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ABSTRACT: In the construction industry, especially in infrastructure construction, the purchase of
construction equipment is an important investment decision in terms of operational efficiency. In this
process, many factors such as purchase cost, total working hour, model year, fuel consumption, service
network, operation and maintenance cost, should be considered. Increasing the number of factors to be
considered can make the decision-making process complex. In such cases, the use of decision support
techniques will help decision makers to make the most accurate decision. The purpose of this study is to
investigate the effectiveness of the AHP technique in the purchase of heavy construction equipment in the
construction sector. In the evaluation of the alternatives determined by the purchasing unit, eight criteria
were used, four quantitative and four qualitative. Data regarding quantitative criteria were obtained
through market research conducted by the purchasing department, and data regarding qualitative criteria
were obtained through face-to-face surveys with four experts. For the analysis, the Analytic Hierarchy
Process (AHP) technique, which is widely used for decision support purposes, was used, and the criterion
with the highest importance weight was determined as the periodic maintenance cost. The results
obtained from the study show that multi-criteria decision making (MCDM) methods are effective to help
decision makers in the purchase of heavy equipment in the construction industry.

Keywords: Analytical Hierarchy Process (AHP), Heavy Construction Equipment Purchasing, Multi-criteria
Group Decision Making

1. INTRODUCTION

Heavy equipment has a very important structure in today's industry and construction sector. Heavy
equipment used in the construction industry are the direct execution of work. The employment of heavy
construction equipment has been demonstrated to have a number of beneficial effects on construction
projects. Firstly, it has been shown to reduce the need for manual labour, thus reducing the time taken to
complete the project. Secondly, it has been demonstrated to increase work efficiency. However, the
financial outlay required for the procurement of heavy construction equipment is substantial, given the
equipment's high cost. It is necessary to consider not only the purchase cost of the heavy equipment, but
also the long-term operating and maintenance costs. Many factors such as fuel consumption, service
network, maintenance and spare parts costs, user recommendations and brand reliability of a construction
heavy equipment directly affect the purchasing cost. When purchasing a second-hand heavy equipment,
the model year of the equipment and its total working hours are also added to these factors. In addition,
the compliance of a heavy equipment with sectoral ranges is also an important factor from a technical
perspective. Therefore, the decision to purchase a heavy construction equipment often requires analysis
of numerous technical and commercial criteria.

Decision making is the key to any outcome, especially the establishment of a job or project in the
construction industry, especially in capturing the multitude of information and possibilities it can contain.
MCDM is an important tool in solving decision problems because more than one criterion and goal is not
taken into account at the same time. For solving real comprehensive design analyses, different MCDM
methods are constantly being developed and increasingly adopted [1]. Equipment selection is a very
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important decision problem in terms of production program activities. Since many criteria such as
production planning, costs, capacity and payments must be taken into consideration in the selection
process of the appropriate machine, an effective decision-making tool is needed for the equipment
selection problem. MCDM techniques, which stand out with their applicability in many fields, can be used
as an effective solution tool in this regard [2]. Equipment selection for construction projects is an important
decision in the success of the solution and is part of the complexity [3]. Selecting the right equipment for
the project is a multifaceted process of evaluating the costs and benefits of its components [4]. Making
wrong choices when purchasing a heavy construction equipment will result in increased costs and
replacement. Therefore, correctly managing the heavy construction equipment to be purchased is a
critically important decision. In order to properly protect your purchase, many alternatives and factors
must be evaluated together. This situation can make the decision-making process extremely complex and
you can expand the appropriate decision support system units to make the right choice. This is where
MCDM protocols come into play. By taking into account multiple factors, MCDM supports decision
makers in making appropriate choices by ensuring that multiple alternatives are accurately cut out.
MCDM is a widely used method to determine the right alternative in complex situations with many
variables. MCDM techniques are used successfully in different sectors and application areas. Many factors
usually need to be taken into account when making important and costly decisions, such as purchasing a
heavy equipment. For this reason, MCDM techniques provide important guidance to decision makers in
the selection of heavy equipment. MCDM research has developed rapidly and has become a major area of
research to address complex decision problems [5]. In the modern economy, choosing the most suitable
machine is very important to increase the level of production and generate income. In addition, machine
selection becomes difficult with the increase in the number of alternative machines and conflicting criteria
[6]. Decision making in project management in construction has always been complex, especially when
multiple criteria are considered. MCDM has been frequently used for complex decisions in the
construction industry where many criteria are involved [7].

