; and 2) labor-intensive subcontractors that 
are mainly hired on the basis of their specialized labor 
resources. Nowadays, in most construction projects, 
main contractors only act as construction management 
agents (Cooke, Williams 1998; Arslan et al. 2008) and 
are more involved in site organization and management 
tasks (Humphreys et al. 2003), and subcontract large 

portions or all of the specialized work on their projects 
to subcontractors. In other words, subcontractors carry 
out the actual production work whereas main contrac-
tors only control whether the work is performed accord-
ing to the conditions specified in the main contract and 
related specifications (Ulubeyli et al. 2010). On many 
construction projects, especially building projects, 80–
90% of the tasks are performed by subcontractors (Hinze, 
Tracey 1994). 

In past decades, subcontracting was not practiced 
as widely as it is today. There are several reasons why 
main contractors rely heavily on the services of subcon-
tractors. First, the complexity of the construction projects 
has considerably increased. Thus, it is not possible for an 
average main contractor to complete such complex proj-
ects by himself. Second, the average main contractor is 
not able to afford full-time employment of skilled crafts-
men in each of the several specialized trades needed to 
complete the construction projects. Third, it is not fea-
sible for main contractors to own, operate, control, and 
maintain specialized plants and equipment that may have 
only limited use throughout the project. Fourth, subcon-
tractors are able to carry out their specialized tasks more 
quickly at a lower cost with higher quality than the main 
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contractor because of their unique skills (Hsieh 1998; Ar-
diti, Chotibhongs 2005; Choudhry et al. 2012). Another 
reason for subcontracting is that the main contractor may 
ease cash flow problems and the challenge of financing 
the project by subcontracting a large portion of the work. 
Furthermore, the main contractor shares his risks on the 
project with the subcontractors, which enables main con-
tractors to survive volatile and uncertain conditions of 
the construction industry (Mbachu 2008; Choudhry et al. 
2012). Although subcontracting offers several benefits to 
main contractors, it is a rather risky practice. In general, 
the main contractor enters into contractual arrangements 
with the subcontractors, and is fully responsible to the 
owner for the performance of the subcontractors in terms 
of time, cost, and quality. In construction projects where 
a large portion of the works is subcontracted out, if the 
main contractor does not have sufficient construction 
management skills, he may likely fail to coordinate and 
control the quality and progress of the works of the sub-
contractors, which in turn may bring about project de-
faults (Cooke, Williams 1998; Okoroh, Torrance 1999; 
Kumaraswamy, Matthews 2000; Cox et al. 2006; Karim 
et al. 2006; Ng et al. 2009). In this context, the success 
of the main contractor in a construction project highly 
depends on the performances of the subcontractors in-
volved in the project in question (Ng et al. 2009). There-
fore, selecting the right subcontractors is crucial not only 
to successful project delivery but also the performance, 
reputation, and survival of the main contractors (e.g. 
Shash 1998; Arslan et al. 2008; Mbachu 2008; Hartmann 
et al. 2009; Hartmann, Caerteling 2010). 

Despite of the fact that selecting appropriate sub-
contractors is pivotal to overall project performance, 
main contractors generally do not have adequate time 
to search for all potential subcontractors to be worked 
with, communicate with them, and evaluate them sys-
tematically (Tserng, Lin 2002; Ulubeyli et al. 2010) as 
subcontractors are commonly selected after the main 
contractor signs the contract with the owner and only 
when subcontractors’ portion of the work is near. There-
fore, main contractors either tend to select the subcon-
tractors based on the lowest bid price (Tserng, Lin 2002; 
Luu, Sher 2006; Arslan et al. 2008; Mbachu 2008; Hart-
mann et al. 2009) or prefer to work with familiar sub-
contractors that had already done business with them in 
previous projects (Tserng, Lin 2002; Arslan et al. 2008; 
Ulubeyli et al. 2010; Choudhry et al. 2012). Considering 
the lowest price as the only award criterion may cause 
main contractors to select unqualified, incompetent, inex-
perienced, and insufficiently financed subcontractors, and 
thereby lose a huge amount of money in the long run. In-
deed, selecting inappropriate subcontractors could induce 
immense additional costs such as reworks due to poor 
quality of work, claims, disputes, litigations, adversar-
ial working conditions, penalties, abandonment of work, 
bankruptcy, etc. Therefore, main contractors should con-
sider not only the bid price but also several compromis-

ing and conflicting criteria underpinning financial capac-
ity and competencies of the subcontractors (Arslan et al. 
2008; Mbachu 2008; Ulubeyli et al. 2010). Selecting 
the known subcontractors offers several benefits to main 
contractors such as flexibility, stability, mutual trust, and 
decrease of transaction and search costs. In spite of these 
benefits, working with known subcontractors may bring 
about some problems such as the managerial bottlenecks 
resulted from personal relationships, difficulties in cost 
control and adoption of new technological skills and in-
novations, inefficiencies in subcontractor selection and 
negotiation processes due to limitations on finance, man-
power, time, and information (Tserng, Lin 2002). 

The main objective of this study is to propose an 
integrated decision approach, which employs AHP and 
PROMETHEE together, for the selection of the most ap-
propriate subcontractor among a set of available alterna-
tives considering several compromising and conflicting 
criteria. In the proposed approach, AHP is used to an-
alyze the structure of the subcontractor selection prob-
lem and to determine the weights of the criteria, and the 
PROMETHEE method is employed to obtain complete 
ranking and perform sensitivity analysis by changing the 
weights of criteria. In order to illustrate how the pro-
posed approach can be used in a real situation, it was 
applied to a problem of selecting the most appropriate 
subcontractor to be worked with in an international con-
struction project. 

