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To ensure our sustainable future, the whole lifecycle of our current and newly built afr@structure must satisfy
sustainable standard, focusing Sustainable Development Goals (SDG) 13. It should meet fupctional requirements
of reducing negative impacts to the environment while at the same time support_economic growth and societal
development. Due to its vast network, local roads may contribute to sustainablediving,assuming that it is designed,
constructed, operated, and maintained in such a way that satisfy sustainable standard. Despite the fact that
sustainable road rating systems have been developed in many countries, therelis né’agreement on the components
for defining and measuring local road sustainability, especially in developing countrigs. In facilitating the development
of the future local road sustainability index, this paper attempts to identify the comp@mnents by finding insights and
agreement from experts. In this case Delphi technique was employedidSeventeen components were specified
consists of eleven environmental components, three economic components, and,two social components. This means
that the achievement of local roads sustainability integrates the thrge aspects; environmental stewardship, economic
growth, and social development.
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1 INTRODUCTION

Sustainability has three main pillars namely people,gplanet, profit [1,2,3,4]. It reflects three dimensions: social,
environmental, and economy. Sustainability can beeen as intersections of those three dimensions. Those three
pillars, however, are quite abstract and open to intefpretations. In order to measure road sustainability, attempts have
been carried out to identify the specific components‘@fthose thfee pillars, also known as theme or category [4,5,3,4].
Further, an issue arises for measuring local road sustaifiability, what is and how to identify the specific and relevant
components in measuring local road sustainahbility.

To ensure our sustainable future, we must design, construct, and operate sustainable infrastructure. Hence road
networks must satisfy sustainable critefiamlizorder te, assess its sustainability, many countries publish road rating
system, in which road network must meetia,certain threshold. However, there is no agreement on the indicators for
assessing road sustainability within those systems.

To meet sustainability criteria baseghon highways sustainability rating system, therefore roadway must be designed,
constructed, operated and maintainediim,compliance with sustainable principles and best practices [6]. Sustainability
best practices need to be implementedyfor the hold roadway life cycle; design, construction, operation and
maintenance, to end of life. Nonetheless, local road authority encounter difficulties in implementing the required
criteria by the rating system due to the lack of guidelines for sustainability practices. This implies there is a need to
develop sustainability critefig,in the gating system to ensure the best practices and actions become clearer and
applicable for local road authoritindine with the project life cycle, to address the challenges of efficient use of natural
resources and greerhouse gas emissions to achieve SDG 13 [7] .

Agreement on the definitien and operationalization of urban environmental sustainability can be achieved using the
Delphi which isgagstructured, data collection method normally used to facilitate a group of experts to reach an
agreement on ayparticular topic [8]. This method has been frequently used to develop definitions and
operationalization of'different concepts [9,10].

This papergdiscusses the sustainability components by defining the proper concepts and selecting appropriate
indicatars by means of Delphi method. In our on-going research these concept and indicators will be adopted for
develgping localfoad sustainability index.

2 MATERIAIAND METHOD

Various efforts have been made to define road sustainability components, however the current components are being
used without agreement on which components are most relevant for defining and measuring the sustainability of
local roads. This research is very important because conducted to identify the most relevant components to measure
local road sustainability using the Delphi method.

The process invites a group of experts whom deal with local road design, construction, and maintenance, to provide
their point of view of local road sustainability. Its findings are expected to serve as a platform for the development of
local road sustainability rating system.
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2.1 The Delphi Method

Delphi method is a systematic and interactive technique which involves the collection of knowledge from a panel of
experts through a series of questionnaires interspersed with controlled feedback [11][12]. It was developed by Dalkey
and Helmer in the 1950s. It consists of at least two rounds of data collection. The cycle of data collectiogand feedback
will be terminated when a certain level of agreement has been reached or expert opinion has heen established
[13,11].

2.2 Expert Respondent

Stakeholder analysis is a technique normally used to identify and select experts. These experts must have influence
and interest (importance) as well as the capacity and competence to be selected @s respendents [14]. The
requirements to be fulfilled by the respondents in the Delphi technique include (1) having theknowledge and
experience on pavement and local road management, (2) being willing to participate by providing @pinions or input,
(3) having sufficient time to participate, and (4) having effective communication skills [15].