A thorough analysis of extant literature reveals that the predominant research themes within the
domain of MCDM encompass the selection of machinery and equipment, the selection of site and area,
and the selection of suppliers and contractors.

A plethora of studies have been conducted on the utilisation of MCDM in the selection of machinery
and equipment. Chamzini and Yakhchali [8] developed a decision making model. The developed model
based on fuzzy AHP and fuzzy TOPSIS to evaluate the potential of tunnel boring machines (TBMs) and
select the best one from the pool of alternative TBMs with using MCDM methods. Fuzzy AHP based on
pairwise comparison was used to obtain the weights of the evaluation criteria, while fuzzy TOPSIS was
used to prioritize suitable alternatives. The weights obtained from fuzzy AHP were used in fuzzy TOPSIS
calculations and included in the TBM selection problem, and the ranking order was assigned according to
the weights. In the end, the alternative TBM with the highest number of points was selected. In addition,
a sensitivity analysis was carried out to determine the effect of the weighting of the criteria on the TBM
selection problem. The proposed model has shown that the evaluation and ranking of alternatives under
the lack of partial or quantitative information can be done. In the study conducted by Kurtay et al. [9], 5
main criteria and 19 sub-criteria were determined, taking into account expert opinions, to determine the
hierarchical structure commonly used in the literature in order to evaluate alternative suppliers for the
supply of plastic pipe welding machines. The importance levels of the criteria were calculated using the
AHP method. The evaluation and ranking of the 5 alternative suppliers, which were taken into account in
the weights obtained as a result of AHP, were made with the Gray Relational Analysis Method. Tolun and
Tumtiirk [10] aimed to find a solution to the equipment selection problem of a business that needs to
purchase an equipment, taking into account many criteria. Due to the difference in priorities of the
manager, the criteria taken into account when purchasing machinery are weighted with AHP. In order to
choose among the different alternatives determined by the business, the most suitable one was selected
with the help of Gray Relational Analysis. Giirgen and Altin [11] made a comprehensive evaluation of
ship main engine selection criteria using the Fuzzy AHP. This method provides a systematic framework
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for evaluating criteria that include qualitative and quantitative data based on their relative importance.
Three main criteria were identified for the selection of main machinery: economic, technical and company-
related, and each major criterion was detailed with four sub-criteria. The results showed that when the
relative importance of each sub-criterion was evaluated together, fuel consumption emerged as the highest
priority, constituting the overall importance. The findings of the study conducted by Stirbanovic et al. [12]
demonstrate the applicability of MCDM methods such as TOPSIS and VIKOR in the selection of flotation
machines. The evaluation of five flotation machines was conducted by three experts using ten criteria
divided into three groups: constructional, economical and technical. The findings of this evaluation
constituted the basis for application of VIKOR and TOPSIS methods. The results of the evaluation process
demonstrated that the machine A4 exhibited the optimal performance inboth methods.

