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ABSTRACT

The most widely accepted concept of sustainability as defined during the Bruntland Commission
in 1987 is “meeting the needs of the present generation without compromising the ability of
future generations to meet their own needs”. The goals of providing sustainable features in the
design and construction of transportation corridor in an Urban Environment are to minimise
impacts on the environmental resources, consumption of material resources, energy consumption,
encourage the use of new and innovative approaches, enhance the historic, scenic and aesthetic
context and integrate into the community in a way that helps to preserve and enhance community
life, encourage community involvement in the transportation planning process, encourage
integration of non-motorized means of transportation and finally find a balance between what is
important to the community, to the natural environment and is economically sound. These 3
Parameters i.e. social, economic and environmental are most commonly accepted as three

pillars of sustainability.

In this research, Sustainability indicators of a transportation corridor during construction in an
urban environment have been identified and detailed out. The research has been made on a
Signature Bridge being constructed by DTTDC and Barapulla elevated corridor project
undertaken by PWD. During the research study made at both sites in the midst of the construction
period, it was identified that Sustainability of these transportation corridors during the
construction stage is just not limited to three Pillars, but in actually much beyond that. Every
activity or any Project is to be looked into right perspective to understand its relevance to all those
it matters. Transportation Corridor is a field which, during its operational stage, can affect the life
in every area varying from education sector, all kinds of commercial activities, availing of medical

amenities or say movement of the public at large for any purpose they wish.

It is not only the operation stage, but the construction stage also makes an impact on the
residents living nearby as well as on the commuters passing through the corridor on the
diverted route. Both these members of society are subjected to Air Pollution, Noise Pollution,

water pollution, and increase in travel time besides Health and Safety concerns. Environment faces
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irreversible degradation besides other adverse impacts on the number of directly or indirectly

related issues.

Various Sustainability Indicators during the construction stage as identified for an elevated
transportation corridor and thereafter classified under various categories is covered in this

research.

A comparative study on the above mentioned sites, through construction under identical urban
environment, was carried out to evaluate the sustainability of these sites, using fuzzy logic, so that
the site more sustainable based on identified sustainability indicators is known. Methodology and

result of the study are also discussed in this research.
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CHAPTER 1.
INTRODUCTION

Since 1980s the idea of sustainability has been distinguished as a worldwide need and is most ordinarily
characterized as "Improvement that addresses the issues of the present without trading off the capacity of
future eras to address their own particular issues. This idea has infested whole ranges of engineering,
involving transportation frameworks building.

Despite the fact that there is no standard meaning of the sustainable transportation, sustainability is mostly
defined in terms of transportation system efficiency and its impact on environmental integrity, economic
productivity, and social quality of life (Mihyeon Jeon & Amekudzi 2005). Actually, the three variables

are generally considered in the fundamental measurements of a practical transportation framework.

® Environmental Integrity
* Natural Resources
® Systemn Resilience
Environmental
Sustainability
Economic Socio-cultural
Sustainability Sustainability
® FEconomic Efficiency ® Social Equity
® Fconomic Development ® Safety and Human Health
®* Financial Affordability ® Quality of Life

Figure 1 Essential factors of the transportation system sustainability

This Research task begins with depicting the eminent thinking on what constitutes sustainability of the
transportation framework amid development and how to perform it.. Further the study identifies some of
the key transportation system sustainability issues through construction in the Metro politician cities like
Delhi. In this research, Sustainability indicators of the transportation corridor through development in a
urban domain have been perceived and itemized out. The research has been made on Signature Bridge

being constructed on river Yamuna by DTTDC and Barapulla Elevated Corridor project being
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constructed by the PWD. Amid the research study was made at both the sites in their construction period,
and it was found that Sustainability of these transportation corridors while the development stage is just
not restricted to just three Pillars, but rather in actuality much past that. Finally, the real center of study
lies on showing a correlation between the afore mentioned two construction sites by two government
organizations, that is PWD and DTTDC, under the identical urban environment, by utilizing the Fuzzy
rationale strategy to assess sustainability taking into account the perceived sustainability pointers utilizing
information collected by directing different reviews (survey proforma) from the field specialists and the
general population (occupants/suburbanites). This chapter is to provide the background information about
this research project that incorporates the inspiration for this task and its significance and above all the

problem statement. .In later stage the goals, methodology and scope are characterized.