The stakeholder analysis begins by identifying key stakeholders from various igstitutions or individuals who may
influence or be affected by the local road management system. This cam be accomplished by compiling a
straightforward list and addressing questions such as: Who are the potential béneficiaries ofthis initiative? Who might
experience negative impacts from this initiative? What are the interrelations among these stakeholders? The second
step involves assessing the stakeholders' interests and the potential impacts of th@se interests. This is done by
answering questions such as: What are the stakeholders' expectationsjeoncerning the local road project? What
benefits or advantages could the stakeholders obtain? The third step involvesyevaluating the influence and interests
of each stakeholder group. This assessment considers their authasity and positign (political, social, and economic),
institutional or organizational level, control over strategic reSources, informal influence, including personal
relationships, power dynamics with other stakeholders, and sighificap€e in the success of the local road project. At
this stage, two key aspects emerge: stakeholders with high influen€e and stakeholders with high importance. The
final step is developing a stakeholder analysis framework using anjimportance-Influence Matrix to identify expert
respondents. Stakeholders with both high influence and high importance are designated as expert respondents.

The output of the analysis is two groups of expert respendents namely the government and the community groups.
The government group consists of local road managers as well as experts from Indonesian research and
development centers for roads and bridges. While ghe cogimunity group consist of lecturers and researchers. A total
of 132 expert respondents fulfilled this requirementiand'they all participated in the first round and the round of the
Delphi study.

2.3 Questionnaire Development

The questionnaire for the first round of the Delphi study was developed based on several existing highways
sustainability rating systems. The components©and the corresponding components of these four highways
sustainability rating systems were identifieddand put together in one list. Summary of four highways sustainability
rating systems appears in Table 1,

Table 1. Summary of four highways sustainability rating systems

System Brief

GreenLITES [16] Incorporating sustainable choices for evaluating projects

Sustainability best choices should be satisfied and voluntary best practices

Greenroads [17] to enhance sustainability

Consists on sustainability best choices to measure the sustainability of

IN-VEST [18] highways construction

Consist of the rating system and the guide to evaluate the sustainability of

I-LAST [19] highways projects

The appropriatehscomponents of these road rating systems were integrated in the questionnaire that involves the
construction impleémentation, pavement design, and maintenance phase. There are 10 sustainability components in
the construction’implementation phase, 14 sustainability components in the pavement design phase, and 4
sustainabilitygedmponents in the maintenance phase. List of sustainability components appears in Table 2. The
questionnaire was pre-tested for validity and reliability using a cognitive interview approach and three expert
respondents from each group [20].

Using a 5-point scale ranging from 'strongly disagree' to ‘strongly agree,' experts were asked to express their
agreement or disagreement with two statements about their work concerning road sustainability. The experts were
then shown the 28 components in random order. They were asked, "How relevant are the following elements for
identifying the sustainability of local road networks, based on your expertise?" Experts could rate each indicator on
a 5-point scale, with 1 being "not at all relevant” and 5 being "completely relevant”.
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Subsequently, experts were asked to explain why they evaluated them as relevant for up to two components (they
had rated with at least a 4). Additionally, experts were invited to suggest up to two relevant components they missed
on the list of 28 components. The questionnaire was concluded with several background questions to verify whether
experts were assigned to the correct institution type.

A gquestionnaire, similar to the previous one, was established for the second Delphi round. Then, expérts were asked
to assess the relevance of the 28 components for identifying local road sustainability. Each element'was, followed by
a brief overview of the first round’s finding. This summary included a table with summary statistics shewing the
component’s median assessment, interquartile range, and the percentage of evaluations equal to or greaterthan 4.
The summary also discussed in brief why experts assessed the components as relevant. Next, experts were asked
to evaluate the significance of additional elements, which were added based on experts’ ideas’in the first round.