A considerable number of studies have been conducted on the utilisation of MCDM in the context of
site and area selection. Biluca et al [13] studied to create a methodology for mapping suitable areas for the
receipt of inert waste from medium and small sized cities. They used AHP and ELECTRE TRI methods
for this purpose. The proposed methodology based on geographic information system (GIS) has been
shown to facilitate the decision-making by allowing analysis of the entire region in regional management
models. Wang et al. [14], developed a decision making model, based on improved TOPSIS and GIS, for
the site selection planning of integrated power plants. First, GIS was used to identify suitable areas for
construction. Secondly, with the integration of GIS function, a comprehensive evaluation index system for
society, nature and economy was established by using the AHP method to calculate the weight of each
index to obtain the final optimal location. Finally, the TOPSIS model was used for the ranking of the
alternative locations and the ranking results were as follows. The analysis result effectively confirms that
the improved TOPSIS technique can improve the accuracy of the location selection decision for integrated
power plants. Karabigak et al. [15] aimed to determine the most suitable construction site location among
the alternatives determined on the route for a highway construction. Fuzzy AHP and TOPSIS methods,
which are MCDM techniques, were applied together to evaluate the alternatives. Among these methods,
the criteria were weighted with Fuzzy AHP, and the alternative locations were ranked according to their
suitability with TOPSIS. As a result of the evaluation, the most important criteria were revealed and a
preference ranking was made among alternative construction sites. Ding et al. [16] aimed to determine
station areas, which is an important step in planning of transportation on high-speed train lines.
Determining and optimizing station locations is very important for increasing the preferability of the line
and in the line efficiency. First, the importance weights of possible station locations on the Ankara-Sivas
high-speed train line were determined using the AHP, in this study. Then, a target programming model
was established with the aim of achieving the targets of importance weight, proximity to the center and
maximum population, and special constraints. According to the results obtained, station locations on the
line were determined. In the study conducted by Cetin et al. [17], it is shown that quantitative decision-
making methods can be used as decision support systems in making investment decisions and in
situations that require choosing among available alternatives, and it is recommended to benefit from these
methods. In the study, the problem of land selection for residential construction was discussed as a
decision-making practice in the construction industry. An evaluation was made by taking into account the
fuzzy AHP as a method that can assist the decision maker in the land selection decision. It has been shown
that the fuzzy AHP method can be used as a solution offering tool while solving a multi-objective decision
problem, taking into account uncertainties. Tagkaya and Ulutas [18] aimed to identify the most suitable
points for investment in order to establish a restaurant by using GIS, AHP and TOPSIS techniques. The
determined alternatives were evaluated with AHP and TOPSIS techniques. The results obtained show that
it is easier to determine suitable areas for restaurants, business centers, shopping malls, commercial,
residential and commercial buildings. Giimiisay et al. [19] defined areas suitable for building a marina
using topographic and demographic data on an existing coastline by applying the AHP MCDM method.
The AHP method was used to weight to each data set in this study. A methodology was proposed for the
integration of multiple data sets that were of different scales and types. Using the proposed methodology,
it has been shown that it is possible to create a decision support system for upper-scale plans that will



Selection of Heavy Equipment with Multi-Criteria Group Decision Making Method for the Purchase Operation Industry 1308
in the Construction

enable authorities to conduct analyzes accurately, cost- and time-effectively. In the study conducted by
Colak [20], examines wind energy. The objective of this study was to enhance efficiency by identifying the
optimal location for the construction of a wind power plant. Following consultation with experts in the
field and reviewing literature, 16 criteria were identified for site selection. The present study utilized the
fuzzy AHP and DEMATEL methods. The analyses indicated that Balikesir province is the best location
for the construction of a wind power plant. Shao et al. [21] present an integrated methodology that
combines GIS, MCDM and ANN techniques for optimal site selection. In this regard, they have developed
a comprehensive set of criteria encompassing environmental, technical, economic, and social dimensions.
This research contributes to theoretical understanding in site selection and wave forecasting while
providing a practical and adaptable framework for stakeholders involved in renewable energy projects.
The objective of the study conducted by Xuan et al. [22] was to ascertain the most suitable location for
solar-powered hydrogen production in 13 provinces of Uzbekistan. This study is employes the Stepwise
Weight Assessment Ratio Analysis (SWARA) for criteria weighting and using the Weighted Aggregated
Sum Product Assessment (WASPAS), the COmplex PRoportional Assessment of alternatives (COPRAS),
the Evaluation Based on Distance from Average Solution (EDAS), and the Weight Sum Model (WSM) for
ranking locations. All ranking methods identify Bukhara province as the most suitable location for solar-
powered hydrogen production in Uzbekistan.