1.1 MOTIVATION

In New Delhi, the Capital of India there has been a phenomenal growth in vehicular traffic lacking the
proportionate growth of infrastructure. It has brought about a wide range of increment in contamination
levels, traffic congestions, increment in anxiety levels, exponential rise in travelling time etc. Delhi has
the traffic flow system as Ring-Radial pattern which embodies two concentric Roads prominently known
as internal Ring Road and Outer Ring Road.

Delhi has one of the most extensive road networks in India that is 21% of its geographical area is covered
with just roadways. Yet, there is not adequate space for the movement although five flyovers have been
developed toward the end of Asian Games that were facilitated in 1982. Today, the number of flyovers has
increased to 94. Delhi's vehicle stock has augmented 51 times in most recent three decades. Delhi alone
has around 10% of aggregate enlisted vehicles all over India. This number of vehicles is ascending at 10%
consistently. According to a CSE projections, the day trips are to increment from 15 million in 2015 to 25
million in 2020 that is an augmentation of 2 million for each year. To suit the expanding activity and to
decongest existing movement, street spaces have been expanded. Though new streets wind up drawing
more activity, and that is clarified as the phenomenon of “induced traffic”. The studies on traffic reveal
that 50% of the increased roadway capacity is used up by increased traffic in about five years while 80 %
of increased capacity is ultimately consumed by the induced traffic. Truth be told numerous urban areas
in the U.S. furthermore in the West, are making amazing strides of destroying the flyovers and interstates.

This might not be the required strategy in Delhi but very soon the physical limits of adding the
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infrastructure might be saturated. So a more sustainable way out to Delhi’s infrastructure problems need
to be assessed. Expressways have a more noteworthy negative effect on the encompassing environments

and on the general natural quality.

The exact next stride in the transportation framework's advancement needs comprise of practices
that reduce the impacts on the natural environment, maximize the capacity, and benefit the society
and this can be fulfilled just by introducing a game plan of Sustainable transportation

establishment.

In order to accommodate the continually expanding number of vehicles on street, corridor improvement
that incorporates the design, construction, operation and maintenance of a road, should not just pander to
the needs of general society, yet ought to likewise adjust to the needs of environment. Sustainable

principles serve as a tool to accommodate mobility while identifying the challenges of the environment.

Sustainable transportation development standards are lagging considerably behind those of the
architectural community. Although Leadership in Energy and Environmental Design (LEED) green
building certification is an internationally recognized standard for determining the sustainability of
a building’s design, construction, and maintenance, there is no officially accepted method for
evaluating sustainable transportation projects. Indeed, evaluation of transportation projects often
ends with the assessment of construction impacts or the comparison of alternatives through benefit—

cost analysis, limited by the need to determine cost impacts (Oswald & McNeil 2010).

This statement highlights the essential role played by sustainability in fast developing urban environment
that has lots of infrastructure projects in construction. These projects not only cater to the needs of public,
but practices adopted for accomplishing those needs have to be green in nature. Considering the need of
green development, various standards such as LEED, GRIHA etc. have been established for green building
certifications but there is no recognized method for evaluating the sustainable transportation projects. In
this rapidly growing economy and with the world facing severe environmental issues a definite sustainable
transportation evaluation method is much needed in order to meet the required green standards for the

transportation corridor development.

5|Page



1.2 PROBLEM STATEMENT

Nowadays, the worldwide necessity of sustainable development is confirmed and likewise it is
fundamental that every single action that we perform for the improvement of the general public ought to
be sustainable. The sustainability parameters that have been widely accepted are environmental issues,
economics and social factors. Yet these three factors are constrained just to developing countries where
the need for sustainable development has been forecasted. When we see the present development scenario
in Mumbai, New Delhi or any other urban city in India we see that the overall acknowledgement of these
3 parameters can't satisfy the prerequisite in India. It is often observed that development of transportation
corridors in urban ranges like Delhi are executed by the Construction Agencies in an extremely shabby
way. These Agencies are slightest touchy towards the contaminants being released into nature, support of
administrations in the undertaking zone and comforts of the residents as well as the traffic passing through
their project area. Indeed, Even the concerned authorities are not taking the mandatory measures in
implementation of various methods envisaged in the agreement. As a result of indifferent attitude, the

comfort of people moving through the corridors as well as local people is badly affected.

