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 The construction projects are being highly mechanized. With the growth of the 

construction industry, the equipment is vital to achieve stable and efficient productivity. 
During the construction phase, choosing the right equipment is a key factor in the 

success of the project and the decision by the selection and implementation of the 

project is achievable with available equipment. Observing this leads to a reduction in 
the cost of construction and operation of energy consumption and thus preserving the 

national capital. High importance of this issue and the selection criteria to make 

decisions based on the achievement of sustainability principles in the field of 
construction and equipment selection are discussed in this paper.Therefore, a 

questionnaire was made and distributed to evaluate the factors and their importance 

among the professionals in this sector. The important factors were the stabilization and 
energy management and equipment costs assessed. Questionnaire data were collected 

and analyzed using the Likert analysis. The results of this study help in the decision 

related to the selection of equipment for construction purposes. 
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INTRODUCTION 

 

 Sustainable development in the general sense means to provide reasonable needs of the present generation 

without compromising the ability of future generations and this was turned into a global program after the 

Commission on Sustainable Development (CSD). 

 Primarily for better monitoring and evaluation indicators can be determined for each subject and indicators 

are considered for sustainable development. The three main indicators of economic, environmental and social 

sub-indices are raised with them.Index is a tool for comparing changes in a phenomenon in two different times. 

The projects will also be an important part of a country's development programs in terms of assessing the 

sustainability. The approach of the three indicators for sustainable development needs its specific indicators.  

 If all aspects of their actions are addressed in the interaction between the three components of sustainable 

development, the result will be favorable for sustainable development. 

 Equipment required in the construction industry is the most important part of the project to achieve the goal 

of sustainable energy and reducing the costs of the industry is a major factor in their selection carefully. 

According to information from the CIB in 1998, 54% of energy consumed in America, is either directly or 

indirectly in connection with construction activities. MOC-1999 report indicates that approximately 25% of the 

energy consumed in China is directly related to the implementation of the construction activities [3]. Significant 

impact of construction activities is on environmental aspects, economic, social, environmental protection and 

their potential to contribute to the implementation of sustainable development. So it seems logical and essential 

to pay attention to sustainability in every part of the development project. 
 In the present study, which aims to make decisions and choices needed for projects to reduce energy 
consumption and the cost and thus achieve a sustained basis, after reviewing the findings of research conducted 
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in this area, the basic criteria for selection of stable equipment is studied and the distribution of a questionnaire 
based on important factors in the selection of equipment and collection of information, the statistical analysis of 
the Likert method is discussed and finally, the most important criterion and deciding factors will be provided for 
a sustainable approach in energy and cost savings. 
 
Studies conducted on the selection criteria for construction equipment: 
 Previous studies show that proper selection of equipment has always been an important stage of a project 
[20]. With growing industrialization and automation, making the best decision for the company has become 
more and more complex [17]. Great deal of research has been done in this area [8]. For example, Chan criteria 
for selection provided that the materials, techniques, and the economy was their main strategy [5]. Bascetin in 
2003 it was used to decide which method of qualitative and quantitative factors in the selection of equipment is 
used. His classification criteria are classified as cost and technical performance [2]. In a study conducted in 2005 
by Shapira and Goldenberg list of tangible and intangible presented. Tangible factors, technical specifications, 
site conditions, and environmental and cost factors such as quality and safety laws and regulations are included 
[9]. Chamzini and Yakhchali in 2012introduced 2 sets of criteria, including cost and performance [4]. 
 