Another area in which numerous studies have been conducted on the use of MCDM is the selection
of suppliers and contractors. Aydin and Eren [23] focused on a hybrid method based on AHP and TOPSIS
that determines the best supplier up to the selected criteria, in order to select the best supplier for a critical
sub-part of the defense industry. For this; AHP and TOPSIS algorithms were used to make a selection in
line with the criteria of cost, quality, machinery, delivery, technical competence and qualified
workmanship. It is considered as a suitable approach for supplier selection problems. The results obtained
show that the model works correctly. Daulay and Dinariyana [24], were used MCDM method for shipyard
selection. The method used for selection is a combination of the AHP and the TOPSIS. While AHP is used
to determine the weights of the criteria and sub criteria used in the selection, TOPSIS is used to determine
the shipyard selection priorities based on the weights of the criteria and sub criteria created from the AHP
process. According to the analysis results of six different shipyards in the region, the priority order of the
shipyards recommended by the company for shipbuilding was obtained. And sensitivity analysis showed
that the results produced on shipyard selection were quite robust. Jabbarzadeh [25] presents a MCDM
method for contractor selection. Six criteria are used in the proposed study; financial stability, experience,
manpower resources, quality performance, current workload and equipment resources to evaluate
various contractors. The study ranks the criteria and finds their relative importance using the AHP. The
Ranking of TOPSIS technique is then used to rank alternative contractors based on these criteria. The
results obtained show that the ranking is important in terms of support to decision makers. Cheng and Li
[26] suggested that MCDM is a suitable method for contractor selection. AHP and analytical network
process (ANP), which are MCDM techniques, were used to select the most suitable contractor. Seth et al.
[27] focused on the supply chain of a large-scale residential project to demonstrate the role of
competitiveness and supplier profile and its impact on supplier evaluation based on current market
conditions. Different scenarios have been investigated to reveal the impact of competition on supplier
evaluation. MCDM has been used to evaluate various situations. The results obtained show that the
evaluation method presented in the study can be applied to project-based situations such as oil refinery
and shipbuilding where many suppliers are involved. In their study Ma and Li [28] developed a decision
support system for supplier quality assessment. The system is presented as a conceptual framework
consisting of three modules: the decision matrix and criteria initialization module, the MCDM method
selection and implementation module, and the aggregation module. The system has been developed for
the purpose of enabling the dynamic monitoring and evaluation of the supplier and product quality
performance. The results of this study demonstrate that the decision support system provides more robust
and reliable evaluation results in comparison to traditional individual MCDM method.

Apart from these, researchers have also investigated issues related to MCDM, such as construction



1309 S.T. GUVEL

cost and time [29], construction waste management [30, 31], construction method [32], selection of private
partners in housing sector [33], research and development activities [34], stock management [35], facility
planning [36], and sales of a company that builds low-rise buildings/villas [37].

The aim of this study is to examine the applicability of the AHP technique, a widely utilised method
in purchasing processes, in the acquisition of heavy construction equipment. The utilisation of MCDM
methodologies in the context of equipment selection is predominantly employed in the operation of
industrial facilities. In the field of construction, MCDM methods are predominantly employed in the
domains of site selection and contractor selection. The originality of this study is that it provides a
framework for how AHP technique can be used in heavy construction equipment selection in the
construction industry. In the study, first of all, the factors and alternatives that should be taken into
consideration in the heavy construction equipment purchasing process were determined. Then, based on
these factors, the score ranking of the alternatives was determined as a result of the evaluation using the
AHP method. It is evaluated that the results obtained from this study will contribute to the studies carried
out in the coming years on purchasing problems in the construction sector.

2. MATERIAL AND METHODS

In this study, the use of MCDM techniques was investigated in purchasing a heavy construction
equipment to be included in the heavy equipment pool of a construction company operating in
infrastructure construction. For this purpose, considering the required features of a 30 ton operating
weight crawler excavator as the heavy construction equipment to be purchased and the budget of
75,000.00 USD allocated for the purchase, 7 alternatives were notified to the purchasing department by
the requesting construction site management. The AHP often uses seven elements and puts them in
clusters if there are more [38]. The purchasing department determined the values of four quantitative
criteria, namely brand, purchasing cost, total working hours and model year of each of the alternatives,
through market research. Four qualitative criteria were discussed: fuel consumption, spare parts and
technical service network, periodic maintenance cost and references. Data regarding qualitative criteria
were obtained through face-to-face surveys with the founding partners of the company in question, the
equipment pool manager and the heavy construction equipment chief operator. Regarding the heavy
construction equipment, the company partners have over 30 years of experience, the pool manager has 25
years, and the chief operator has 20 years of experience.

AHP, one of the MCDM methods, was developed by Thomas L. Saaty [38]. The AHP method helps to
capture both objective and subjective aspects of a decision. It reduces complex decisions and synthesizes
the results [39]. AHP provides a MCDM platform that allows decision-makers to assign weights to each
element in a decision model, which is necessary for index calculation. AHP can capture the subjective
judgments of decision-makers and then transform them into numerical values [40]. In MCDM problem:s,
after the problem is identified, criteria and alternatives for the solution are determined. A hierarchical
structure is built for decision making, and as a result, the most suitable alternative is selected.