A major part of environmental problems are originated from the internal operating mechanism of cities,
and they have their local impacts, such as congestion, air pollution and noise pollution. Notwithstanding,
numerous impacts likewise exist together that have a transborder nature, for instance waste disposal, waste
water flow, or even a global one, such as contribution of traffic in hot emissions that leads to greenhouse
effect and global warming.

To address such issues it has been chosen to do a study to appreciate the issues apart from the development

activities and the effects of such activities on our surroundings and society.
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1.3 BROAD OBJECTIVES OF RESEARCH

The fact that sustainability is an increasingly important issue in transportation system and service
provision is evident in congested highway systems in urban areas, declining air quality and respiratory
health; and the need for improved and more equitable access to basic social and economic services in
several areas around the world (Mihyeon Jeon & Amekudzi 2005). The criteria for assessing the
Sustainability of transportation base has no-where been characterized and it obliges a lot of research work.
Sustainability indicators should be developed by going to the on-going construction destinations/sites and
by interacting with all the real partners in this field, in addition to the required standards incorporated into
the materials and the technologies to be deployed during the construction of transportation corridor.
Likewise, it is key to build up a dynamic framework which is fit to encourage the future technologies.
Bearing in mind the need of day without bargaining the capacity of the more younger generation to fulfill

their own particular needs, research work has been done with taking after broad objectives.

i.  Identification of different Sustainability Indicators for the transportation framework undertakings
while development in a Metropolitan city such as New Delhi
ii.  To build up a methodology for Sustainability Evaluation
iii.  Application of a model based on fuzzy methodology to assess sustainability of the construction
sites taken under consideration as a case study
iv.  To practically execute suitable Sustainability indicators while development of a transportation

framework.

1.4 OVERVIEW OF APPROACH

This research is based on identifying the sustainability indicators of the transportation corridor through
construction and indicators are then connected to existing fuzzy model to assess and analyze the
sustainability of two construction sites under study. In order to identify sustainability indicators, it was
essential to comprehend essential sustainability concepts, the need of sustainable transportation, and to
determine sustainability frameworks and programs already established. So, the methodology for
evaluating sustainability is based on various sustainability concepts that have been explained in the
literature review. These concepts are then applied to the conventional model for the assessment of

sustainability in Results and Discussion section. The sustainability assessment was done through a
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contextual analysis application to focus its appropriateness and applicability to the corridor projects under
construction.
The various sustainability indicators are recognized and using the following approach sustainability
evaluation of the sites is carried out
» Review data on transportation impacts, sustainability ideas and issues, and sustainable transportation
applications through development..
* Review existing sustainability assessment models and sustainable executing frameworks.
« Identification of different Sustainability Indicators as pertinent to transportation framework extending
through development in a Metropolitan city like Delhi.
i.  Select the sites under same urban environment
ii.  Visit the sites and snap photos of different recognizable sustainability issues
iii.  Study all the photos and distinguish the issues which will serve as indicators
iv.  Identify the pointers by perception and additionally by expert comments
v.  Categorize sustainable indicators in different classes, for example, social,economic, environment
and so forth.
vi.  Develop the sustainable indicators
vii.  Develop a proforma with the sustainability indicators and comparing segments for quantitative
and subjective rating.

viii.  Get expert and public appraisals through proforma

» Define an approach for the assessment of sustainability and apply it to the current model
i.  Define an approach and focus on the traditional model for sustainability assessment.

ii.  Understanding the Fuzzy logic and Fuzzy set theories and their application

iii.  Develop indicator scale to transform indicators into weightage

iv.  Assign the membership functions to qualitative ratings using fuzzy logic

v. Using MATLAB, develop a triangular fuzzy of qualitative ratings

vi.  Assign Weightage to the indicators by outfitting information through proforma from specialists
vii.  Rate the identified sustainability indicators of alternatives (PWD and DTTDC) by furnishing data

through surveys from workers/inhabitants on the locales and neighborhoods
« Assess the sustainability of the sites taking into account above distinguished sustainability indicators

utilizing Fuzzy triangular model.
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1.5 SCOPE OF WORK

With the ever expanding demand for infrastructure development of society, it is a history when
development in the urban environment was taken up without due thought of its adverse effect on society.
These days, the overall need of sustainable advancement is affirmed and as needs be, it is key that every
single action that we perform for the improvement of the general public ought to be sustainable. The
sustainability indicators that have been generally acknowledged are natural issues, financial aspects and
social variables. Be that as it may, these three components are constrained just to developing nations where
the requirement for reasonable improvement has been forecasted. When we see the present advancement
situation in Mumbai, New Delhi or whatever other urban city in India, we see that the overall
acknowledgement of these 3 parameters can't satisfy the necessity in India. So, three extra parameters and
their sub classification have been demarcated to ensure sustainable development. It has been already stated
in the problem statement that the provisions for comfort of residents, traffic, users as well as environment
protection are quoted in the agreement but they are not practically implemented in true spirit Henceforth
administration should be guaranteed for sustainability.