Selection criteria for achieving sustainability goals: 
 Selection criteria to achieve a lot will depend on factors that can access detailed information and analysis 
[1]. In terms of sustainability, integrated approach can be defined to include appropriate measures that reflect 
aspects of economic, environmental and social [18]. In 2002, Foxon et stability criteria decision introduced a 
system that was highly regarded in the construction industry [7]. Then Labuschagnea and colleagues (2005) 
noted that the United Nations Commission on Sustainable Development (CSD) has defined four key elements to 
achieve their sustainability goals. The stability of the CSD includes social, environmental, and economic and 
company [12]. 
 Singh in 2009, said the importance of sustainability indicators achieved significant and efficient tool for 
strategy formulation and can be used in all phases of a construction project [19]. 
 The figure below shows how widespread the stability criterion is in the selection of equipment s [16]. It can 
be seen that the most important factors of economic, social, technical and environmental relationships are 
fundamental in shaping the sustainability criteria. 
 

 
 
Fig. 1: Diagram of the development of sustainability criteria in the selection of construction equipment [16]. 
 
 The stability criteria for equipment and materials can be expressed as follows: 
 
Research: 
 This research uses both qualitative and quantitative research methods were conducted. Results of the 
qualitative research method with basic background information on the development and selection of equipment 
for sustainable construction is the place. At this stage of the investigation, the information published in this issue 
of publications, magazines, conferences, Internet and other research reports were analyzed. Full-probe study on 
secondary data to develop a research framework is intended to help. At this stage, all the relevant factors for the 
selection of equipment for sustainable construction in the report have been listed and examined. 
 A total of 150 civil experts for interviews and questionnaires were pilot study. The test results provide a 
snapshot of satisfactory survey questionnaires, scales and measures, and the questionnaire was assessed using 
Cronbach's alpha coefficient. Then, the collected questionnaires and final review, a total of 38 established 
criteria or parameters extracted the first part of the questionnaire consisted of background activity. In the second 
part of the questionnaire was developed on the basis of the significance criteria. After 150 questionnaires 
distributed on the internet and in the LinkedIn site, 124 completed questionnaires were received and answered. 
 
Analysis: 
Background and general information responsive: 
 The importance of the personal information could be useful for quantitative and targeted analysis. Diagram 
below shows a summary of the contacts. The analysis suggests that respondents were mainly from the private 



440                                                                       Amin Kamalvand et al, 2014 

Advances in Environmental Biology, 8(24) December 2014, Pages: 438-445 

 

sector and have a successful experience. Among them, 44% of respondents have more than 20-yearexperience; 
it will provide very appropriate statistical analysis. 

 
Table 1: Selected factors and sub-factors of materials and equipment. 

economic and social measures engineering standards Environmental standard 

Greenhouse gas emissions 

Consumption of fossil fuels 
Energy Saving 

Soundproofed 

Vibration Control 
The amount of suspended particles 

The use of biodegradable lubricants 

And hydraulic oil 
Environmental legal compliance 

AgeEquipment 

AbilityEquipment 
Reliabilityof equipment 

Equipmentperformance 

Life CycleEquipment 
EfficiencyEquipment 

Energy Efficiency 

system components 
Controlandinformationsystem 

Compliancewiththe conditions ofthe site 

Viewed fromtheroadand thedistance 
The versatility of theequipment 

Easy maintenance 

Standardmachine/equipment 
Available spare parts 

Cost of Ownership 

Cost of operations 
Access to skilled labor 

Health workforce 

Easily workforce 
Safety Features 

Being professional workforce 

Training for workers 
Contact the seller / supplier 

 

 
 

Fig. 2: Personal information of the respondents. 

 

The analysis of the ranking criteria: 

 The questionnaire is based on the ranking of basic criteria for sustainable equipment selection in which the 

Likert scale is used to analyze the data.In order to ensure consistency and accuracy and reliability, scale value of 

Cronbach's alpha coefficients were calculated and controlled. 

 Internal consistency of each of the three main criteria including the socio-economic, environmental and 

engineering and their initial values were respectively 0.923, 0.967 and 0.969.  Since these values are greater 

than 0.7, therefore, the evaluation criteria is satisfactory and acceptable for internal consistency.For the study, it 

should be noted that the responses were accepted based on the Likert scale. 