The AHP method is used to determine the priorities or weights of different criteria and alternatives
and to determine the most suitable alternative. In this process, the steps are building the hierarchical
structure of the problem, creating a pairwise comparison matrix, calculating the weights using the matrix,
and evaluating the consistency of the existing data. If the data is consistent, the most appropriate
alternative is selected. In the process steps, the values showing the importance levels given in Table 1 are
used in pairwise comparisons for the criteria.
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Table 1. The Fundamental Scale by Saaty [38]

Intensity of Definition Explanation

Importance

1 Equal importance Two activities contribute equally to the objective

3 Moderate importance Experience and judgment slightly favor one activity over
another

5 Strong importance Experience and judgement strongly favor one activity
over another

7 Very strong or An activity is favored very strongly over another, its

demonstrated importance  dominance demonstrated in practice

9 Extreme importance The evidence favoring one activity over another is of the
highest possible order of affirmation

2,4,6,8 For compromise between When compromise is needed

the above values

AHP process steps are given below.

Step 1: The decision hierarchy is built. Criteria, sub-criteria and alternatives are determined.

Step 2: In comparing the criteria according to the purpose, pairwise comparison matrices are created
according to the values suggested by Saaty (1990) given in Table 1.

Step 3: The eigenvector of the matrix is calculated and priorities are determined.

Step 4: The consistency of the comparisons is calculated. A consistency ratio of 0.10 or less is positive
evidence for informed judgment [38].

In recent years, AHP, one of the MCDM methods, has attracted great attention from researchers and
experts in many disciplines. There are many scientific studies and publications prepared using the AHP
method [41].

The issue of purchasing heavy construction equipment was resolved with the "Group Decision
Making" approach. The methodology applied in the study is given as a flow chart in Figure 1.
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Figure 1. Purpose and Criteria of the Study
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3. RESULTS AND DISCUSSION
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The surveys used in this study consist of two stages. In the first step, participants were given grades
out of 10 for the qualitative evaluation score, with 1 being the worst and 10 being the best. Evaluation of

quantitative and qualitative criteria is given in Table 2.

Table 2. Scores of evaluation of quantitative and qualitative criteria

Quantitative Measures

Qualitative Measures

Co-Founder-1

Co-Founder-2

Equipment Pool
Manager

Heavy

Construction
Equipment Chief

Operator

4 4 4 4
== = = ==
g g g S
Z Z Z Z
[«F] [«F] [«F] [«F]
z z z z
£ ke g 8 8
v > > > >
& o o o o
= =3 B AL B . Ao
g 5 5 Z 5 B 5 £ 5 Z
g 3 g O g O g O g O
=2 8 &2 g|§5 & ¢ § & ¢ g & ¢ § & ¢
s % T L Z|43 2zlesofog|iyofoz|le o
Z g 2 £ T|lg & £ S|lg & & =S|lg § £ S|g § £ =
w E o < Hl 5 &2 & 2|3 8 & P25 g & >l 35 8 & >
R - ) 5 ) a £ = g a £ = g @ g = ] a £ = g
= ©° & = >l & 2 gl & 2 g8 & 2 gl & g ¢
£ o 5 - (VU o 8B 1O 4 T E|U L, T gIO o T QL
g g 5 s Blv 5 € g|v 5 € £|v 5 € &|v 5 € £
< & & g Sl & & gl& & & gl &F & S|l8 &F & &
1 A 66000 17500 2007 8 10 3 9 7 8 3 9 8§ 10 1 9 8§ 6 3 9
2 B 64500 26.000 2008 8 10 3 9 7 6 6 7 8 10 1 7 8 8 3 9
3 C 67000 16700 2010 8 8 8 8 7 8 5 10 8 10 1 9 8 9 8 9
4 D 70500 14.800 2011 8 9 7 8 7 8 5 8§ 8 7 3 5 8§ 8 7 8
5 E 73500 32.000 2007 8 6 9 6 7 8 7 8 8 7 3 5 8 7 7 7
6 F 63000 17000 2008 8 7 5 10 7 10 5 10 8 10 1 10 8 10 10 10
7 F 70300 14750 2013 8 7 5 10 7 10 5 10 8 10 1 10 8 10 10 10

In the second step, each of the quantitative and qualitative criteria was scored by comparing them
with all other criteria separately. According to the first stage survey results, since all participants scored
the "fuel consumption" criterion at the same value for all alternatives, the "fuel consumption" criterion was
not included in the second stage of the survey.