It is observed that Delhi is a quickly developing metropolitan with Hi-tech undertakings and utilization of
advancements that have been as of now tried in developed nations. Still big gap is observed while ideal
implementation of these technologies and practical implementation under the circumstances dominated in
an urban environment. There is a need of a strong technical base while making a final decision on the
technical issues. Accordingly, a 5" parameter titled as “Technical Issues” has been fused for sustainable
transportation through development as a critical parameter. Besides, it was watched that through
development when the site was at that point engrossed, there was an unapproved auto stopping which
further adds to the current traffic congestion. Lots of honking, movement of vehicles in a erratic manner
takes place and no traffic policemen were available to deal with the situation. Accordingly, an additional
parameter, i.e. Governance was fused and its essentialness for economic advancement is considered
genuinely. Additionally, the disturbing and irritated conduct was stated on the corridor at the moments
when drivers are under a time frame to reach their destination at a targeted time. Excessive honking,
movement of vehicles in a haphazard manner takes place, which results in congestion. So tolerance is
needed keeping in mind the end goal to keep up a cool demeanor, subsequently it is fundamental that all
partners like development organizations, proprietors, laborers and inhabitants need to accomplish a feeling
of otherworldly existence to keep up a cool disposition and to lessen mishappenings in such a

circumstance. Likewise, this last extra parameter, i.e. spirituality is also included.
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CHAPTER 2.
LITERATURE REVIEW

2.1 SUSTAINABILITY EVALUATION THROUGH MATHEMATICAL
MODELS

(Steg & Gifford 2005) state in their paper that it is generally accepted that sustainable transport strikes

balance in current and future social, economic and environmental qualities. Yet a basic set of sustainable

transport indicators has not been defined. The negative social, economic and environmental externalities

outweigh the economic and social values of transport system. In this paper, the pros and cons and the
externalities of current transport systems are diagnosed, such as waste, health consequences, energy and
land use, traffic noise, traffic safety, accessibility, accident costs, and economic wealth. Sustainability
indicators are defined as the sustainable transport policy goals, whether the transport system moving
towards sustainability is monitored or not. This indicates a need to consider a wider range of sustainability
indicators because amendments in existing transport systems might affect other sectors as well and that
further contribute to unsustainable development. A variety of methods and models have been established
to evaluate social, economic and environmental consequences of the transportation plans. However, only
a few social indicators are taken into account because of the lack of knowledge and lack of valid methods
and techniques for assessing the relevant social impacts. Adequate sustainable transport systems can only
be obtained by the use of a new sustainable transportation model, accompanying analytical framework.
Therefore, this research work has presented a theoretical framework, along with a methodology to better
integrate the requirements of sustainable developments into the models for transport policies and planning,
in a particular travel demand models. With the knowledge and results presented in this research work, it
should become probable to make more efficient and effective use of available and affordable resources
for enhancing the transport system performance.

In the dissertation presented to academic faculty by (Jeon Amekudzi) for the Doctorate degree (Ph.D.
Degree) in the Georgia Institute of Technology, in December 2007, classifications, performance measures,
as well as evaluation methodologies for sustainable transportation system have been reviewed and a
complete framework for incorporating the sustainability considerations for the transportation planning and
decision making was demonstrated. The study begins by characterizing the emergent thinking about what
constitutes transportation sustainability and how it could be measured. Later, the study classifies some of

the key transportation system sustainability issues in various countries depending on the prevailing socio-
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economic conditions. Finally, the study emphases on demonstrating a viable methodology for
incorporating the sustainability considerations into planning process using the data from the metropolitan

Atlanta region.