Table 2. Summary of sustainability components from four highways sustainabilityk&ting systems

Phase Components J ID
Design Life cycle cost analysis D1
Road safety planning D2
Long-life pavement design D3
Porous pavement design D4
Warm asphalt mix planning D5
Cold asphalt mix planning D6
Quiet Pavement Planning D7
Road Alignment Design D8
Replace the median hardened D9
Environmental management system D10
Reduction hardened shouldér D11
Replace the median har@dened D12
Water-permeable pavemehnt D13
Reuse and recycle materials D14
Construction Implementing a quality management system C1
Conducting envirenmentahtraining c2
Reducing the useyof fossil fuels C3
Reducing emissions‘ef construction equipment C4
Reducing‘e€mission on site C5
Using recycled‘materials C6
Using materials near the project site Cc7
Waste mahragement C8
Maintaifiing drainage channels C9
Constructing retaining wall to prevent soil sliding C10
Maintenance Pavement management system M1
Road infrastructure maintenance M2
Control work zone traffic M3
Road preservation M4

The number of Delphi rounds is determined by the stability of the expert's answer and the difference in the correlation
coefficient between the two Delphi rounds [21][22]. The Wilcoxon signed-ranks test tested the stability of the expert
answers. Ifithe stability of the expert's answer has been met, then no further Delphi round is needed.

2.4  Analytical Procedure

The Mann-Whitney test was employed to examine the significant differences between opinions of group of experts.
The output will determine how strong the agreement be-tween those two experts’ group. Moreover, the Wilcoxon
signed-ranks test inspect the stability of the answer between two consecutive Delphi rounds. It was carried out by
measuring difference value in the coefficient of variation (CV) between the 2 Delphi rounds. The significant level (p)
in the Wilcoxon signed-ranks test that is greater than 0.05 (p>0.05) and the difference in CV values between the 2
Delphi rounds that is less than 0.2 or 20% (ACV<0.2) indicates the achievement of stability and no further Delphi
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cycle are required. The measurement of the expert agreement was determined in this study by meeting the three
combinations of values stated as follows: (1) interquartile range (IQR) < 1 [12] [15] [23] [24]; (2) the percentage of
agree and strongly agree answers = 75% [21]; (3) standard deviation (SD) < 1 [15]. Formula IQR, SD, and CV are
presented in the following equation 1, 2 and 3.

IQR = Q3 — Q1
sp = |EmGiD? @)
N-1
N (ri-%)?
CcV = =T

value between
ze of the data, xi

where IQR = interquartile range, Q3 = the value between the median and the largest dat
the median and the smallest data,_SD = standard deviation, CV = coefficient of variation, N=
= each value from the data, and x = mean.

3 RESULTS

Statistical analysis was conducted for each component including mean, m , inter-quartile range (IQR),
percentage of agree and strongly agree (% of answers 4-5), standard deviation (SD)ycoefficient of variation (CV),
significant level (p) Mann-Whitney test, and significant level (p) Wilcox igned-rank test in the first and second
rounds of the Delphi method.

3.1 Thefist Delphi round

In the first round of Delphi, there was no significant differen
respondents (lecturers or researchers). This is evidenced by t sults of the Mann-Whitney Test presented in
Tables 3 and 4, where asymptotic significance p = 0.000, and Z = . Because the p value of 0.000 is less than
0.05 and because the statistical value of Z is -0.315 smaller than Z table 1.96 (two-way test with a= 5%), there is no
significant difference in answers between government@&and community groups.

swers between government and community

Table 3. Man-Whitney-raiks test result (Delphi I)

Expert ean rank Sum of ranks
Agree Government 84.12 5552.0

Community 48.88 3226.0

Sum

Table 4. Test Resu tatistics on the Mann Whitney Test (Delphi I)

Agree
Mann-Whitney U 1015.000
Wilcoxon W 3226.000
z -0.315
Asymptotic Significance (2-tailed) 0.000

3.2 The second hi round

In the second round o
community res
presented in Tabl
is less than 0.05 and
there is i

hi, there was also no significant difference in answers between government and
rers or researchers). This was evidenced by the results of the Mann-Whitney Test
and 6, where asymptotic significance p = 0.000, and Z = -0.394. Because the p value of 0.000
use the statistical value of Z is -0.394 smaller than Z table 1.96 (two-way test with a=5%),
ificant difference in answers between government and community groups.