 Therefore, the parametric methods are used to assess respondents' preference [21]. The relative importance 

of criteria is used for determining the relative importance of the sustainable criteria. The relative importance 

index (RII) is a nonparametric method widely used by researchers of management, construction and equipment 

for the analysis of structured questionnaire responses assessment of the attitudes was utilized by descriptive data 

[22]. For this part of the questionnaire, the five-point Likert scale of 1 to 5  
  (1 means completely unimportant, 2 means less important, 3 means a neutral or impartial, 4 and 5 means 
very important means extremely important and the relative importance index (RII) was used for each sustainable 
criterion.The following formula is used to find the relative index [16]. 

5 4 3 2 15 4 3 2 1

5

w n n n n n
RII

A N N
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 Where w represents the weight and is assigned to each variable by the respondent, A is the maximum 
weight, and N is the total number of respondents. RII value is ranging from 0 to 1 and zero is not included. This 
suggests that as the amount of RII increases, the sustainable criteria will be more important and vice versa. RII 
with the corresponding importance is measured form the transformation matrix proposed by Chen et al [6]. 
According to this matrix, the importance of RII is obtained in the following table. 
 
Table 2: The level of the indicator RII. 

Level of importance Relative importance indicator(RII) 

high(H) 1> RII >8/0 

high -Medium (H-M) 8/0> RII >6/0 

M 6/0> RII >4/0  

Average-Low(M-L) 4/0> RII >2/0 

Low(L) 2 /0> RII >0 

 
 Finally, Table 3 shows the relative importance index (RII) for sustainable criteria parallel to their 
corresponding ranking of the importance.it is evident from the table rankings that twenty five criteria are known 
as the importance of the "high". The selections of construction equipment are considered as the most important. 
The indicators of the importance of "high" relative index (RII) were in the range of 0.820-0.875, respectively. 
The rating criteria included measures of socio-economic, environmental and engineering requirements.25 
indicators are: 
 Eng1: productivity, equipment, SE3: safety, SE1: cost of ownership; Eng2: access to spare parts, SE2: 
operating costs, Eng3: performance equipment, Eng5: reliability of equipment, Eng4: easy maintenance, SE4: 
access to local skilled operator, Eng6: capacity equipment, Eng7: operational life of the equipment, Eng8: 
meeting the needs of business / operations, Eng9: fuel efficiency, En1: Energy Saving , SE5: Health workforce, 
En2: The amount of particulate matter or body, SE6: workforce skills, En3: greenhouse gas emissions; 
 En4: controlling loss of oil SE7: training needs of the workforce, Eng11: the rate of equipment 
deterioration, En5: fossil fuel consumption, Eng12: system implementation and En6: noise control. 
 “equipment Efficiency " was the highest priority among those listed in Table 3 ranking. 
  The index value is equal to 0.875 RII and is considered as the most important parameter for controlling and 
planning projects. The second criterion is the "safety features" with the RII is equal to 0.873 and its index 
ranking is very close to the first index. It shows the importance of the sustainable criteria. The second index that 
ranks near the first index is the "cost of ownership of equipment," which has a value equal to 0.865 RII. 
 Ownership costs are the expenses will be covered by the contractors for the provision of equipment. These 
costs consist mainly of fixed capital, interest, insurance, taxes, fees and other expenses. Ranking the result of 
analysis, it appeared that among the 25 criteria, 7 socio-economic criteria, 12 and 6 standard environmental 
engineering criteria were rated by respondents as indicators of priority "high". The relative index (RII) on 
Medium included socio-economic criteria with RII equal to 0.844, engineering standards with the RII 0,842 and 
environmental standards with the RII0.818 respectively. 
 Apart from the “very important", criteria, the remaining 13 criteria were divided into "high- average" scale 
group. The group consists of 7 socio-economic and 4environmental criteria.On average, the group of "high-
average" had the 0.775 RII for socio-economic criteria, 0.777 engineering standards and 0.783 environmental 
criteria. 
 Important criteria for this category are:SE8: comfort workforce, SE9: the relationship with the dealer / 
manufacturer, Eng13: Governor of machinery / equipment, Eng14: a variety of equipment, Eng15: control and 
information systems, Eng16: Structure and suspension system, Eng17: structural system, Eng18: compliance 
with site conditions and road equipment, Eng19: System power sequence, En7: legal compliance environment, 
En8: Vibration Control, En9: The use of renewable energy, En10: the use of biodegradable lubricants and 
hydraulic oils. These criteria have identified ranking the sustainable indicators to choose the equipment in the 
workshop.Based on the above analysis, it was confirmed that all of the sustainable criteria have the importance 
of "high" or "very high" ratings. 
 
