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Abstract 

During the last decades, especially in large-scale construction projects, it is one of the widely applied 

strategies that the main contractors work with many subcontractors and overtake a large part of the works. 

This trend brings out the problem of selection of subcontractors. The classical approaches in the construction 

industry to select the subcontractor are the general practice reference, the lowest bid, and the familiarity. This 

creates major risks for contractors since the construction sector involves time-limited projects with a large 

variety of complex works. Putting the subcontractor selection on a scientific basis and minimizing the risks 

by choosing the most appropriate subcontractor among the bidders for a particular type of work, require for 

the construction industry to determine not only consistent and efficient but also uncomplicated and plain 

model. Instead of the widespread conventional application, this study represents a new alternative approach 

to the subcontractor selection with Additive Ratio Assessment Method, which is one of the multi-criteria 

decision-making techniques. Additive Ratio Assessment Method is quite practical and convenient to use 

among the other multi-criteria decision-making methods. This study aimed to demonstrate the use of 

Additive Ratio Assessment Method on sub-contractor selection problems by exemplifying a real case 

application.  
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1. Introduction 

Construction projects which incorporate many 

technical disciplines, are generally undertaken by 

the main contractor and are subdivided into sub-

contractors specialized in their fields [1]. Globally, 

the last decades in construction business has been 

seen as a period that using the services of 

subcontractors are becoming more widespread 

every day. According to El Mashaleh [2], 

subcontractor use in the construction business is 

about 80-90% of all construction works. Also, it has 
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been stated in many studies that contractor or 

subcontractor selection methods in the construction 

sector have not changed much since the 1940's [3]. 

Behind this widespread adoption of the 

subcontracting practice, there are parameters such 

as the specialization opportunities on the large 

construction industry, administrative efforts, 

resources and main capital provided by the system 

[4]. 

 In Turkey, although formal entry of the 

contractor-subcontractor relation regulations into 
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labor law legislation dates back to the year 1936 

when Turkey's Labour Law with No. 3008 was 

entered in the force, the widespread adoption of 

subcontracting in the industry has occurred since 

the 1980s. One of the main reasons for the 

widespread adoption of subcontracting is to reduce 

labor costs-low labor costs - and thus to create a 

chance of competition [5]. The provisions of the 

new Labour Law with No. 4857 which was entered 

in the force in 2003 and the Sub-Employment 

Regulations which was prepared in 2008 for 

detailing and concreting the provisions of the law, 

handled the relationship between subcontractors 

and contractors from many perspectives, and also 

they became important steps to prevent many 

problems [6]. The great change that has taken place 

in the Turkish Economic Structure since the 1980s 

has made subcontracting an essential part of the 

new business relationship that is sought after 

insistently [7]. 

 The benefits of using the services of 

subcontractors to the construction sector are 

generally complementary. It brings flexibility to the 

contractor's decisions, especially regarding cost, 

quality, and duration. The subcontractor that 

undertakes and shares a part of uncertainty and high 

risks of confronting the main contractor functions 

as a buffer. Besides, the unnecessary expert/worker 

being kept out of cadence and providing a certain 

balance of cost, it is also the case that there grows a 

relationship that can be called semi-integration 

between them over time. Using the services of 

subcontractors in the construction business is the 

most effective solution for the production of 

complex projects. Along with that, the number of 

subcontractors of which services are used varies for 

each organization. The subcontractor utilization 

rate seems to be changing depending on the growth 

of firms and the number of types of work. And the 

criteria that are most influential in a construction 

project in the industry are usually financial factors 

[1,8,27,32]. 

 Although it has many advantages, 

subcontracting is not without risks. The risks of 

subcontracting could be investigated under two 

topics [17]: 

1. Company derived risks: Lack of commitment, 

inadequate communication, as well as 

incompatible personalities are typical problems 

of subcontracting ventures. 

2. Subcontractor performance risks: Poor quality, 

subcontractor failure to deliver on-time, data 

security problem, transferring knowledge and 

cultural issues. 

 Since the construction projects are time-limited 

and unique, contractors are struggling with 

financial risks from the beginning to the end of the 

work. The use of subcontractors reduces the 

financial risks of construction companies. In this 

context, the contractors undoubtedly have to 

receive the bid amount as an essential criterion in 

the subcontractor selection, but it should not be 

overlooked that many other criteria must be taken 

into consideration in the subcontractor selection 

process [9]. Although the reasons for subcontractor 

use differ geographically and culturally, the main 

causes are quite similar in all countries [10]. 