2.2  SUSTAINABILITY  EVALUATION BY  DEVELOPING
INDICATORS

In a research program recommended for developing sustainable transportation indicators, Todd Litman
(2009), mentioned that the Planning measures rely on indicators (i.e. standardized information suitable for
analysis) for guidance, such as people rely on their senses i.e. sight, hearing and touch. Indicators let us
analyze the trends and model their impacts. The selection of indicators and method of collection and
analysis of data is important. An alternative may seem to be suitable and desirable if it is evaluated by one
set of indicators, but may be found unsustainable if evaluated by others. Indicators are key tools for making
decisions and evaluating progress. Decision-making increasingly include sustainability concepts, for
example consideration of long-term social, economic and environmental impacts. As a matter of fact,
there is increasing demand for suitable planning tools, like sustainable transportation indicators. Such
indicators help to determine that how individual and short-term decisions affect long-term as well as
strategic goals. Such indicators need to be carefully selected to reflect various impacts and perspectives,

while being possible to collect and analyze.

2.3 SUSTAINABILITY EVALUATION THROUGH OTHER
APPROACHES

A number of approaches have been proposed to assess sustainable transport systems. Ensuing the
classification recently proposed, they have been broadly divided in to eight categories (Awasthi A et al.,
2011):

i.  Life-cycle analysis (LCA) pools pollution emissions and the resources used during the entire life
course of a product in order to estimate some criteria. Originally it was developed for industrial
processes, but now LCA has limited application in the context to transport systems as it does not
account for social aspects.

ii.  Cost-Benefit Analysis (CBA) scrutinizes the monetary equivalent of all the negative as well as
positive effects of a project alternative with the aim of curtailing the costs related to that alternative.

Cost effectiveness analysis (CEA) is used when it is impossible to calculate the monetary value of
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the alternatives or when the realization degree of the result to reach is given. The main toil of CBA
or CEA concerns the monetary quantification of external and social costs.

Thorough analysis of project alternatives involves Environmental Impact Assessment (EIA).
Optimization models, applied to the sustainable transport, aim towards finest solutions under the
specified constrictions of social, economic and environmental objectives.

System Dynamics Models are applied the case of complex systems and are found quite useful to
furnish the relationships between the elements of system by examining feedback mechanisms and
time-varying flows.

Assessment indicator models are indicators which ascertain the sustainability of a particular
practice or a project. Tao and Hung identified three types of such models ie: composite index
models, multi-level index models and multi-dimension matrix models. Composite index models
create a single index, such as the green gross national product or ecological footprint. Yet,
evaluation is generally so tedious that it requires scrutiny of a series of indicators signifying various
goals organized in the hierarchies (multi-level index models) or are related through the complex
interactions (multi-dimensional matrix models).

The Data Analysis approach uses the statistical techniques such as structural equation modeling
or hypothesis testing or, to evaluate the sustainability.

Multi-Criteria Decision Analysis (MCDA) methods consist of an ample set of methods,
including the renowned Multi-Attribute Utility Function Theory (MAUT), ELECTRE methods
and Analytic Hierarchy Process (AHP). MCDA evaluates the alternatives for each criterion and
collects significant criterion outcomes in the decision table (or decision matrix).Proposed
Alternatives are ranked and the “best” outcome on the criteria set is identified. Since there is
generally no alternative which can optimizes all the criteria at the simultaneously, the methods find
a most probable solution. MCDA methods are the most commonly used approach for sustainability

evaluation in the transport field.

Stuart Samberg et al.,(2011) in their paper mentioned that a key element of sustainability is the

optimization of the system efficiency by the intensification of existing resources and the restriction of the

need of infrastructure expansion. This paper analyses the literature present on the operational and proposed

evaluation strategies for the transportation projects and further proposes a sustainable transportation

evaluation method. This sustainable transportation evaluation method is built on the existing evaluation

systems and tries to address their shortcomings. Application of this sustainable transportation evaluation

method depend on established multi-criterion methodologies that are for qualitative and quantitative
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evaluation of sustainability of transportation projects through the planning, design, and construction

phases.

Riccardo Rossi et al., (2012) in their paper supported the Fuzzy-Based Evaluation Method (F-BEM) and
defined it as a suitable tool for evaluating the sustainability of the transport policies. In this method the
concept of the “three pillars of sustainability” i.e. social, economic and environmental are formulized by
means of a set of indicators as input variables. This method determines an overall fuzzy index for the
sustainability of each and every alternative policy analyzed and provides the information about the

composite dimensions of sustainability i.e. equity, viability and bearableness.