The comparison of the criteria in the second step is given in Tables 3, 4, 5 and 6, respectively.
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Table 3. Comparison of criteria by Co-Founder-1

Total Model Year Spare Parts and Periodic
Purchase : . . . Reference
Working of  Heavy Technical Service Maintenance
Cost . Value
Hour Equipment Network Cost
Purchase Cost 1 3 2 5 1/5 5
Total ki
otal - Working ;3 1 1/5 1/5 1/5 1/5
Hour
Model ~Year —of =, 5 1 4 1/3 13
Heavy Equipment
Spare Parts and
Technical Service 1/5 5 1/4 1 1/5 1/3
Network
Periodic
5 5 3 5 1 3
Maintenance Cost
Reference Value 1/5 5 3 3 1/3 1
Table 4. Comparison of criteria by Co-Founder-2
Total Model Year Spare Parts and Periodic
Purchase . . . . Reference
Working of  Heavy Technical Service Maintenance
Cost . Value
Hour Equipment Network Cost
Purchase Cost 1 5 2 5 3 3
Total Working 15 1 15 5 ’ ’
Hour
Model Y_ear of 12 5 1 3 3 3
Heavy Equipment
Spare Parts and
Technical Service 1/5 1/2 1/3 1 2 3
Network
Periodic
1/3 1/2 1/3 1/2 1 3
Maintenance Cost / / / /
Reference Value 1/3 1/2 1/3 1/3 1/3 1
Table 5. Comparison of criteria by Heavy Equipment Pool Manager
Total Model Year Spare Parts and Periodic
Purchase . . . . Reference
Working of  Heavy Technical Service Maintenance
Cost ) Value
Hour Equipment Network Cost
Purchase Cost 1 2 1 3 1/5 5
Total Working 12 1 15 1 17 17
Hour
Model Y f
odel ~Year 0 1 5 1 1/5 1/3 1/5
Heavy Equipment
Spare Parts and
Technical Service 1/3 1 5 1 1/5 1/5
Network
Periodic
7 1
Maintenance Cost > 3 > 3
Reference Value 1/5 7 5 5 1/3 1
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Table 6. Comparison of criteria by Heavy Construction Equipment Chief Operator

Total Model Year Spare Parts and Periodic
Purchase . . . . Reference
Working of  Heavy Technical Service Maintenance
Cost . Value
Hour Equipment Network Cost
Purchase Cost 1 5 2 1/2 1/3 1/2
Total ki
ot Working 4 1 1/5 1 13 1/5
Hour
Model Y.ear of 12 5 1 1 13 13
Heavy Equipment
Spare Parts and
Technical  Service 2 1 1 1 1 1/3
Network
Periodic
3 3 3 1 1 1/2
Maintenance Cost /
Reference Value 2 5 3 3 2 1

The evaluations of co-founder-1, co-founder-2, equipment pool manager and heavy construction
equipment chief operator are given in Tables 3, 4, 5 and 6, respectively, with pairwise comparisons.

The concept of pairwise comparisons is based on the evaluation of pairs of options. In the next step,
the values representing the group decision for each criterion were calculated by taking the geometric
mean. The eigenvector corresponding to the largest eigenvalue of the pairwise comparison matrix is
calculated. Following the determination of the eigenvector, it is imperative that the consistency arising
from the evaluations of the decision makers is tested. The calculation of rates is an essential step in the
process.

In Analytical Hierarchy process (AHP) methodology, the consistency ratio is defined as CR, where CR
is calculated as CI/RI. In accordance with Saaty (2012), the consistency ratio (CR) of 0.10 or lower has been
demonstrated to be acceptable in terms of the continuation of AHP analysis [42]. In instances where the
result exceeds 0.10, it is imperative that a thorough review of the decision is conducted to ascertain the
root cause of the discrepancy and implement necessary corrections.

As a result of the calculations, the consistency index was found to be CI=0.094623 and the consistency
ratio CR=CI/RI was found to be 0.076309. The results were considered consistent because the CR value
was less than 0.10.