 Understanding the purpose of the 

subcontractor's use may create ancillary data with 

the criteria that must be used for selecting the 

subcontractor. Today, the traditional method, which 

is generally applied for selection of subcontractors, 

is the result of superficial decisions based on 

various justifications of the administrative stuff of 

companies [11]. According to Khalfan et al. [11], it 

can be said that in the construction business, 

administrators of the main contractors widely 

follow five different non-objective decision-

making approaches: 

1. Single source subcontractor: when the main 

contractor has only one subcontractor for a 

specific trade, which is fully integrated within 

main contractor's business. 

2. Preferred subcontractors/suppliers: when main 

contractors have selected either 3-4 

subcontractors for a specific trade. 

3. Specialist subcontractor: when the main 

contractor knows the subcontractors who could 

deliver specialist tasks and services and use 

them whenever required. 

4. A long list of suppliers and subcontractors: 

when the main contractor has selected a number 
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of subcontractors for each trade work, and get 

them compete with each other for getting the 

lowest price 

5. Open tender: when the main contractor does not 

have preferred or a long list of subcontractors 

and looks for new supply chain partners 

traditionally. In some cases, main contractors 

with preferred subcontractors may use this type 

of tendering to test the market and also put 

pressure on subcontractors to reduce their costs 

and take on more risk. 

 Among these approaches, subcontractor 

selection by open tender is not considered as a 

widely applied method [12, 34]. Applying the open 

tender approach by taking only one criterion of the 

lowest bidder into account brings new risks and 

uncertainties. In the process of selecting a 

subcontractor, different researchers have got 

different approaches to the most important criteria. 

For instance, the survey research of Lavelle et al. 

[13] with feedback from 140 professionals in 

England shows that the lowest bid criterion is in 

third place and comes after health and safety 

records and past performance indicators by order of 

importance. And the other approaches include non-

objective views of the managers of the main 

contracting company. 

 There is no scientific basis for the subcontractor 

selection to be decided by the main contractor 

managers according to the non-objective criteria. 

For this reason, the models created by multi-criteria 

decision-making methods aiming to place the 

selection process on a scientific basis have recently 

become widespread in the academic environment. 

And a study of "whether there are applications of 

these models in the construction business" has not 

been found in the construction management 

literature.  

 According to Sciancalepore et al. [14], in the 

construction business, bid evaluation methods 

might be classified into five categories: 

1. Linear weighting-based methods: These use 

specific algorithms to find weights to be used 

for scoring each bid. 

2. Comparison-based methods: Each bid is 

compared to all others quantitatively or 

qualitatively. With this procedure, a final score 

is assigned to each offer through techniques 

such the Analytic Hierarchy Process (AHP) 

3. Cost-benefit analysis: The cost and benefits of 

each offer are estimated. The weighted sum of 

these indicators determines the final score.  

4. Utility-based methods: Specific utility curves, 

as a function of different criteria, are defined to 

estimate the overall utility of each bid. 

5. Costing-based methods: The cost consequences 

of nonprice related performance are determined 

and summed to the bid cost. The resulting 

overall cost is the indicator used for the award. 

 Yet, according to literature review of this study, 

the construction companies do not seem to apply 

any of these methods in real cases [12]. Modeling a 

subcontractor selection technique is crucial for a 

construction corporation because the sustainable 

supply chain management is key to achieving the 

sustainable development of enterprise and industry 

[15]. Proper selection of supplier or subcontractors 

can certainly contribute significantly to a firm's 

competitive advantage and its organizational 

success [16]. Another crucial factor is the utility and 

practicality of the method. This study represents a 

simple subcontractor selection method for the 

companies from all sizes. 

 

2. Research methodology 

Since the set of criteria for subcontractor selection 

problem has the most vital importance for such 

research, firstly it has been determined what criteria 

should be applied to the model. For this purpose, 

construction management and multi-criteria 

decision-making literature have been reviewed. The 

literature review section of this study firstly aimed 

to browse the international scientific journals with 

specific keywords such as "subcontractor 

selection", "contractor selection", "tender 

evaluation" and "multi-criteria decision making". 

The research revealed that the oldest adoptions of 

multi-criteria decision-making to 

subcontractor/contractor selection problem dates 

back to 1980's. That is the reason, this study 

involved the publications of the last 30-35 years. 

The next step involved narrowing the list by 
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determining the studies which included a "criteria 

study" for a tender practice in a construction 

application. These studies could be conduction of 

surveys, questionnaires, reviews, collections or 

interviews. After the criteria are determined from 

the literature and weighted by statistical techniques, 

application of the method has been exemplified 

with a real case data set, which was collected from 

an international construction project in Russian 

Federation. 