The integration of AHP and PROMETHEE meth-
ods have been successfully implemented in various fields 
such as information systems outsourcing (Wang, Yang 
2007), equipment selection (Dagdeviren 2008), policy 
scenario selection (Turcksin et al. 2011), supply chain 
risk prioritization (Venkatesan, Kumanan 2012), and 
mining method selection (Bogdanovic et al. 2012). 

1. Previous studies in contractor/subcontractor 
selection methods

In the construction management literature, a great num-
ber of studies have dealt with the problem of evaluating/
selecting contractor. These studies have different focuses. 
While some of them attempted to identify the most com-
monly used assessment criteria for bid evaluation (e.g. 
Wong et al. 2000; Singh, Tiong 2006; Waara, Bröchner 
2006; Bendaña et al. 2008), the remainders proposed var-
ious contractor evaluation/selection methodologies, tools, 
and methods. In this section, some of these studies are 
briefly mentioned. Holt et al. (1994) provided example 
applications of multi-attribute analysis for selecting con-
tractors. Hatush and Skitmore (1998) used multi-criteria 
utility theory for evaluating construction bidders. Elazou-
ni and Metwally (2000) employed linear programming as 
a decision support system for subcontracting construc-
tion works. Palaneeswaran and Kumaraswamy (2000) 
developed a model for contractor prequalification and bid 
evaluation in design and build projects. Fong and Choi 
(2000) proposed an approach employing the analytical 
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hierarchy process for final contractor selection. Alarcón 
and Mourgues (2002) developed a system for evaluating 
and selecting contractor. In this system, the contractor’s 
performance is predicted and used as one of the criteria 
for selection. Sönmez et al. (2002) applied evidential rea-
soning to prequalifying and selecting construction con-
tractors. Mahdi et al. (2002) proposed the use of multi-
criteria approach in contractor selection. Cheng and Li 
(2004) developed a model using the analytic network 
process for contractor selection. Topcu (2004) proposed 
a decision model for construction contractor selection 
in Turkey. Singh and Tiong (2005) developed a fuzzy 
decision framework for contractor selection. Zavadskas 
et al. (2005) applied game theory to selecting dwelling 
maintenance contractors. Zavadskas and Vilutiene (2006) 
presented a model based on the multiple criteria analysis 
for selecting dwelling maintenance contractors. Zavads-
kas et al. (2008) presented a contractors’ assessment and 
selection model based on the multi-attribute methods 
in a competitive and risky environment. Brauers et al. 
(2008) applied the MOORA method, which is based on 
ratio analysis and dimensionless measurement, to rank 
the contractors objectively. They approached the larg-
est maintenance contractors of dwellings in Vilnius as 
an application. Bendaña et al. (2008) employed fuzzy-
control approach and built artificial neural network for 
selecting contractors. Juan et al. (2009) proposed a hy-
brid approach that combines fuzzy set theory and quality 
function deployment (QFD) to select housing refurbish-
ment contractor. Zavadskas et al. (2009a) demonstrated 
the concept of general contractor choice on the basis of 
multiple attributes of efficiency with fuzzy inputs apply-
ing COPRAS-G method through a case study. Zavads-
kas et al. (2009b) presented the comparative analysis of 
dwelling maintenance contractors aimed at determining 
the degree of their utility for users and bidding price of 
services by applying the method of multi-criteria com-
plex proportional assessment. Darvish et al. (2009) ap-
plied the graph theory and matrix methods to selecting 
contractor. Bendaña-Jácome et al. (2010) applied neural 
networks to extract knowledge for contractor selection 
in traditional design-bid-build projects. Zavadskas et al. 
(2010) proposed the use of SAW-G and TOPSIS Grey 
Techniques in contractor selection. Arslan (2012) devel-
oped a web-based contractor evaluation system (WEB-
CONTEST) by which the contractors can be evaluated 
based on a combined criterion. 

In addition to the studies dealing with the problem 
of evaluating/selecting contractor, few studies focused 
on subcontractor selection. Albino and Garavelli (1998) 
discussed an application of neural networks to support 
general contractor management in subcontractor rating. 
Okoroh and Torrance (1999) proposed a fuzzy model for 
the selection of subcontractors in refurbishment proj-
ects. Kumaraswamy and Mathews (2000) showed how 
partnering principles can be applied to the subcontractor 
selection process. Tserng and Lin (2002) developed an 

integrated XML (eXtensible Markup Language) of Ac-
celerated Subcontracting and Procuring (ASAP) model 
using the combination of the quick mechanism of in-
formation technology with portfolio theory in financial 
management. Ip et al. (2004) developed a branch and 
bound algorithm for subcontractor selection and applied 
this approach to an experimental example drawn from 
an actual construction project of coal-fire power station. 
Luu and Sher (2006) developed a case-based reasoning 
procurement advisory system for subcontractor selection. 
Ko et al. (2007) developed Subcontractor Performance 
Evaluation Model (SPEM) using an Evolutionary Fuzzy 
Neural Inference Model (EFNIS) as a learning and infer-
ence engine to perform the assessment process. Arslan 
et al. (2008) developed a web-based subcontractor eval-
uation system (WEBSES) that enables main contractors 
to evaluate the subcontractors based on a combined cri-
terion. Abbasianjahromi et al. (2013) developed a com-
prehensive model for subcontractor selection based on 
the fuzzy preference selection index.

This study aims to make the subcontractor selection 
process more objective, less complex, less time consum-
ing, and more user friendly by proposing a decision ap-
proach. For this purpose, an integrated decision approach, 
which employs AHP and PROMETHEE together, is de-
veloped to help construction companies, namely main 
contractors, for the selection of the most appropriate 
subcontractor among a set of available alternatives. The 
proposed approach is applied to a problem of selecting 
the most appropriate subcontractor to be worked with in 
an international construction project.