Factor Analysis: 
 Factor analysis is an analytical technique used by researchers to create structure and internal correlation 
among the decisive factors [15]. The rankings are different techniques of analysis and help researchers to find 
the variance between groups of variables. 
 Percent of the total variance of each variable is calculated as shown by the number of factors to determine 

the total data set [16]. This analysis can also be used to help form a matrix and a pattern of the large number of 

variables that represent the relationships of variables together [6]. Factor Analysis of Variables before use needs 

the credit requirements. 

 Factor analysis of the socio-economic criteria is shown in Table 5. Kaiser-Meyer- Okin scale (KMO) was 

0.891 for the group of data and Bartlett (p = 0.000) was significant. Since KMO was greater than 0.5, it is useful 

to analyze sample data. Two factors are derived from socio-economic variables and 63% of the variance is 

calculated for sub-factors of the life cycle cost (LCC) and variance of 12% for sub-factors of social benefit (SB). 

Extracted sub-factors are satisfactory compatible since they were greater than 0.5. In the second degree, the 
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specific value for each factor is greater than 1.0. LCC included two economic factors. If the SB is composed of 

7 items which are focused on the human and social aspects of the sustainability considerations in the acquisition 

of mechanized equipment. 
 

Table 3: Criteria for the selection of construction equipment. 
Selecting sustainable criteria RII Ranking Total score Level of importance 

Social-economic  

SE1 0.865 2 3 H 

SE2 0.858 3 4 H 

SE3 0.873 1 2 H 

SE4 0.848 4 7 H 

SE5 0.829 5 12 H 

SE6 0.819 6 14 H 

SE7 0.817 7 15 H 

SE8 0.785 8 23 H-M 

SE9 0.765 9 27 H-M 

engineering  

Eng1 0.875 2 3 H 

Eng2 0.865 3 4 H 

Eng3 0.860 1 2 H 

Eng4 0.848 4 7 H 

Eng5 0.846 5 12 H 

Eng6 0.843 6 14 H 

Eng7 0.841 7 15 H 

Eng8 0.841 8 23 H 

Eng9 0.836 9 27 H 

Eng10 0.819 10 15 H 

Eng11 0.817 11 17 H 

Eng12 0.804 12 19 H 

Eng13 0.797 13 21 H-M 

Eng14 0.790 14 23 H-M 

Eng15 0.785 15 25 H-M 

Eng16 0.775 16 26 H-M 

Eng17 0.770 17 27 H-M 

Eng18 0.765 18 28 H-M 

Eng19 0.760 19 28 H-M 

environmental  

En1 0.860 1 11 H 

En2 0.826 2 13 H 

En3 0.817 3 15 H 

En4 0.817 3 15 H 

En5 0.814 4 16 H 

En6 0.802 5 18 H 

En7 0.795 6 20 H-M 

En8 0.787 7 22 H-M 

En9 0.778 8 24 H-M 

En10 0.775 9 25 H-M 

 

 Table 4 shows a matrix pattern, and the correlation between the extracted factors. This correlation is usually 

presented as a link to the variable. 