 

3. Subcontractor selection criteria 

There are quite a number of studies conducted to 

determine subcontractor selection criteria for 

contractors. Majority of these are expert opinion-

based and survey-based studies. The entry of 

subcontractor or supplier selection process into 

scientific literature took place in the 1960s [17]. 

Dickson's empirical study [64] which was 

conducted with 273 purchasing managers in North 

America is one of the first examples in this area 

[18]. According to this study, 23 criteria in 

subcontractor or supplier selection are ranked in 

four different groups according to their importance 

value as extreme importance, considerable 

importance, average importance and slight 

importance [64]. 

 Considering the recent years, on the use of 

multi-criteria decision-making and similar methods 

for subcontractor selection, Acar [37]  have 

proposed a model for the selection of 

subcontractors with the analytic network process. 

Diabagate et al. [21] presented a method of 

determining the best bid for a tender by analytic 

hierarchy method. Oladapo and Odeyinka [22] 

compared multi-criteria decision-making methods 

with multi-attribute analysis and analytic hierarchy 

process methods in subcontractor or contractor 

selection and found that these two methods show 

little difference. Sabuncuoglu and Gorener [23] 

presented fuzzy TOPSIS multi-criteria decision-

making as an alternative to subcontractor selection 

process.  

 Lorentziadis [38] presented a linear weighting-

based method for selecting subcontractors. 

Krzeminski [39] proposed a method with fuzzy 

sets. Sipahi and Esen [40] introduced a model with 

analytic hierarchy operation. And Topcu [41] 

published on the analytical hierarchy process based 

prequalification and weighted normalized sum of 

pre-qualification score and price.  

 Browsing the databases for the publications 

which tended to stress on subcontractor selection 

using multi-criteria decision-making methods, 

Sabuncuoglu and Gorener [23] presented the 

compilation of criteria used in 9 different 

publications in their study. Koseokur [24] has listed 

the criteria that are important in the selection of 

subcontractors from 11 different publications. 

Rencber and Kazan [25] tabulated the criteria in 7 

different publications and Imeri [18] compiled the 

criteria listed in 3 different publications. According 

to the literature review on publications about 

subcontractor selection, these lists are the results of 

expert opinions, surveys, and questionnaires 

conducted to sector professionals. For example, 

Ulubeyli [33] listed the criteria by interviewing  96  

professionals from 96 different sector companies or 

Zavadskas et al. [42] carried out a survey and 

questioned 20 experts. All of these studies allow us 

to tabulate a more comprehensive list of 

subcontractor selection criteria that goes through 38 

different articles. 

 Summarizing Table 1 and picking out the 

articles which included criteria lists for 

subcontractor selection would allow us to draw 

Table 2 with the help of the frequencies. 

 Table 2 has not only found an answer to the 

question “What criteria should be used in multi-

criteria decision-making for subcontractor selection 

models” but also offers a new resolution for the 

weights of these criteria. Each publication covered 

in this table contains the expert opinion of many 

professionals about the criteria that can be used in 

the selection of subcontractors. For this reason, the 

table might be considered as a broad survey of the 

various geographies of the world with the 

participation of many experts. 
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Table 1. Subcontractor selection criteria in publications 

No Criteria Year Study 

1 Price, stuff quality, effective organization, duration, financial structure, experiences 1993 [43] 

2 Management skills, experience, advanced performance qualification 1994 [44] 

3 Price 1995 [45] 

4 Duration, performance, price 1995 [46] 

5 Honesty, creativity, duration, quality, interest in the project, cooperation, harmony, budget, technical 

capability, full understanding of the contract’s terms and conditions fulfilling the needs in a modern 
way, health and safety record 

1997 [47] 

6 Price, technical capability, health and safety records, financial status, previous performance and 

quality, reputation 

1998 [3] 

7 Price cut, duration, technology and quality, reliability of commitment to contract, management skills  1998 [49] 

8 Specific experience, current workload, financial capacity, equipment, workforce 1998 [50] 

9 Reliability, performance, financial status, management skills, duration, quality, location, experience, 
references 

1999 [51] 

10 Previous performance, financial status, insurance, credibility, conditions of resources 1999 [52] 

11 Price, financial capacity, previous performance, experience, resources, work force, 
previous cooperation, health, and safety record 

2000 [53] 

12 Technical capacity, financial capacity, quality warranty, duration performance, health and safety, 

human resources management, skill/ability 

2000 [24] 

13 Quality, speed, reliability, flexibility, price 2000 [54] 

14 Design capability, cooperation experience & response, level of understanding the content of the 

project, value engineering, response to construction thoughts, response to realistic costs, quality 

2000 [55] 