2. Subcontractor selection process

It is commonly acknowledged that there is a need for 
objective decision-making through reliable subcontrac-
tor evaluation criteria and methodologies in subcontrac-
tor selection practice (e.g. Tserng, Lin 2002; Arslan et al. 
2008; Eom et al. 2008; Ulubeyli et al. 2010). However, 
formulizing the problem of subcontractor evaluation is 
very complicated as it is affected by the combination of 
several quantitative and qualitative factors (Albino, Ga-
ravelli 1998; Luu, Sher 2006) and there is no consensus 
about the factors that should be taken into account dur-
ing the subcontractor evaluation process. In the literature, 
various subcontractor selection criteria have been pro-
posed by several researchers. The most frequently cited 
subcontractor selection criteria are presented in Table 1.

As seen in Table 1, a great number of criteria have 
been proposed for subcontractor selection and this list 
can easily be extended. However, when the number of 
criteria increases, the subcontractor selection becomes 
more complex as qualifying candidate subcontractors 
based on each criterion becomes very difficult. Moreover, 
it is not an easy task for main contractors to evaluate in 
advance the quality of resources, capacities and capabil-
ities of the subcontractors, especially unknown subcon-
tractors (Ngowi, Pienaar 2005). Therefore, the number 



Journal of Civil Engineering and Management, 2016, 22(8): 1042–1054 1045

of the criteria used in the subcontractor selection process 
should be low enough to assure that the decision-makers 
can easily evaluate all potential subcontractors based on 
these criteria and high enough to guarantee that all of 
the principal criteria are incorporated into the decision 
mechanism. 

3. Principles of AHP and PROMETHEE methods

In this section, the principles of AHP and PROMETHEE 
methodologies will be briefly described. 

3.1. The AHP method
AHP, first developed by Saaty (1980), is one of the most 
commonly used techniques for solving complex multi-
criteria-decision-making (MCDM) problems. The main 
idea behind AHP is to divide complicated and unstruc-
tured multi-criteria-decision problems into manageable 
and measurable components. AHP comprises six main 
steps, which are (Saaty 1980): 
1. Define the decision problem and determine its goal.
2. Establish the decision hierarchy in which the highest 

level denotes the goal of the decision problem, the 
middle level represents multiple criteria, and the low-
est level indicates the alternatives. This hierarchy in-
dicates a relationship between the elements of a level 
with those of the level immediately below.

3. Compare the elements in the corresponding level in 
pairs according to their levels of influence on the spec-
ified element in the higher level of the decision hierar-
chy. In AHP, multiple pairwise comparisons are made 

based on a standardized nine-point scale of measure-
ment. This scale of nine levels converts the human 
preferences between available alternatives as equal 
importance, weak importance, strong importance, very 
strong importance, and absolute importance. 

Let C = {Cj | j = 1, 2, …, n}be the set of criteria. 
The result of the pairwise comparison on n criteria can 
be summarized in an (n × n) evaluation matrix A in 
which every element aij (i, j = 1, 2, . . . , n ) is the quo-
tient of weights of the criteria, as shown in Eqn (1): 
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where: aii = 1, aji = 1/aij, aij ≠ 0. 
This requires n x (n – 1)/2 pairwise comparisons.

4. Synthesize all of the pairwise comparison matrices to 
find the relative priority for each criterion/alternative. 
This process includes two main steps: First, each ele-
ment of a pairwise comparison matrix is divided by its 
column total to establish normalized pairwise compar-
ison matrix. Then, the average of the elements in each 
row of the normalized pairwise comparison matrix is 
calculated to develop priority vector. 

5. Determine the consistency ratio (CR) of the pairwise 
comparisons. The steps in determining the consistency 
ratio are as follows: First, the weighted sum matrices 
are established through multiplying pairwise compar-
ison matrices by priority vectors. Second, the eigen-
values are computed by dividing all the elements of 

Table 1. The most frequently cited subcontractor selection criteria

Subcontractor selection criteria Sources

Bid price
Cooke and Williams (1998), Okoroh and Torrance (1999), Mbachu (2008), Eom et al. 
(2008), Arslan et al. (2008), Hartmann et al. (2009), Hartmann and Caerteling (2010), 
Choudhry et al. (2012)

Financial status Cooke and Williams (1998), Okoroh and Torrance (1999), Arslan et al. (2008)
Adequacy of resources (workers, 
equipment, materials, etc.) Cooke and Williams (1998), Mbachu (2008), Arslan et al. (2008), Choudhry et al. (2012)

Experience in similar works Cooke and Williams (1998), Okoroh and Torrance (1999), Mbachu (2008),  
Arslan et al. (2008)

Current commitment/workload Cooke and Williams (1998)

Quality performance Cooke and Williams (1998), Okoroh and Torrance (1999), Eom et al. (2008), Arslan et al. 
(2008), Hartmann et al. (2009), Hartmann and Caerteling (2010), Choudhry et al. (2012)

Safety performance Okoroh and Torrance (1999), Eom et al. (2008), Arslan et al. (2008)
Experience in the construction 
industry Okoroh and Torrance (1999), Arslan et al. (2008)

Ability to complete work on time Okoroh and Torrance (1999), Mbachu (2008), Eom et al. (2008), Arslan et al. (2008), 
Choudhry et al. (2012)

Technical competence Cooke and Williams (1998), Okoroh and Torrance (1999), Eom et al. (2008);  
Hartmann et al. (2009), Hartmann and Caerteling (2010)

Relationship with the main 
contractor

Cooke and Williams (1998), Okoroh and Torrance (1999), Mbachu (2008),  
Hartmann et al. (2009), Hartmann and Caerteling (2010), Choudhry et al. (2012)

Reputation/compliance with 
company image Cooke and Williams (1998), Okoroh and Torrance (1999), Arslan et al. (2008)

Accessibility to the subcontractor Okoroh and Torrance (1999), Arslan et al. (2008)
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the weighted sum matrices by their respective priority 
vector element. Third, the principal eigenvector (λmax) 
is calculated by taking the average of the eigenvalues. 
Fourth, the consistency index (CI) is computed using 
Eqn (2):

 ( )max( ) / 1CI n n= λ − − , (2)
where: λmax is the principal eigenvalue and n is the 
matrix size.