 Table 5 shows the results of sub-factors of engineering standards. Here, the time scale for the KMO 

sampling adequacy (0.908) and Barlt test (p = 0.000) were significant. Three factors of performance, comfort 

and performance capabilities of the system are known Form the matrix model. The overall results show that the 

extracted parameters are compatible. 

 
Table 4: Important socio-economic Criteria factors and sub-factors. 

criteria The cost of life cycle Social advantage 

Cost of Ownership 

Cost of operations 
Easily workforce 

Training for workers 

Health workforce 
Access to skilled labor 

Contact the seller / supplier 

Safety Features 

0.903 

0.863 
 

 

 
 

 

 

0.872 

0.858 
0.852 

0.847 

0.796 
0.723 

0.715 

 

Eigenvalues 

Percent of the variance 

Cumulative percentage 

5.667 

63.078 

63.078 

1.140 

12.67 

75.784 
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 The results of the environmental group factor analysis are shown in Table 6. In this group, the KMO 

measure of sampling and test sets 0.905 Bartle (p = 0.000) were significantly professionalism. Therefore it can 

be concluded that the extracted factors of good environmental and downloads is the upper range (mostly 

because they are the greater than 0.7). It has been observed that only one factor is derived from this class. As a 

result, the desired pattern in the operating environment is not acceptable. 
 

Table 5: Standard Operating sub-factors engineering and its importance. 

Engineering criteria performance ability Performance coefficient 

EfficiencyEquipment 

AbilityEquipment 

Efficiencyequipment 
The reliability ofthe equipment 

Life CycleEquipment 

Energy 
AgeEquipment 

StructuralSystems 

Run 
Controlandinformationsystem 

Standardizationcar 

Easy maintenance 
Jobsand needs 

Accesstospare parts 

Compliancewiththe conditions ofthe site 
The versatility of theequipment 

Haulroad conditions 

0.785 

0.778 

0.775 
0.756 

0.731 

0.591 
0.529 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

0.899 

0.769 
0.757 

0.629 

 
 

 

 
 

 

 

 

 
 

 

 
 

 

 
 

 

0.754 
0.740 

0.653 

0.645 
0.630 

0.616 

Eigenvalues 
Percent ofthe variance 

Cumulative percentage 

11.972 
63.013 

63.013 

1.494 
7.862 

70.875 

1.036 
5.453 

76.328 

 
Table 6: Operating and environmental criteria and its sub-factors. 

criteria Environmental factor effect coefficient 

Oil and oil spill control 

The use of biodegradable lubricants and hydraulic oil 

Black smoke emissions 
Consumption of fossil fuels 

Sustainable energy use 

Greenhouse gas emissions 
Energy Saving 

Soundproofed 

Vibration Control 
Environmental legal compliance 

0.908 

0.906 

0.894 
0.869 

0.856 

0.852 
0.842 

0.840 

0.838 
0.830 

Eigenvalues 

Cumulative percentage 

0.898 

74.884 

 

Significant levels of factor analysis principles: 

 Cost of the life cycle of the equipment projects selection methods of equipment largely dependent on the 

contractor's financial decisions. Typically, many large contractors compared with smaller production companies 

that cannot afford each piece of equipment property, tend more to buy their equipment. Assessment of life cycle 

costs (LCC) costs included elements that are important to calculate the cost of construction equipment. During 

the implementation phase, the value of construction equipment and machinery is almost 30% of the company's 

assets [25]. 

 This is a substantial investment that the wrong choice can lead to increased costs and energy consumption. 

Hence, the life cycle cost analysis is the main concern of the contractors.  LCC included operating cost of 

ownership and cost-Executive. Ownership costs are the costs that incur the equipment owned by the Contractor 

which may include the cost of the initial investment; 

 Depreciation, interest, insurance, taxes and fees included warehouse. On the other hand, administrative 

costs, costs of fuel, cost of service and repair; Cost of consumables and specific items to be included with the 

cost of the performer. The concept of sustainability in the construction industry rules agrees to provide solutions 

to organizations with an emphasis on environmental and financial gain optimization. However, this may be 

achieved only with respect to the initial capital cost by analyzing the LCC, making the situation much better for 

an assessment of the options available and stable option for construction projects.  