15 Price, quality, health and safety, previous performance 2000 [56] 

16 Duration, management skills, project size, price, quality, technological capability, responsibility, 
reliability, performance 

2000 [57] 

17 Price, logistics, quality, development, management 2001 [58] 

18 Experience, understanding of the project objectives, ability to identify key points, understanding of 

constraints and special needs, representing creative ideas, Interest and ability to reduce costs by 

discussing examples in past projects, attitude towards cost-effective handling in this project, technical 

approach, work schedule, contract management and work site inspection arrangements, organizational 
structure of project team, the responsibilities of the important workforce and the desire to participate 
in the project,  professional and technical competence of the labor input 

2001 [59] 

19 Logistics, technology, commercial features, reciprocal relations 2003 [60] 

20 Experience, cost, time quality, low offer, risk 2004 [41] 

21 Health and safety, current capacity, last 5 years work experience, special work experience, experience 
of staff 

2005 [61] 

22 The ability to complete the project on time, the attitude and performance of health and safety, the 

quality of work and materials, the availability of adequate resources, the price level, the attitude to 

common teamwork, the attitude to solve problems jointly, the workings in similar projects, the 
workplace relations, technical specifications, financial strength 

2005 [62] 

23 Complete documentation, building references, technical staff competence, tunnel formwork reference, 

delivery time, cost, financial status 

2006 [29] 

24 Trust, quality, harmony, cooperation, special/specific labor, price, credit reputation, consistency, 
reciprocity, reputation, experience 

2007 [19] 

25 Total Cost, maintenance and continuity solutions, delivery parameters, duration, warranty, other 
technological and economic objectives. 

2008 [30] 

26 Price, delivery time, management experience, experience as contractor, communication, condition of 

previous works, quality 

2008 [42] 
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Table 1. Cont’d   

27 General and similar work experience, level of performance in previous projects, previous 

collaboration, financial capacity, current and probable workload, previous health and safety 

performance, reputation, legal cases in previous projects, the existence of personal relationship, 

distance from headquarters, complete understanding of the project, reliability, dedication to work, 
level of communication, price of the proposal, technical staff, workforce, equipment, payment 
schedule, percentage of the subcontracting, the amount of the delay indemnity 

2008 [20] 

28 Amount of bid proposal, performance of relevant previous projects, financial capacity, completion of 

job within time, prompt payment to labor, quality of production, standard of workmanship, quality of 
materials used, compliance with contract, compliance with site safety requirements, collaboration 
with other subcontractors 

2009 [2] 

29 Experience, technology, equipment, management, financial stability, quality, previous experience of 

team, compliance with the country where project is applied, prestige, innovation, creativity 

2009 [48] 

30 Financial status, equipment, staff, management capacity, quality management system, safety, 

condition of ongoing projects, experience 

2011 [66] 

31 Price, duration, post-delivery maintenance, development plans 2011 [14] 

32 Technical capacity, experience, management capabilities, previous performances, financial status, 
health, and safety record 

2012 [31] 

33 Price, quality, duration, qualification 2013 [67] 

34 Price, quality, duration, professional competence, financial status, health and safety records, 
communication 

2013 [63] 

35 Price, completeness of bid document, past performance, staff skills and experience, reputation, 

quality, management capacity, bid understanding, plant and equipment resources, health and safety 
performance  

2013 [4] 

36 Speed, quality, price, reliability, flexibility, leadership, teamwork, adequacy of stuff, management 
type, quality certificate, financial status, technological competence, experience 

2014 [25] 

37 Knowledge level, experience, time, transportation, price, warranty 2014 [35] 

38 Price, financial status, quality, health and safety, technical capability, experience 2015 [63] 

Table 2. Frequency of criteria listed in 38 different 

publications on subcontractor selection  

Criterion 
No 

Criteria 
Number Of 

Articles 
Frequency

% 

K1 Price 31 82% 

K2 Performance 
history 

28 74% 

K3 Quality 25 66% 

K4 Technical 
capability 

24 63% 

K5 Financial 

status 

20 53% 

K6 Delivery/Dura
tion 

19 50% 

K7 Health and 
safety record 

14 37% 

K8 Management 14 37% 

K9 Production and 

capacity 

11 29% 

K10 Reputation 10 26% 

K11 Location 3 8% 

 

 

Therefore, if “% column" in the table is subjected 

to a ratio which gives a sum of 100%, the weights 

of the criteria should be obtained as seen in Table 

3. 

 

4. Additive Ratio Assessment (ARAS) method 

Multi-criteria decision-making methods (MCDM) 

began to be developed in the 1960s, when a number 

of tools were needed to help decision-making. 