24  SUSTAINABILITY EVALUATION THROUGH MCDM
TECHNIQUES

Moreover, in a paper by Anjali Awasthi et al., (2013), four of the major multi-criteria decision making
(MCDM) techniques i.e. TOPSIS, VIKOR, SAW and GRA have been thoroughly investigated for the
sustainability evaluation of the urban mobility projects under variety of qualitative data and their
application have been demonstrated through a numerical example. Fuzzy sets and the systems theory can
be a very effective tool to deal with prevailing conditions and evaluate sustainability of a given action
plan, as it can formalize the situations characterized by:

e Non-homogeneous quantities or variables;

e Uncertain and vague information on the system (both present and future), in a particular when

verdicts expressed by the experts are included in the evaluation;
e Interrelations among the various dimensions of sustainability, which be likely to induce “overlaps”

(’fuzzy” boundaries).

In this aforementioned paper a Fuzzy-Based Evaluation Method (F-BEM) that formalizes the three-
dimensional concept of the sustainability, is verified on a case study to evaluate its effectiveness as a tool
to deduce the preferences expressed by decision makers, to classify the most vital characteristics of the
alternative transportation policies and further, to support the design of the hypothetical transportation

services ("What to” analysis).
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According to a document titled “Multi-criteria Sustainability Evaluation of Transport Networks for
Selected European Countries”, the transportation has a complex interactions with the society,
environment and as a key economic activity. As the concept of the sustainable development has become
one of the foremost priorities for nations, there has been an increasing interest in the evaluation of the
performance of transport systems in terms of sustainability issues. The key purpose of this study is to
present a decision making framework for assessing the sustainability of transport networks in a multi-
dimensional setting and develop a methodology to identify non-compromising alternatives. They also
propose an elucidation technique to identify required improvisation of various system needs and quantify
them to attain a certain level of sustainability. The proposed methods have been applied to a set of selective

European countries within a case study.

Since the National Environmental Policy Act (NEPA) was signed as a law in 1970, the range of concerns
about the relationship between the transport corridors and their associated effects on the surrounding
environment has expanded. The research document entitled (I-LAST) Illinois Livable and Sustainable
Transportation, Rating System and Guide is a sustainability performance evaluation metric system
developed by the Joint Sustainability Group of the IDOT (lllinois Department of Transportation), the
ACEC-Illinois (American Council of Engineering Companies—Illinois) and the IRTBA (lllinois Road and
Transportation Builders Association). The approach of I-LAST is to incorporate a wider range of issues
into the various development projects such as state highway projects. The purpose of this guide is as given
below:

e Provide a complete list of practices or methods that have the potential to produce sustainable

results in highway projects.
e Establish an efficient and simple method to evaluate transportation projects with respect to

sustainability, livability, and effects on the natural environment.

e Record and identify the use of sustainable practices in the transportation industry.
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CHAPTER 3.
SUSTAINABILITY CONCEPTS

This section characterizes the sustainability and its relationship with transportation frameworks taking
into account the literature survey. The different effects of transportation speculations and the utilization
of indicators to evaluate the sustainability are depicted as underneath..

3.1 DEFINITION OF SUSTAINABILITY

The most frequently utilized meaning of sustainability is derived from the United Nations, Brundtland
Commission in 1987. This commission defines sustainability as **meeting the needs of the present
generation without compromising the ability of future generations to meet their own needs'. The

point of presenting sustainable elements in design and construction of various development tasks is to

e To minimize impacts on environmental assets

e To minimize the utilization of material resources.

e To minimize the energy utilization.

e To safeguard or improve the historic and aesthetic context of the highway project.

e To fuse highway ventures into the community in such a way that it helps to preserve and enhance
the community life.

e To empower the community association in the planning procedure.

e To encourage the incorporation of non-motorized means of transportation into the highway
project.

e To encourage the utilization of creative methodologies in accomplishing these objectives.

e To find a harmony between what is essential
1) for the transportation function of the facility
2) for the community

3) for the natural environment
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3.1.1 TRIPLE BOTTOM LINE

The concept of sustainability is generally viewed from an ecological perspective, which focuses on issues
like pollution and resource depletion (Litman 2008). A more suitable approach is to study sustainability
in the perspective of triple bottom line approach, also known as the three pillar approach, and it requires
an integrated view of social, economic and environmental issues (Belka, 2005). The most effortless
approach to imagine the triple bottom line approach for sustainability is through a Venn-diagram where
every circle denotes the social, financial, and environmental points of view. Following figure represents

the sustainability in the terms of triple bottom line.