6. Finally, CR is calculated using Eqn (3):

 /CR CI RI= ,  (3)
where: RI is the random index. 

The CR is acceptable; if it is lower than 0.10. Oth-
erwise, the judgment matrix is considered to be incon-
sistent and the pairwise comparisons should be reviewed 
and improved in order to obtain a consistent matrix. 

3.2. The PROMETHEE method
The PROMETHEE method is one of the most commonly 
used multi-criteria-decision-making methods. It is a quite 
simple outranking method for a set of alternatives to be 
ranked and selected among multiple conflicting criteria. 
The PROMETHEE family of outranking methods, in-
cluding the PROMETHEE I for partial ranking of the al-
ternatives and the PROMETHEE II for complete ranking 
of the alternatives, were first developed by Brans in 1982 
(Brans, Mareschal 2005). Several versions of the PRO-
METHEE methods such as PROMETHEE III for ranking 
based on interval, the PROMETHEE IV for complete or 
partial ranking of the alternatives when the set of viable 
solutions is continuous, the PROMETHEE V for prob-
lems with segmentation constraints, the PROMETHEE 
VI for the human brain representation, the PROMETH-
EE GDSS for group decision-making, the visual interac-
tive module GAIA (Geometrical Analysis for Interactive 
Aid) for graphical representation, the PROMETHEE TRI 
for dealing with sorting problems, and the PROMETHEE 
CLUSTER for nominal classification were developed to 
solve complicated decision-making situations (Macha-
ris et al. 1998; Brans, Mareschal 2005; Behzadian et al. 
2010). In this study, three PROMETHEE tools will be 
used to analyze the subcontractor selection problem, 
which include: 1) the PROMETHEE I partial ranking; 2) 
the PROMETHEE II complete ranking; and 3) the Geo-
metrical Analysis for Interactive Aid (GAIA).

PROMETHEE comprises eight main steps, which 
are (Brans, Mareschal 2005; Dagdeviren 2008; Be-
hzadian et al. 2010): 
1. Determine the criteria (j = 1, ..., k) and the set of pos-

sible alternatives (A) of a decision problem.
2. Determine the weights of the criteria. These weights 

are non-negative numbers, independent from the meas-
urement units of the criteria. The higher the weight, 
the more important the criterion. Let the set {wj, j = 1, 
..., k} represents the weights of relative importance of 
the different criteria. Then:

 1
1

k

j
j

w
=

=∑ . (4)

Several techniques can be used to determine the 
weights of the criteria. In this study, the AHP method 
is preferred.

3. Determine the preference function, which translates 
the difference between the evaluations obtained by two 
alternatives into a preference degree ranging from zero 
to one, for each criterion. Six types of preference func-
tions were proposed: 1) usual; 2) U-shape; 3) V-shape; 
4) level; 5) linear; and 6) Gaussian. The preference 
structure of PROMETHEE is based on pairwise com-
parisons, which means that the deviation between the 
evaluations of two alternatives on a particular criterion 
is taken into account: 

 
( ) ( ),  ,j j jP a b F d a b =    j = 1,…,k,   (5)

where: Pj (a, b) denotes the preference of alternative 
a with regard to alternative b on each criterion j as a 
function of the dj (a, b), which is defined as:

 ( ) ( ) ( ), –dj a b gj a gj b= , (6)

where: gj(a) is the evaluation of alternative a on the 
criterion j, and gj(b) is the evaluation of alternative b 
on the criterion j.

4. Determine the threshold values for each criterion, 
which are; 1) the value of an indifference threshold 
(q), 2) the value of a strict preference threshold (p), 
and 3) the Gaussian threshold (s). Indifference thresh-
old q is the largest deviation to consider as negligible 
on that criterion. Preference threshold p is the smallest 
deviation to consider decisive in the preference of one 
alternative over another. Gaussian threshold s is only 
used with Gaussian preference function and it is an 
intermediate value between p and q. 

5. Calculate aggregated preference indices: 

 
( ) ( )

1
, ,

k

j j
j

a b P a b w
=

π = ∑ ,  (7)

where: π(a, b) is expressing with which degree a is 
preferred to b over all the criteria.

6. Calculate outranking flows (The PROMETHEE I par-
tial ranking). Each alternative a is facing other alterna-
tives in A. Two outranking flows are defined:

The positive outranking flow:

 
( ) ( )1 ,

1 x A
a a x

n
+

∈
φ = π

− ∑ . (8)

The negative outranking flow:

 
( ) ( )1 ,

1 x A
a x a

n
−

∈
φ = π

− ∑ ,  (9)

where: φ+(a) is the positive outranking flow that de-
notes the measure of outranking character of alterna-
tive a (how a dominates all other alternatives of A), 
φ–(a) is the negative outranking flow that denotes the 
measure of outranked character of alternative a (how 
a is dominated by all other alternatives of A), and n is 
the number of alternatives.

    aPb if: ( ) ( ) ( ) ( ) and ;a b a b+ + − −φ > φ φ < φ  
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or
( ) ( ) ( ) ( ) and a b a b+ + − −φ > φ φ = φ ; 

or
( ) ( ) ( ) ( ) and a b a b+ + − −φ = φ φ < φ ; 

aIb if: ( ) ( ) ( ) ( ) and a b a b+ + − −φ = φ φ < φ ; 
aRb if: ( ) ( ) ( ) ( )  and a b a b+ + − −φ = φ φ > φ ; 
or

 ( ) ( ) ( ) ( ) and a b a b+ + − −φ < φ φ < φ ,  (10)

where P, I and R, respectively stand for preference, 
indifference and incomparability

7. Calculate net outranking flow (The PROMETHEE II 
complete ranking):

 ( ) ( ) ( ) ,a a a+ −φ = φ − φ   (11)

where: φ(a) is the net outranking flow for alternative a. 
The alternative with the higher net flow is considered 
to be superior. 