MCDM is defined as the process of assigning 

values to alternatives by evaluating many criteria 

together. In construction industry for any kind of 

decision problems, the managers and decision 

makers might use the benefits of numerous types of 

MCDM [36]. One of these methods, namely ARAS 

Method, was introduced by Lithuania’s Vilnius 

Gediminas Technical University academicians 

Edmundas Kazimieras Zavadskas and Zenonas 

Turskis in 2010 as a method of solving multi-

criteria decision problems. The abbreviation ARAS  
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Table 3. Weights of the criteria 

Criterion No Criteria Weight 

K1 Price 16% 

K2 Performance history 14% 

K3 Quality 13% 

K4 Technical capability 12% 

K5 Financial status 10% 

K6 Delivery/Duration 10% 

K7 Health and safety record 7% 

K8 Management 7% 

K9 Production and capacity 6% 

K10 Reputation 5% 

K11 Location 2% 

 

comes from the first letters of the statement 

“Additive Ratio Assessment". In the classical 

approach, multi-criteria decision-making methods 

focus on ranking. Many of the MCDM methods 

compare the utility function values of existing 

solutions with the ideal positive alternative solution 

value or take the distance to ideal positive and ideal 

negative solution into consideration. But ARAS 

method compares the utility functions of the 

alternatives with the optimal utility function value 

added by the researcher to the decision problem. 

ARAS method can also be applied together with 

fuzzy logic and gray relational analysis. 

 Application steps of the ARAS method 

proposed by Zavadskas and Turskis [26]: 

 The ARAS method starts with the stage of 

preparation of the decision-matrix just as it is in all 

other multi-criteria decision-making methods. The 

difference from typical methods is that the optimum 

values for each criterion are shown in a row in the 

decision matrix. 


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; ;,0 mi = .,1 nj =  (1) 

 The decision matrix can be expressed as Eq. (1), 

where m is the number of alternatives and n is the 

number of the criterion. The optimal value for each 

column in this matrix should be chosen and be 

added as a row on the top. If the optimal value of 

the j-criterion is not known, the following algorithm 

is applied: 

ij
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 Since the criterion performance values are at 

different scales and units, the second stage is to 

normalize the decision matrix. The mathematical 

representation of the normalized matrix is as 

follows: 
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; ;,0 mi = .,1 nj =  (3) 

 The criteria, whose preferable values are 

maxima, are normalized by Eq. (4). 


=

=
m

i

ij

ij

ij

x

x
x

0

 

 (4) 

 The criteria, whose preferable values are 

minima, are normalized by applying two-stage 

procedure: 


=

==
m

i

ij

ij

ij

ij

ij

x

x
x

x
x

0

*
;

1  

 (5) 

 If the significance values of the criterion cannot 

be obtained by statistical or mathematical models, 

ideas of the experts or the decision-makers 

subjective viewpoint could be used. The importance 

of criteria mean the weights of the criteria and the 

sum of the weights has to be equal to 1. 

Accordingly, each matrix value in the normalized 

matrix is multiplied by the corresponding weight 

ratio, and the weighted normalized decision matrix 

is obtained. 

 The mathematical representation of the 

normalize decision matrix is as follows: 

1
1

=
=

n

j

jw   (6) 
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;,0 mi = .,1 nj =  (7) 

,,0;ˆ miwxx jijij ==   (8) 

 In the following equation, the scores of the 

alternatives are calculated to indicate the value of 

iS which is optimality function of i alternative: 

,ˆ
1


=

=
n

j

iji xS  mi ,...1,0= ,,1 nj =  (9) 

 Using the values in the range [0, 1], the relative 

efficiency of the utility function values of the 

alternatives is calculated. Utility degree
iK  is 

calculated by dividing the  
iS  value by ideally best 

one
0S : 

0S

S
K i

i =
 

,,0 mi =  (10) 

 

5. Case study and results 

The project manager of a multipurpose living 

project in Russian Federation wanted to select a 

subcontractor for the parking garage works. 

Company engineers have prepared the technical 

specifications of the work, quantity surveying, and 

the subcontractor qualification forms and tender 

documents have been delivered to the subcontractor 

candidates. The subcontractor qualification forms 

are arranged according to the findings of the 

literature review of this study and the criteria 

represented the functions as follows. 

5.1. Price 

Price is the final bid offer determined by the 

subcontractor candidate for the complete scope of 

works. This amount might be entered as a monetary 

value in the decision matrix. 

Price= f (final offer)  (11) 

5.2. Performance history 

Contract values of similar works which the 

candidates have successfully completed before 

might be used after being converted to a single 

monetary value by updating with present value 

analysis. Also in the performance history, 

parameters such as the speed of finishing the 

project, total construction area, the number of 

projects completed with success and the total man-

hours completed since the beginning can also 

function. 