 

Efficiency:  

Efficiency measurement indicators are used to monitor and improve the use of equipment. 

 Consistent efficiency is measured by equipment fleet commensurate with economic factors and the higher 

administrative efficiency, more profitable it would be. In terms of sustainability, the base efficiency of robust 

and provides the basis for evaluation. 
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Many important factors are optimal in deciding the performance of construction equipment. 

The seven factors, including the following: 

 equipment efficiency 

 Capacity 

 Productivity 

 Reliability 

 Executive Life of the  Equipment 

 Age of the Equipment 

 

System Ability: 

 Variable of “system ability" is considered as the backbone of equipment. It is also an important factor to 

measure the efficiency, performance and functionality of conventional earthmoving equipment [23]. This factor 

is made of sub factors like structure, systems, transmissions, System implementation, control and information 

systems and standardization of machine. Given these factors and making decisions based on their choice of 

equipment lead to positive outcomes such as lower costs, easy repair and maintenance, high operational 

efficiency and significant gains [24]. 

 

Easy implementation: 

 The fourth factor is related to the "easy implementation". Six cases like easy maintenance, administrative 

equipment, availability of spare parts, compliance with the terms of the location, versatility of the equipment 

and optimal road conditions. All of these are vital for decision making. 

 

Environmental Aspects: 

 The fifth factor of the environmental health is associated with the use of construction equipment. 

Equipment required for construction projects have a significant impact on the environment. All non-road 

construction equipment, machinery and vehicles with diesel engines have a great impact on the environment so 

that emissions from the equipment are considered as one of the most effective sources of air pollution [10]. 

 So, the sustainability equipment is chosen for development projects to have compliance with environmental 

regulations and have minimal power consumption [13].The impact of environmental factors such as oil and oil 

leak control, the use of biodegradable lubricants and hydraulic oil, the amount of particulate material, the use of 

fossil fuels, use of sustainable fuels, greenhouse gases, energy saving, noise control and legal compliance with 

environmental systems. Deciding on sustainability, it is essential to complete the environmental objectives and 

principles. 

 

Social advantages: 

 The sixth factor of "social advantage" includes seven straight workforce, workforce skills, educational 

needs, health, labor, and local availability of skilled labor, relationships with suppliers and the safety features. 

Availability of skilled labor and employment are positive approaches to the creation of the labor market and 

have a great impact on reducing unemployment in a developing country. 

 Previous studies have also shown that construction equipment, plant and machinery are important factors in 

causing accidents and injuries [11].Use of appropriate, safe and stableequipment and mechanization has a direct 

impact on workers' health because most of the time health and safety considerations for the workforce have the 

lowest priority in the implementation of development activities [14]. 

 

Conclusion: 

 After an overview of studies in the field of sustainable equipment, the most important factors are discussed 

in choosing the right equipment projects. According to the findings of a qualitative and quantitative study 

selection criteria for sustainable construction 

 The main stage is the beginning of a development project.As it was observed, the proposed stability criteria 

for different results have been the conventional ways of the past and emphasized the cost, time and quality. 

However, given the high and low energy consumption and the global shift towards sustainability, it is necessary 

to let the principles of sustainability in every aspect of the construction process. 

 Proposed measures were provided to help engineers and construction contractors in selection and 

implementation of sustainability principles in the construction equipment. In total, six factors were extracted by 

factor analysis. The main factors include the life cycle of equipment, performance, power consumption, easy 

operation, environmental impact and social benefits. Factors and related issues form the basis for the selection 

process. The statistical analysis showed that all of the criteria were rated for the category of "high" or "above-

average". Among them, six criteria included the efficiency of equipment, safety features, cost of ownership, and 

administrative costs and energy efficiency equipment. 
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