8. Generate a geometrical analysis for interactive aid 
(GAIA) plane. This plane displays the relative posi-
tion of the alternatives graphically, in terms of contri-
butions to the criteria. Principal Component Analysis 
(PCA) is applied to the matrix of normed flows:

 
( ) ( ) ( )1 , , .

1j j j
b a

a P a b P b a
n ≠

 φ = − − ∑   (12)

3.3. Proposed AHP-PROMETHEE integrated  
approach
In this study, an integrated approach, which consists of 
AHP and PROMETHEE methods, is proposed for select-
ing the most appropriate subcontractor. The proposed ap-
proach is composed of four main stages, which include:
1.  Data gathering. In this stage, the decision making 

team, whose members are responsible for evaluating 
and/or selecting subcontractors, is formed, the criteria 
that will be used by a construction company in the 
subcontractor selection process and alternative subcon-
tractors are determined, and the decision hierarchy is 
developed. It should be noted that these criteria may 
greatly vary from company to company for several 
reasons such as the company’s strategic plan, size, ca-
pacity, specialty level, human resources, equipment, 
ongoing projects, etc. Therefore, every construction 
company should determine their own criteria. In the 
last step of this stage, the decision making team ap-
proves the decision hierarchy. 

2.  AHP computations. In this phase, pairwise comparison 
matrices are formed to determine the weights of the 
criteria used in the subcontractor evaluation process, 
the decision making team members make individual 
evaluations to determine the values of the elements 
of the pairwise comparison matrices, the weights of 
the criteria are calculated using the geometric mean 
of the values obtained from individual evaluations, a 
final pairwise comparison matrix is formed, and the 
decision making team approves the calculated weights 
of the criteria. 

3.  PROMETHEE computations. In this stage, the deci-
sion making team determines and approves prefer-
ence functions and parameters, and the subcontractor 
priorities are found by using PROMETHEE calcula-
tions. Partial ranking with PROMETHEE I, complete 
ranking with PROMETHEE II, and GAIA plane are 
determined. 

4.  Decision making. In this phase, the most appropriate 
subcontractor is selected based on the rankings and 
GAIA plane provided by PROMETHEE I and II.

4. A numerical application of the proposed  
approach

A case study is presented in order to illustrate how the 
proposed approach can be applied in a real situation. In 
the present case, a general contractor, which predomi-
nantly undertakes international projects and is mainly 
specialized in airport construction, intends to subcontract 
the asphalt work of a car park with the area of 35,500 m2 
to a qualified subcontractor. Abdul-Malak and Hassanein 
(2001) investigated quality- and time-related construction 
disputes that have arisen in a major asphalt works sub-
contract awarded on a large airport construction program. 
They stated that subcontracting this type of operation to 
a competent subcontractor is vital for preventing poten-
tial disputes and improving overall project performance. 

4.1. Data gathering
First, the decision making team was formed. This team 
consisted of three civil engineers, who were the employ-
ees of the contractor, had at least 20 years of experi-
ence in the construction industry, were the members of 
the project management team in the studied project, and 
were in charge of the subcontractor selection process. 
This decision making team selected six subcontractors 
(i.e. SC-1, SC-2, SC-3, SC-4, SC-5, SC-6) for further 
evaluation and determined eleven criteria, namely bid 
price (C1), financial status (C2), number of key person-
nel (C3), number of pavers (C4), number of road roll-
ers (C5), number of trucks (C6), number of completed 
projects with similar size (C7), number of ongoing proj-
ects (C8), quality of workmanship in past projects (C9), 
number of fatal incidents in the last three projects (C10), 
and experience of the company in the construction indus-
try (C11), which would be taken into account during the 
subcontractor selection process. The criteria identified 
by the decision-makers are consistent with the subcon-
tractor selection criteria proposed by various researchers 
and summarized in Table 1. The experts stated that these 
criteria were peculiar to the studied project’s conditions 
and could change from project to project due to the com-
plexity and uniqueness of the project in question. The 
level of bid price is one of the most important factors that 
affect the profit margin of a general contractor. There-
fore, a subcontractor, who offers the lowest bid price, is 
more likely to be selected. If a subcontractor has strong 
financial status, he can offer flexibility in progress pay-
ment terms and conditions. Moreover, he unlikely faces 
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difficulties in reimbursement to the suppliers or in pay-
ing the salary of his staff each month. The subcontractor, 
who has adequate resources in terms of workers, equip-
ment and materials, can complete the project on time. If a 
subcontractor has successfully completed many projects 
with similar size, this means that he has enough capac-
ity and capability for fulfilling the contract requirements. 
General contractors commonly tend to work with sub-
contractors, who have fewer work commitments. If a 
subcontractor has numerous ongoing projects, he has to 
allocate his resources to these projects. In such a case, 
he may face scarcity of resources and the problem of 
coordination, which in turn may bring about delays. The 
high quality of workmanship and the low number of fatal 
incidents in past projects indicate that the subcontractor’s 
quality and safety performances are good. If a subcon-
tractor has been doing business in the construction indus-
try for many years, this means that this company can be 
considered as experienced and competent. 

There are three main levels in the structured deci-
sion hierarchy. The first level is the overall goal of the 
decision process, which is defined as “selection of the 
most appropriate subcontractor”. In the second level, 
there are criteria. The alternative subcontractors are on 
the third level of the decision hierarchy. Financial status 
(C2) and quality of workmanship in past projects (C9) 
were evaluated on a 9-point qualitative scale, which is 
presented in Table 2, based on past experiences with 
these subcontractors. The numerical values were used 
for the calculations. 