Performance history= f (job completion, 

speed, constructed area, number of completed 

projects, total man hour) 

(12) 

 For the case study, this value is evaluated over 

the total manhour value (ΣMxH) of the candidate 

firm during its total business life. 

5.3. Quality 

In order to measure the quality concern of a 

construction company, it may be sufficient to 

examine the company's corporate structure and its 

quality certificates. Also, checking whether the firm 

has implemented total quality management will 

contribute to measuring its quality standard. 

Quality= f (Corporate structure, total quality 

management, certificates of quality standard) 
(13) 

 For the case study, a scoring system between 1 

and 4 is used. The score of the company whose 

quality certificates are complete gets 4 and the 

company which does not have any certificate gets 1 

over 4. 

5.4. Delivery / Duration 

The duration parameter may be determined by the 

work schedule to be requested from the 

subcontractor candidates for the part of the work to 

be transferred to the subcontractor. It gives an 

advantage to the company which promises to 

perform the work faster without sacrificing the 

terms of the technical specifications and without 

sacrificing the quality. For this reason, the 

substantial parameter of the delivery function will 

be the duration offered by the candidate. 
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Delivery = f (offered duration by candidate) (14) 

 For the case study, this value is assumed as the 

duration needed to complete the total works. The 

unit of duration is assumed to be “day”. 

5.5. Health and safety record 

For the objective measurement of work safety 

performance, firstly the total manhour value of the 

candidate company should be determined. Then, by 

using the statistics of work accidents, the intensity 

of occupational accidents at the unit man-hour 

might be obtained. This value might constitute an 

adequate index for the health and safety 

performance of the relevant subcontractor 

candidate. 

Health and safety record = f (work 

accident/total man hour) 
(15) 

 For the case study, this value is defined as the 

number of work accidents per 1,000,000 man hours 

from the records of total man hour and health and 

safety records and demonstrated by the unit of 

"number of workplace accident / 1 million man-

hours" (NWA/1M. ∑MxH). 

5.6. Technical capability 

It can be evaluated by the number of technical 

personnel that the candidate firm currently has. 

Technical capability=f (number of technical 

stuff) 
(16) 

 For the case study, this value was evaluated as 

the number of technical staffs with a technical 

education regardless of their level of education. 

5.7. Production and capacity 

The production capacity of the subcontractor is 

determined according to the planned work to be 

carried out. For example, if the work to be 

performed is concrete floor hardener, a value can be 

obtained through the concrete hardener flooring 

speed of the company. 

Production and capacity=f (unit 

production capacity) 
(17) 

 For the case study, this value considered as the 

daily production capacity of concrete floor hardener 

and its unit is m2/day. 

5.8. Financial Status 

The financial capacity value can be used as a single 

monetary value which is the result of a specific 

linear programming in the model or as a monetary 

value which can be obtained from the cash flow 

graph of the willing subcontractor candidates by the 

present value analysis. 

Financial status= f (cash flow diagram) (18) 

 For the case study, this value is obtained by 

considering the cash flow statements of the 

companies at the net present value. Its unit is US 

Dollars. 

5.9. Management 

It may be worthwhile to evaluate how many years 

of experience the managers of the subcontractor 

companies have in their fields. 

Management = f (experience year of the 

management team) 
(19) 

 For the case study, this value is taken as the 

average of the years of experience of managers of 

the company. Its unit is year. 

5.10. Location 

An assessment can be made on the distance of the 

subcontractor firms' offices to the site where the 

project is being implemented. 

Location= f (distance to site)  (20) 

 For the case study, this value is considered as 

the distance from the office of the candidate to the 

site in kilometers. 

5.11. Reputation 

It can be determined by a questionnaire prepared by 

the company managers, which demonstrates all of 

the technical personnel participants’ views about 

the reputation of the subcontractor firm. 
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Management = f (experience year of 

management team) 
(21) 

 For the case study, this value is the average 

score of the questionnaire result which examined 

the reputation of the candidate firms by views of the 

technical stuff of the contractor company with 

scores ranked from 1 to 4 (1 indicates the lowest 

and 4 indicates the highest reputation). 

 For the case study, the criteria set, that is 

revealed in the literature review, was reported to the 

managerial office of the multi-purpose living 

complex project. Also, it is requested to open a 

tender which complies with these criteria. Dataset 

of the sample decision problem, which is given in 

Table 4,  has been prepared according to the results 

of this tender process. After creating the dataset, the 

steps of the subcontractor selection with Additive 

Ratio Assessment Method would be as follows: 

Step 1: Representation of data set as decision matrix 

and creation of decision matrix (Table 5). 