Table 5. Man-Whitney-ranks test result (Delphi I1)

Expert N Mean rank Sum of ranks
Agree Government 66 84.38 5569.0

Community 66 48.62 3209.0

Sum 132
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Table 6. Test Results Statistics on the Mann Whitney Test (Delphi I1)

Agree
Mann-Whitney U 998.000
Wilcoxon W 3209.000
z -0.394
Asymptotic Significance (2-tailed) 0.000

Table 7. Test Statistics results on the Wilcoxon test

Delphi2 — Delphil
z -0.161
Asymptotic Significance (2-tailed) 0.872

3.3 Experts’ answer stability

The Wilcoxon test p-value of 0.872 > 0.05 was obtained and this means there
the first and second rounds. Moreover, the statistical analysis showed that the di ce in CV values between the
rounds was in the range of 0.00-0.02 which is smaller than 0.2 or 20% and this also means there was stability [12].
These two analyses showed that the answers provided by the respondent e stable, therefore, there was no need
for further Delphi rounds. The results of the Wilcoxon signed-ranks test are nted in Table 7, and the results of
the coefficient of variance (CV) are presented in Table 8.

difference in the response from

Table 8. Difference value in the Coefficient of Vari ) between the two Delphi round

Components ID -Delphi | CV-Delphi 2 ACV
Life cycle cost analysis (D1) 0.21 0.01
Road safety planning (D2) 0.22 0.21 0.01
Long-life pavement design (D3) 0.09 0.11 0.01
Porous pavement design (D4) 0.31 0.31 0.00
Warm asphalt mix planning (D5) 0.21 0.23 0.02
Cold asphalt mix planning (D6) 0.24 0.26 0.02
Quiet Pavement Planning (D7) 0.25 0.24 0.01
Road Alignment Design (D8) 0.17 0.19 0.02
Replace the median hardened (D9) 0.23 0.23 0.00
Environmental management sys D10) 0.39 0.38 0.01
Reduction hardened shoulder (D11) 0.27 0.29 0.02
Replace the median hardened (D12) 0.22 0.21 0.01
Water-permeable pave t (D13) 0.16 0.18 0.02
Reuse and recycle material 0.15 0.16 0.01
Implementing a quality management system (C1) 0.14 0.15 0.01
Conducting envi training (C2) 0.16 0.16 0.00
0.22 0.21 0.01

0.21 0.21 0.00

0.23 0.22 0.01

0.22 0.24 0.02

0.26 0.27 0.01

anagement (C8) 0.24 0.24 0.00
Maintaining drainage channels (C9) 0.19 0.18 0.01
Constructing retaining wall to prevent soil sliding (10) 0.17 0.18 0.01
Pavement management system (M1) 0.13 0.13 0.00
Road infrastructure maintenance (M2) 0.10 0.11 0.01
Control work zone traffic (M3) 0.16 0.16 0.00
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Components ID CV-Delphi | CV-Delphi 2 ACV
Road preservation (M4) 0.21 0.21 0.00

4 DISCUSSION

Table 9 shows the value of interquartile range (IQR), the percentage of ‘agree’ and ‘strongly agree’ (%agree), and
standard deviation (SD) of each component.

There are seventeen sustainability components that meet these 3 combinations. They include (1) life cycCle cost
analysis, (2) road safety planning, (3) long life pavement design, (4) environmental management system, (5) water-
permeable pavement, (6) reuse and recycle material, (7) implementing a quality managemient system, (8) conducting
environmental training, (9) reducing the use of fossil fuels, (10) Reducing emissions of c@nstrdctionjequipment, (11)
using recycled materials, (12) using materials near the project site, (13) maintaining drainage channels, (14)
constructing retaining wall to prevent soil sliding, (15) pavement management system, (16)¥road infrastructure
maintenance, and (17) road preservation.

Experts provide various explanations for why they chose the most relevant gdmponent. They emphasize that life
cycle cost analysis is a relevant sustainability component for local roads. Thisycomponent should be applied for a
component for sustainability at the design phase of local road pavement. It invelves the formulation of project
objectives, planning recommendations, standards used, construction methods, maintépance (reconstruction), terms
of reference to handle environmental impacts, estimated construction andimaintenance costs, and economic-social-
environmental benefits. An example of a project life cycle cost analysis is represented by a road project feasibility
study or a project economic study.

With regard to the relevance of components, the experts were agreed that road safety planning, long-life pavement
design, environmental management system, water-permeablef{pavement, and use and recycle material, should be
applied for indicators for sustainability at the design phase of loealroad. Road safety is a paramount indicator. It
should be design properly for road geometry and facilities (road signspand marks). It guaranties the safety of traffic
during construction and operation. An example of road safety planning includes designing traffic management during
construction by redirecting traffic flow with the installatian of traffic signs, constructing noise barriers, or planting trees
to reduce road noise while considering conditions dufing rgad operation.