Table 2. Qualitative scale

Qualitative value Abbreviation Numerical value
Very Bad VB 1

Very Bad-Bad VB-B 2
Bad B 3

Bad-Average B-A 4
Average A 5

Average-Good A-G 6
Good G 7

Good-Very Good G-VG 8
Very Good VG 9

4.2. AHP computations
Having formed the decision hierarchy for subcontractor 
selection problem, the relative priorities of the criteria to 
be used in the selection process were found by using the 
AHP method. Super Decisions software was utilized to 
implement the AHP method. In this phase, three expe-
rienced civil engineers in the decision making team in-
dividually formed their pairwise comparison matrix and 
geometric means of these values were calculated in order 
to obtain the final pairwise comparison matrix. The final 
pairwise comparison matrix on which there is a consen-
sus and the weights of the criteria obtained from AHP 
computations are presented in Table 3. 

Based on the experts’ judgments, the bid price (C1), 
financial status (C2), and number of key personnel (C3) 
were found to be the most important criteria in the sub-
contractor selection process. Consistency ratio (CR) of 
the pairwise comparison matrix is calculated as 0.001 < 
0.10, which indicates that the judgment matrix is consis-
tent and the weights can be used in the selection process. 

4.3. PROMETHEE computations
After obtaining the relative priorities of the criteria to 
be used in the selection process using the AHP method, 
the evaluation matrix was formed by the decision mak-
ing team. The evaluation matrix is displayed in Table 4. 

In general, a subcontractor, who maximizes profit 
through low bid price, strong financial status, adequate 
resources, expertise in similar works, low ongoing work 
commitments, high quality work, and high safety per-
formance backed with experience in the construction in-
dustry, is considered as the best option (Marzouk et al. 
2013). However, in real world, it is almost impossible. 
While a subcontractor may be superior on some of the 
selection criteria to his competitors, he may be average 
or inferior on the remaining criteria. As seen in Table 4, 
while SC-1 is superior on bid price (C1), number of road 
rollers (C5), and number of completed projects with sim-
ilar size (C7), he is average or inferior on the remaining 
criteria. SC-6 is inferior on financial status (C2), number 
of road rollers (C5), number of trucks (C6), and number 
of completed projects with similar size (C7), whereas he 

Table 3. Pairwise comparison matrix for criteria and results obtained from AHP computations

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 Weights
C1 1.00 1.26 1.44 1.82 2.29 2.15 3.30 2.88 1.65 1.59 3.17 0.16
C2 0.79 1.00 1.14 1.38 1.65 1.59 2.62 2.52 1.44 1.26 2.71 0.13
C3 0.70 0.87 1.00 1.31 1.36 1.55 2.15 1.82 1.26 1.10 2.29 0.11
C4 0.55 0.72 0.76 1.00 1.18 1.14 1.74 1.59 1.05 0.94 1.82 0.09
C5 0.44 0.61 0.74 0.85 1.00 1.10 1.58 1.31 0.87 0.79 1.71 0.08
C6 0.46 0.63 0.64 0.87 0.91 1.00 1.65 1.26 0.85 0.69 1.70 0.08
C7 0.30 0.38 0.46 0.57 0.63 0.61 1.00 0.94 0.72 0.55 0.91 0.05
C8 0.35 0.40 0.55 0.63 0.76 0.79 1.07 1.00 0.63 0.60 1.31 0.06
C9 0.61 0.69 0.79 0.95 1.15 1.17 1.39 1.59 1.00 0.87 1.96 0.09
C10 0.63 0.79 0.91 1.07 1.26 1.45 1.82 1.66 1.15 1.00 2.52 0.10
C11 0.31 0.37 0.44 0.55 0.58 0.59 1.10 0.76 0.51 0.40 1.00 0.05
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is superior or average on the remaining criteria. Since 
none of the alternative subcontractors is superior on all 
of the criteria, the ultimate goal of the general contractor 
is to select the most compromising subcontractor. 

In order to rank the alternative subcontractors, the 
decision making team determined specific preference 
functions and threshold values for each criterion consid-
ering the nature of the criteria, features of the alternative 
subcontractors, and strategy of the company. The pref-
erence functions and threshold values are presented in 
Table 5.

After inputting the values in the evaluation matrix, 
preference functions and thresholds, alternative subcon-
tractors were evaluated via Decision Lab software. The 
positive flow (φ+), negative flow (φ–), and net flow (φ) 
values are provided in Table 6. 

Table 5. Preference functions

Criteria Preference 
Function

Threshold Values
q p s

C1 Linear 10,000 50,000 –
C2 Level 0.5 1.5 –
C3 Linear 1 2 –
C4 Linear 1 2 –
C5 Linear 1 3 –
C6 Linear 1 4 –
C7 Linear 2 4 –
C8 Linear 1 3 –
C9 Level 0.5 1.5 –
C10 Linear 1 3 –
C11 Linear 2 5 –

Table 6. PROMETHEE flows

Alternatives  φ+  φ–  φ
SC-1 0.2710 0.3240 –0.0530
SC-2 0.2840 0.1680 0.1160
SC-3 0.1100 0.4020 –0.2920
SC-4 0.3168 0.2037 0.1131
SC-5 0.2210 0.2893 –0.0683
SC-6 0.3700 0.1858 0.1842

The partial ranking was determined using the positive and 
negative flow values via PROMETHEE I (see Fig. 1). 