 Optimum values are listed in the first row. It 

should be noted here that the optimum for K1, K6, 

K7, and K11 are the smallest values and for the 

other criteria the optimums are the biggest values. 

It should also be remembered that the weight ratios 

are calculated in Table 3. 

Step 2: Normalization of the decision matrix (Table 

6). 

 Eq. (4) and Eq. (5) are used in the normalization 

process. If it is assumed that higher value is better, 

then each element is divided by the sum of its 

column and the resulting value is written to the cell 

of that element. If it is considered that smaller value 

is better, then the procedure given in Eq. (5) is 

applied.  

Step 3: Forming weighted normalized decision 

matrix (Table 7). 

 Forming the weighted normalization decision 

matrix, the weight values of the criteria are 

multiplied by each matrix element in its own 

column and replaced by the old one. 

Step 4: Calculation of optimality function values 

Si values are calculated by Eq. (9) and Ki values are 

then calculated by Eq. (10). The values found are 

shown in Table 8. According to Table 8, company 

"C" is the most appropriate subcontractor candidate 

with 74.3% similarity to the optimal. 

 

 

Table 4. Data set of sample decision problem 

 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 

C
A

N
D

ID
A

T
E

 

P
ri

ce
 (

U
S

D
) 

P
er

fo
rm

an
ce

 h
is

to
ry

 

(∑
m

x
h

) 

Q
u

al
it

y
 

(o
u

t 
o

f 
4

) 

T
ec

h
n

ic
al

 C
ap

ab
il

it
y

 

(o
u

t 
o

f 
4

) 

F
in

an
ci

al
 S

ta
tu

s 

(U
S

D
) 

D
u

ra
ti

o
n
 (

D
ay

) 

H
ea

lt
h

 a
n

d
 S

af
et

y
 R

ec
o

rd
 

(n
w

a/
1

m
. 

∑
m

x
h

) 

M
an

ag
em

en
t 

(Y
ea

r)
 

P
ro

d
u

ct
io

n
 a

n
d

 C
ap

ac
it

y
 

(m
2

/d
ay

) 

R
ep

u
ta

ti
o
n

 (
o

u
t 

o
f 

4
) 

L
o

ca
ti

o
n
 (

k
m

) 

A 1,955,000 1,900,000 3 2 1,260,000 77 2 20 40 3 160 

B 1,756,000 1,600,000 3 3 600,000 71 3 23 44 2 110 

C 1,820,000 1,100,000 2 4 850,000 67 2 21 47 2 10 

D 1,925,000 1,300,000 4 1 780,000 63 4 19 50 3 10 

E 1,892,000 400,000 2 2 1,120,000 57 5 11 56 1 10 

F 1,673,000 1,800,000 3 3 250,000 81 3 25 38 1 60 

G 1,770,000 2,000,000 1 2 520,000 87 4 27 35 2 140 

H 1,690,000 600,000 2 2 120,000 89 5 32 34 2 80 
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Table 5. Decision matrix 

  K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 

OPT. 1,673,000 2,000,000 4 4 1,260,000 57 2 32 56 3 10 

A 1,955,000 1,900,000 3 2 1,260,000 77 2 20 40 3 160 

B 1,756,000 1,600,000 3 3 600,000 71 3 23 44 2 110 

C 1,820,000 1,100,000 2 4 850,000 67 2 21 47 2 10 

D 1,925,000 1,300,000 4 1 780,000 63 4 19 50 3 10 

E 1,892,000 400,000 2 2 1,120,000 57 5 11 56 1 10 

F 1,673,000 1,800,000 3 3 250,000 81 3 25 38 1 60 

G 1,770,000 2,000,000 1 2 520,000 87 4 27 35 2 140 

H 1,690,000 600,000 2 2 120,000 89 5 32 34 2 80 

            

Weights 16% 14% 13% 12% 10% 10% 7% 7% 6% 5% 2% 

 

Table 6. Normalized decision matrix 

  K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 

OPT. 0.12 0.16 0.17 0.17 0.19 0.14 0.16 0.15 0.14 0.07 0.22 

A 0.10 0.15 0.13 0.09 0.19 0.10 0.07 0.10 0.10 0.06 0.01 

B 0.11 0.13 0.13 0.13 0.09 0.11 0.05 0.11 0.11 0.11 0.02 

C 0.11 0.09 0.08 0.17 0.13 0.12 0.07 0.10 0.12 0.11 0.22 

D 0.10 0.10 0.17 0.04 0.12 0.12 0.04 0.09 0.13 0.07 0.22 

E 0.11 0.03 0.08 0.09 0.17 0.14 0.03 0.05 0.14 0.21 0.22 

F 0.12 0.14 0.13 0.13 0.04 0.10 0.05 0.12 0.10 0.24 0.04 

G 0.11 0.16 0.04 0.09 0.08 0.09 0.04 0.13 0.09 0.12 0.02 

H 0.12 0.05 0.08 0.09 0.02 0.09 0.03 0.15 0.09 0.12 0.03 

                        