Long life design approach ensure that the local r@ad network will have prolonged service life. Therefore, minimize
road maintenance activities that leads to reducing greenhousegas emissions and road pavement maintenance costs.
The pavement service life design is intended to guarantee durability. For example, the design of flexible pavement
specifies a service life of 40 years for the base layer and 20 years for the surface layer, whereas the design of
concrete pavement has a service life of 40 yeas. The environmental management system is required that road
contractors have an environmental management.system certificate in order to ensure they understand the processes
involved in managing the environmentalpaspect during the construction. For example, a contractor has an
environmental management system certificateésuch as SNI 19-14001-2005 or ISO 14001:2004

Water permeable pavement is relévant for environmental and pavement structure. Pervious pavement allows storm
water to permeate to the subgrade, therefore reducing water inundation on top of the pavement and minimizing
disturbance to the pavement structure while saving rainwater in the ground. For instance, porous pavement allows
surface water to seep through and drain, and it is designed with an outlet system to manage excess water when
capacity is surpassed. Expert stressed that reuse and recycle material is relevant for environmental. These materials
are relatively inexpensive tejreduce efivironmental impacts compared to the use of new materials, fossil fuels when
transporting new materials, andeducing the volume of discarded materials. For example, demolition materials can
be utilized as recycled materials i a road project, either through on-site mixing or processing at a material plant.
Reclaimed asphalt frompACWC pavement may serve as a primary alternative, with a minimum of 10% of the total
asphalt binder required,

Expert emphasized, that implementing a quality management system should be applied for an indicator for
sustainability at the“genstruction phase of local road pavement. This means roads need to be constructed in
compliance_with quality“standards related to human resources, materials, and equipment, thereby, indicating the
significant impertance of a quality management system as a sustainability criterion in local road construction. For
example, a consttuction contractor holds a quality management system certification, ensuring that both construction
execution and final products adhere to quality standards throughout the bidding process.

Experts*watea0reed that conducting environmental training as a component to assure the sustainability of local
roads. This is necessary to increase the environmental awareness and insight of the construction personnel and also
to identify the best practical methods to minimize the impact of the road on the environment. The training materials
include the principles of green road development and the policies formulated by the project stakeholders to apply
them in the ongoing road project activities. For instance, there are training sessions for construction workers on
proper disposal of leftover materials before starting work.

Other components for local road sustainability are reducing the use of fossil fuels and the emission of equipment
emission. Using biofuels or biofuel blends for project equipment, machinery, and vehicles can reduce the demand
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for fossil fuels. Reducing the emission of equipment can be conducted by using equipment that meet the emission
standards such as operating vehicles that are less than three years old and using by environmentally friendly fuels.

Experts selected that using materials available near to the project is relevant for environmental, economic and social
aspect. The utilization of this criterion is expected to reduce the use of fossil fuels, thereby reducing the environmental
impact of transporting materials, generating local economies and income equality. For instance, the of aggregate
resources obtained within an 80-kilometer radius of the project site.

The next component agreed by the experts is maintaining drainage channels. This component
implemented at construction stage of local roads. It involves draining water to safeguard the pavement structure, to

prevent environmental disturbances due to eroded soil sedimentation, and to prevent the lo
construction. This component example encompasses the provision of slope drainag

organization of drainage systems utilizing either open or closed channels.

Constructing retaining wall to prevent soil sliding was agreed the experts to be include
sustainability components. The component should be employed in the construction phase of |
to protect the environment by minimizing the exposed land area. For instance, cg
with elevation differences (slopes) and building retaining walls to prevent fill so

Table 9. Interquartile range (IQR), the percentage of ‘agree’ and ‘strongly agre

(SD) on the second Delphi round

&

agree), and standard deviation

ater sources during
traps, and the

of local roads
oad. It is intended
ting retaining walls in regions
ollapsing onto roads.