According to the PROMETHEE I partial ranking, 
SC-3 is the worst alternative and SC-6, SC-4, SC-2, SC-1 
and SC-5 are preferred to SC-3 alternative. SC-2 alter-
native is preferred to SC-1 and SC-5 alternatives. Also, 
SC-6 is preferred to SC-4 alternative. On the other hand, 
SC-6 and SC-2, SC-4 and SC-2, and SC-1 and SC-5 are 
incomparable alternatives. It is obvious that the PRO-
METHEE I partial ranking did not provide information 
about the most compromising alternative. In order to 
identify the most compromising alternative, the complete 
ranking was determined using the net flow values given 
via PROMETHEE II (see Fig. 2). 

SC-6 alternative was selected as the most compro-
mising alternative based on the information provided by 
the PROMETHEE II complete ranking. The other al-
ternatives are ranked in the order of SC-2, SC-4, SC-1, 
SC-5 and SC-3.

One of the most important features of Decision Lab 
software is that it provides users with the GAIA plane, 
which is the result of Principal Component Analysis 
(PCA). In this plane, alternatives are represented by 
points and criteria by vectors. The GAIA plane for sub-
contractor selection is presented in Figure 3. 

Table 4. Evaluation matrix

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11
Unit Є – – – – – – – – – Year

Min/Max Min Max Max Max Max Max Max Min Max Min Max
Weight 0.16 0.13 0.11 0.09 0.08 0.08 0.05 0.06 0.09 0.10 0.05
SC-1 830,000 A 3 1 8 7 8 3 A 3 8
SC-2 1,075,000 A-G 5 2 7 10 5 1 G-VG 1 6
SC-3 1,084,000 A-G 3 3 5 8 6 4 A 5 10
SC-4 980,000 G 4 2 4 11 2 3 G 0 4
SC-5 1,206,000 G-VG 4 2 6 9 4 0 A-G 2 5
SC-6 1,006,000 A-G 6 4 5 6 3 2 G 1 9

Fig. 1. PROMETHEE I partial ranking

Fig. 2. PROMETHEE II complete ranking
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The length of each vector is a measure of its strength 
in alternative subcontractors’ differentiation. As seen in 
Figure 3, Bid Price (C1) has the highest differentiation 
strength and expresses independent preferences. In the 
GAIA plane, consistent criteria are positioned in the 
same direction whereas conflicting criteria are oriented 
in opposite directions. It can be observed that Number 
of Road Rollers (C5) and Number of Completed Proj-
ects with Similar Size (C7) are consistent criteria and 
express similar preferences. On the other hand, Bid Price 
(C1) and Financial Status (C2), Number of Trucks (C6), 
and Number of Ongoing Projects (C8) are conflicting 
criteria and express opposite preferences. The position 
of an alternative determines the strength or weakness of 
this alternative with respect to different criteria. For in-
stance, SC-5 is particularly good on Financial Status (C2) 
and Number of Ongoing Projects (C8), whereas SC-6 is 
predominantly good on Number of Key Personnel (C3), 
Number of Pavers (C4), Quality of Workmanship in Past 
Projects (C9), Number of Fatal Accidents in the Last 
Three Projects (C10), and Experience of the Company 
in the Construction Industry (C11). 

Vector pi, which is the decision axis, represents the 
direction of compromise deriving from the weighted cri-
teria. The decision makers should appreciate the alter-
natives located in that direction. As it can be seen from 
Figure 3, vector pi is oriented in the direction of Number 
of Key Personnel (C3) and Number of Pavers (C4), and 
the closest alternative to the vector pi is SC-6, which in-
dicates that it is the most compromising option. Contrary 
to it, the alternative SC-3 is the worst option because it is 
oriented in the opposite direction of vector pi. This find-
ing is also consistent with the PROMETHEE II complete 
ranking result. 

4.4. Decision making
Based on the AHP and PROMETHEE computations, it is 
decided that SC-6 is the most appropriate subcontractor 
for the asphalt work of a car park. In order to analyze 
how the variation in the criteria weights will affect the 
ranking, sensitivity analysis was performed via Decision 
Lab software. The stability intervals values are given in 
Table 7. 

Table 7. Stability intervals

Criteria Weight
(wj)

Intervals
Min Max

C1 0.16 0.0721 0.3772
C2 0.13 0.0000 0.2221
C3 0.11 0.0419 1.0000
C4 0.09 0.0234 1.0000
C5 0.08 0.0000 0.1617
C6 0.08 0.0000 0.1314
C7 0.05 0.0000 0.2260
C8 0.06 0.0000 0.1969
C9 0.09 0.0000 0.2226
C10 0.10 0.0000 0.3360
C11 0.05 0.0000 0.7922

The stability intervals specify each criterion’s weight 
limits within which the result of PROMETHEE II com-
plete ranking does not change. It can be seen from Table 
7 that the weights of the criteria are not very sensitive 
and any minuscule changes in the weights of the criteria 
will not change the complete ranking. For instance, if 
the weight of Bid Price (C1) criterion is set to be lower 
than 0.0721 or higher than 0.3772, the complete ranking 
will substantially change. When the weights of the cri-
teria were set as 0.38 (C1), 0.09 (C2), 0.08 (C3), 0.07 
(C4), 0.06 (C5), 0.06 (C6), 0.04 (C7), 0.04 (C8), 0.07 
(C9), 0.07 (C10), and 0.04 (C11) considering the stabil-
ity intervals and the relative weights of the criteria, the 
complete ranking would be as; SC-1, SC-6, SC-4, SC-2, 
SC-3, and SC-5. The decision-making team stated that 
as the lowest bid price was offered by SC-1, it was very 
reasonable that SC-1 ranked first when the weight of the 
bid price criterion (C1) was increased. 

After performing the sensitivity analysis, the case 
in which all criteria have equal weights was analyzed. 
The net flow values obtained for this situation and their 
comparisons with previous values are given in Table 8. 