Weights 16% 14% 13% 12% 10% 10% 7% 7% 6% 5% 2% 

 

Table 7. Weighted normalized decision matrix 

 
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 

OPT. 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 

A 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.00 

B 0.02 0.02 0.02 0.02 0.01 0.01 0.00 0.01 0.01 0.01 0.00 

C 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 

D 0.02 0.01 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00 

E 0.02 0.00 0.01 0.01 0.02 0.01 0.00 0.00 0.01 0.01 0.00 

F 0.02 0.02 0.02 0.02 0.00 0.01 0.00 0.01 0.01 0.01 0.00 

G 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 

H 0.02 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.00 
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Table 8. Calculation of optimality function values and the results 

 Si Ki %Ki Rank 

OPT. 0.15    

A 0.11 0.74 73.9% 3 

B 0.11 0.72 72.1% 4 

C 0.11 0.74 74.3% 1 

D 0.11 0.69 68.7% 5 

E 0.10 0.66 65.9% 6 

F 0.11 0.74 74.1% 2 

G 0.10 0.62 62.0% 7 

H 0.08 0.53 52.9% 8 

 

6. Conclusions 

Construction firms, which are business types that 

are operated with commercial profit motivation, 

need an objective approach to place the major 

decision problem of selection of subcontractors on 

a scientific basis. As mentioned in the literature 

review, there are many examples of multi-criteria 

decision-making methods that the subcontractor 

selection can be made with. However, there is no 

publication related to the ARAS method on this 

topic specifically. This is probably due to the fact 

that the ARAS method is one of the very new 

techniques. The ARAS method is one of the multi-

criteria decision-making techniques based on 

quantitative measures and its implementation is 

quite convenient [28].  

 In the study, the subject of subcontractor 

selection from multiple alternatives for 

construction firms, which is a decision-making 

problem with multiple criteria, is exemplified with 

a real case application and it has been demonstrated 

that the ARAS method might be a practical and 

convenient way to solve these kinds of problems for 

construction professionals. In the real case study, 

the properties of 8 different candidates are 

compared with each other according to 11 different 

criteria and found that company “C” is the best 

decision. It is also found that the ranking of the 

companies is: C>F>A>B>F>E>G>H. If this 

method is compared with the conventional method 

in which the lowest bidder wins the tender offer, the 

difference between two methods is better 

understood by the fact that one of the lowest bidder 

H seems like the worst decision in this example. 

This could be explained by the fact that selection of 

alternative H might create some risks and the main 

contractor may deviate from the successful 

completion of the project due to these risks. If the 

sub-contractor selection process is carried out with 

the traditional methods, which might include the 

lowest bid offer, familiarity of candidate or the 

subjective approach of company's managerial 

office, most of the criteria found in the literature 

review would be left out of evaluation.  For 

instance, literature review of this study revealed 

that the criteria of performance history is distinctly 

essential in subcontractor selection process. In other 

words, risk containment and contingency of the 

project should include the provision of poor 

performance of subcontractor. According to the 

case study, performance history of the alternative H 

is one of the lowest value in the list of candidates. 

The risk of poor performance of the alternative H 

may be the cause of the failure of the project 

success. Subcontractor selection with ARAS 

method increases the possibility of the success of 

the project by evaluating the subcontractor 

candidates according to the 11 criteria. 

 As mentioned before, there are other multi-

criteria techniques which were adopted to the 

subcontractor selection problem, such as Analytical 

Hierarchy Process (AHP) and Fuzzy Sets [25,34]. 

The basic difference of the subcontractor selection 

with ARAS method is practicality. Application of 

the method is quite simplistic through Excel. Some 

of the professionals may not have enough time to 
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acquire the theoretical background of the complex 

methods such as AHP or they might not obtain the 

user-friendly fuzzy sets analysis software for 

subcontractor selection. So, the sector professionals 

who need a simplistic solution for the problem of 

subcontractor selection, could learn and apply this 

method quickly. Another novelty of this study 

could be accepted as the proposal of the standard 

criteria set for subcontractor selection problem. 

Since the consistency of the criteria is one of the 

most important factors for this type of a decision 

problem, the future researchers might focus to 

create precise criteria set. 
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