In the next step, the weights of the qualitative and quantitative criteria were calculated (Table 7). In
the next step, scores and rankings were determined in the calculations made using these matrices (Table
8).

Table 7. Weight of criteria

Criteria Weight
Purchase Cost 0.231143
Total Working Hour 0.063863
Age / Model Year of Heavy Equipment 0.154254
Spare Parts and Technical Service Network 0.104846
Periodic Maintenance Cost 0.272596

Reference Value 0.173297
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Table 8. Ranking of alternatives

Alternatives Score  Rank
Alternative-1 0.731433 7
Alternative-2  0.739328
Alternative-3 0.876421
Alternative-4  0.8477
Alternative-5 0.791953
Alternative-6  0.890921
Alternative-7 0.923576

— N s W

As a result of this study, according to the findings obtained in the application made with the group
decision-making approach in the heavy construction equipment purchasing problem, when the
importance weights are ranked from highest to lowest as a result of the AHP method, the highest criterion
weight is periodic maintenance cost with a value of 0.272596, and the second is the purchase cost with a
criterion weight of 0.231143. The fact that the highest criterion weight is the periodic maintenance cost has
been interpreted as being due to the very hard working conditions of heavy construction equipment
operating in the construction sector, unlike other sectors. The lowest criteria weights are attributed to total
working hours, with a criteria weight of 0.0633863, and spare parts and technical service network, with a
criteria weight of 0.104846. This phenomenon is interpreted as a shift in which the provision of good
technical service is no longer a determining factor, due to the enhancement of service quality across all
brands and the facilitation of access to spare parts through logistics services in the globalised world. The
enhancement in technical service has the effect of reducing the importance of total working hours, as
equipment repair and maintenance is carried out correctly and in a timely manner. Therefore, in the
evaluation of alternatives, the importance of any criterion is important, as well as whether there is a
difference between the alternatives with respect to that criterion. In the study conducted using the AHP
method, it was found that the most suitable construction machine model was Alternative-7.

In AHP method the weights of alternatives are dependent on the priorities of attributes and sensitivity
analysis, concept can be studied under variations in the weights of attribute and based on the following
procedure changes in attribute priorities that obtain from the behavior of decision makers can cause
changes in the alternative weights [39]. At the stage of evaluating the consistency of the evaluations of
decision makers; The eigenvalue matrix was found by multiplying the comparison matrix and the weight
matrix. After calculating the largest eigenvalue, the consistency index and consistency ratio were
calculated. As a result of the calculations, the consistency ratio was found to be 0.076. Since the calculated
consistency ratio value is less than 0.1, it is concluded that the evaluations of the decision makers are
consistent.

4. CONCLUSIONS

In the construction industry, especially in infrastructure construction, the purchase of construction
equipment is an important investment decision in terms of operational efficiency. In this process, many
factors such as purchase cost, total working hour, model year, fuel consumption, service network,
operation and maintenance cost, should be considered. Increasing the number of factors to be considered
can make the decision-making process complex. In such cases, the use of decision support systems will
help decision makers to make the most accurate decision. Heavy construction equipment purchasing
decisions are complex processes that generally require the evaluation of many alternatives and criteria.
The objective of this study is to examine the potential of the AHP technique, a prevalent method in
purchasing processes, to facilitate acquisition of heavy construction equipment. For this purpose, it is
shown how multi-criteria group decision-making techniques can be used in the purchase of construction
equipment. For the analysis, the Analytic Hierarchy Process (AHP) technique, which is widely used for
decision support purposes, was used. According to the results obtained from spesicifally this study, the
criterion with the highest criterion weight with the AHP method is the periodic maintenance cost and the
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second criterion is the purchasing cost. Data regarding qualitative criteria were obtained through personal
evaluation of experts and may vary depending on expert opinions. The results reveal that multi-criteria
group decision-making techniques provide decision makers with a systematic approach based on the
evaluators' scoring, and make the decision process more efficient and effective. The results obtained from
the study are important for equipment purchase, especially in the construction sector, where every other
project has different characteristics.

In the future, wider application of such decision support systems will allow more optimal choices to
be made, especially in large-scale projects. Integration of MCDM techniques also offers decision makers
greater transparency and comparability between alternatives.
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