While SC-6 and SC-2 ranked first and second ac-
cording to the weighted ranking results, their rankings 
interchanged when the criteria weights were considered 
to be equal. SC-1 and SC-5 ranked fourth and fifth in 
the original case, on the other hand, their rankings also 
switched when the criteria weights were removed. SC-4 
ranked third and SC-3 was the worst alternative in both 
cases. 

Fig. 3. GAIA plane for subcontractor selection



Journal of Civil Engineering and Management, 2016, 22(8): 1042–1054 1051

Table 8. Weighted and unweighted rankings

Alter. Weighted  
φ 

Weighted 
Ranking

Unweighted  
φ

Unweighted 
Ranking

SC-6 0.1842 1 0.1473 2
SC-2 0.1160 2 0.1545 1
SC-4 0.1131 3 0.0133 3
SC-1 –0.0530 4 –0.0545 5
SC-5 –0.0683 5 –0.0333 4
SC-3 –0.2920 6 –0.2273 6

Conclusions

Main contractors generally subcontract large portions or 
all of the specialized work on their projects to subcon-
tractors. Since the actual production work is predomi-
nantly carried out by subcontractors, choosing the right 
subcontractor for the right job has a critical impact on 
overall project performance. Traditionally, main contrac-
tors tend to select the subcontractors based on the lowest 
bid price. However, this type of selection may result in 
inefficiencies and project failures. Therefore, main con-
tractors should consider a combination of various com-
promising and conflicting criteria in order to select the 
most appropriate subcontractor. 

An integrated decision approach, which employs 
AHP and PROMETHEE together, proposed in this pa-
per can improve the subcontractor evaluation process 
and help main contractors for the selection of the most 
appropriate subcontractor among a set of available al-
ternatives. The selection problem is based on the com-
parisons of different subcontractor alternatives according 
to the identified criteria. In this approach, AHP is used 
to formulate the structure of the subcontractor selection 
problem and to determine the weights of the criteria, and 
the PROMETHEE method is employed to determine the 
priorities of the alternatives based on the criteria weights 
obtained from AHP and preference functions determined 
by the decision makers. 

Subcontractor selection problem could have been 
approached using only AHP or PROMETHEE. These 
two techniques have their own strengths and weaknesses. 
One of the strengths of AHP is that it decomposes a de-
cision problem into its smallest elements and builds a 
decision hierarchy (i.e., goal, main criteria, sub-criteria, 
alternatives, etc.). Thereby, it enables decision makers 
to see the importance of each criterion, obtain a clear 
view of the decision problem, and evaluate the results. 
However, PROMETHEE does not provide this structur-
ing possibility. In the AHP method, the weights of the 
elements are obtained through a sequence of pairwise 
comparisons. On the other hand, it is not clear how these 
weights should be determined in PROMETHEE. Two of 
the most important weaknesses of AHP are the need for 
a substantial number of pairwise comparisons and the 
artificial limitation of the use of 9-point scale. In contrast, 
PROMETHEE needs only the evaluations of the alterna-
tives on different criteria and enables users to evaluate 

the alternatives using numerical data. In this study, these 
techniques are used together in order to mix the strengths 
of both techniques and thereby achieve operational syn-
ergies (Macharis et al. 2004). 

The proposed approach has been applied to a prob-
lem of selecting the most appropriate subcontractor in a 
construction company, which is mainly specialized in air-
port construction. In the studied case, although SC-1 of-
fered the lowest bid price (€ 830,000), SC-6 was found to 
be the most appropriate alternative based on the proposed 
approach. The bid price offered by SC-6 was € 176,000 
more than the bid price offered by SC-1. When these 
two alternative subcontractors were compared, it was 
observed that while SC-1 is superior on bid price (C1), 
number of road rollers (C5), and number of completed 
projects with similar size (C7), SC-6 was superior on 
number of key personnel (C3), number of pavers (C4), 
quality of workmanship in past projects (C9), number 
of fatal accidents in the last three projects (C10), and 
experience of the company in the construction industry 
(C11). The decision-making team stated that this type 
of operation required the extensive use of equipment 
and high quality of workmanship. Thus, the subcontrac-
tor, who employed more qualified personnel, had more 
pavers, better quality and safety performance, and more 
experience in the construction industry, was more likely 
to be selected. According to the decision-making team, 
although selecting SC-6 instead of SC-1 would bring 
an extra cost of € 176,000, the potential benefits (i.e., 
on-time completion, fewer reworks, better occupational 
safety, improved client satisfaction, and better reputation) 
that would be gained by working with SC-6 would com-
pensate for this additional cost. Indeed, in this project, 
the construction company worked with SC-6 and did 
not experience any serious problems in terms of time, 
quality, and safety. Company management found the pro-
posed approach satisfactory and implementable in future 
subcontractor selection problems. It should be noted 
that the proposed approach can be successfully used by 
construction companies’ management teams if they have 
knowledge of AHP and PROMETHEE techniques and 
are capable of determining the preference functions and 
the threshold values for each criterion correctly.

The proposed integrated decision approach is of 
benefit to construction companies. The benefits can be 
summarized as follows: 

 – Elimination of the dependence on the lowest bid 
price;

 – Consideration of a combination of various compro-
mising and conflicting criteria;

 – More systematic evaluation;
 – Visual representation of the subcontractor selection 
problem;

 – Sensitivity analysis;
 – Faster selection process;
 – Lower cost of the selection process;
 – User friendly system;
 – More objectivity.
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In some cases, a number of criteria may have an 
uncertain structure and cannot be measured precisely. In 
such circumstances, fuzzy numbers can be used to de-
velop the evaluation matrix. This may improve the pro-
posed integrated decision approach and is one of the fu-
ture directions in this research. Moreover, specific value 
functions can be used for considering non-linearity in the 
assessment of each selection criterion (see, for instance, 
Alarcón et al. 2011).
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