Components ID R agree SD
Life cycle cost analysis® (D1) 1 84.85" 0.87"
Road safety planning” (D2) 1 84.85" 0.93"
Long-life pavement design” (D3) 1 96.97" 0.53"
Porous pavement design (D4) 2 63.64 1.19
Warm asphalt mix planning (D4) 2 66.67 0.89
Cold asphalt mix planning (D5) 1 54.55 0.95
Quiet Pavement Planning (D6) 2 66.67 0.97
Road Alignment Design (D7) 1 71.82 0.82
Replace the median hardened" (D8) 1 84.85" 0.98"
Environmental management system (D9) 1 57.58 1.30
Reduction hardened shoulder (D10) 2 60.61 1.08
Replace the median hardened (D11) 2 62.64 1.31
Water-permeable pavement’ (D12) 1 75.76" 0.92"
Reuse and recycle materials™ (D 1 84.85" 0.80"
Implementing a quality management s m* (C1) 1 90.91" 0.67"
Conducting environmental training” (C2) 1 87.88" 0.70
Reducing the use of fos els” (C 1 78.79" 0.86"
Reducing emissions of cons equipment” (C4) 1 84.85" 0.90"
Reducing emissio site (C5) 1 74.76 0.91
Using recycle 1 78.79" 0.99"
i 84.85" 1.00°
2 72.73 0.95
iy 93.94 0.83"
i 90.91" 0.77
i 96.97" 0.57
Road infrastructure maintenance” (M2) 1 87.88" 0.71"
Control work zone traffic (M3) 2 69.70 0.84
Road preservation® (M4) 1 78.79" 1.00

*The components that satisfy three combinations measurement

The pavement management system, road infrastructure maintenance, and road preservation were agreed by the
experts to be a component for sustainability at the maintenance stage of local road pavement. The pavement
management system allows stakeholders to maintain and rehabilitate local road under budget constraint. For
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example, utilizing a Pavement Management Program (PMP) to evaluate and monitor the current and past conditions
of pavement helps to make cost-effective decisions regarding maintenance and required rehabilitation. Road
infrastructure maintenance is intended to protect the environment and pavement. Maintaining road infrastructure
includes pothole and crack repairs, debris removal, shoulder trimming, sign and marking installatiop, and routine
monitoring of road conditions. Road preservation is a road work activity which involves maintaining and repairing
roads to ensure they serve traffic optimally and achieve the specified project life. The quality of r@adhmaintenance
work is one indication of success in the strategy of achieving the planned life of road pavement as discussed in the
literature [25]. Road preservation encompasses routine maintenance, preventive maintenance, rehabilitation, and
reconstruction.

It was discovered that eleven out of these components are categorized in the environmental dimensions. These
include conducting environmental training; reducing the use of fossil fuels; reducingfemissionshof construction
equipment; using recycled materials; maintaining drainage channels; constructing retaifling wall to prevent soil
sliding, long life pavement design, road alignment design, environmental management systemjfwater-permeable
pavement; and road infrastructure maintenance.

Four components are economic dimensions and they include life cycle cost analysis, using materials near the project
site, pavement management systems, and road preservation. Meanwhile tw@.compofRentsrare social dimensions.
These indicators are using materials near the project site and road safety planningt

Overall, these seventeen local roads sustainability components involve all the threepillars of sustainability; planet;
people; and profit. These integrated components are in agreement with théfindings of previous studies that the social
and economic dimensions are very important to sustainable development 2}[2][3][4][5][8]. It can be simply stated
that economic and social issues, particularly those related to health, safety, andiequity, have become more relevant
to sustainability. Moreover, the experts emphasized that using thefmaterials near the project site can be classified as
an environmental-economic-social dimension because it covers the thiree dimensions as indicated by the reduction
in the environmental impacts due to transportation of materialstwhich is an environmental dimension, generating
local economies which is an economic dimension, and income equality, which is a social dimension.

5 CONCLUSIONS

This study showed that Delphi method can supportdhe idgntification of several sustainability indicators which were
not obvious to the group of expert respondentsfin the first place. These indicators were observed to include
implementing a quality management system, condugting enyiron-mental training, reducing the use of fossil fuels,
Reducing emissions of construction equipment, using<tecycled materials, using materials near the project site,
maintaining drainage channels, constructing4etaining wallto prevent soil sliding, life cycle cost analysis, road safety
planning, long life pavement design, road alignment design, environmental management system, water-permeable
pavement, pavement management system, roadh infrastructure maintenance, and road preservation. It is
acknowledged that the seventeen local road sustainability indicators reflect the all sustainability pillars.
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