ENVIRONMENTAL

A viable natural
environment

Sustainable
natural and
built
environment

Sustainable
economic
development

SOCIAL

Nurturing
Community

ECONOMIC

Equitable social
environment

Sufficient
Economy

Figure 2 Triple Bottom Line Approach (source: CIRIA, 2008)
This multidimensional view demonstrates that sustainability issues are correlated and each of them are
fundamental for achieving sustainability that addresses "planet, people, and prosperity"

In the triple bottom line perspective every last issue is connected with individual criteria that aides in
characterizing the social, financial, and environmental ramifications .For example, the economic issues

identify with exchange, business and work exercises. The social issues identify with human wellbeing,
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community livability and public involvement. The environmental issues allude to emissions, biodiversity

and environmental change.

3.1.2 SUSTAINABILITY ISSUES IN TRANSPORT CORRIDORS UNDER STUDY

As per the triple Bottom line approach, the sustainability contains every one of the 3 components, social,
financial and environmental. At the time of visiting the sites and observing the sustainability issues, it was
deduced that the prevailing situation demands beyond these 3 parameters in order to make up a sustainable
corridor a reality. So 3 more additional parameters were introduced,namely Governance, Technical and
Spirituality in lieu of demands of sustainable transportation corridor in an urban environment. The

recognized issues are recorded as beneath:

i.  Control on Air Pollution
ii.  Control on Existing Drainage system
iili.  Control on Noise pollution during day
iv.  Control on Noise pollution during night
v.  Depletion of Green Belt
vi.  Effective Plantation scheme
vii.  Any other Alternate schemes for make the project more sustainable
viii.  Condition of Health of workers
iX.  Any Welfare activity for family of workers
X.  Sanitation conditions
xi.  Availability of First Aid facilities
xii.  Safety measures adopted at site
xiii.  Increase in stress level of residents/commuters
xiv.  Impact on Health of residents/commuters
Xxv.  Impact on safety of residents/ commuters
xvi.  Preserving the social spaces like cremation ground, Sur Ghat
xvii.  Public attraction with the aesthetics of the Project
xviii.  Utility of the Project to Public
xiX.  Preserving the heritage structures

XX. Increase in Travel time

xxi.  Increase in travel cost
xxii.  Disturbance to the business/Employment of nearby residents
XXIil. Increase in cost of Construction due to lack of funds
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xxiv.  Increase in cost of Construction due to time overrun
xxv.  Display of Project Details
xxvi.  Effective Traffic Diversions
xxvil.  Visibility and sight distance to moving traffic
xxviii.  Lighting of Construction site
xxix.  Barricading the site
xxXx.  Effectiveness of Technology used
xxxi.  Handling of C & D Waste
xxxii.  Quality Assurance on the Project
xxxiii.  Ensuring the mobility of Traffic within the project area
xxxiv.  Maintenance of existing drainage system
XxXxXv.  Maintenance of Barricades
xxxvi.  Maintenance of existing utilities
xxxvii.  Maintenance of existing greenery
xxxviii.  Time over run due to delay in Govt. decisions
xxxix.  Time over run due to mismanagement at site

xIl.  Facilities of Yoga/meditation

xli.  Performance of Rituals at site like Vishvakarma Puja, May Day
xlii.  Celebration during Festivals at site
xliii.  Motivation to workers by reward policy or otherwise

While distinguishing these issues it was observed that it would be unjustifiable to stick to the three
parameters, i.e. Social, Economic and Environmental for the arrangement of parameters. One of the real
setback that was observed was increment in delay in travel time because of the restless conduct of the
voyagers, erratic blending and development of distinctive classifications of vehicles, i.e. Autos, Buses, 3
wheelers, E-Rickshaws, 2 wheelers, Manual Rickshaws and so forth., yet this issue can't be arranged in
any of the previously stated three parameters, i.e., Social, environmental and Economical. Thus the fourth
parameter was presented which secured such issues and is termed as Governance. On identifying with the
officers of Delhi Traffic Police in all the concerned territories, it was found that all such consistency

parameters are specified there in their guideline books however functional execution needs.

Excessive honking, movement of vehicles in an unruly and haphazard manner takes place, which brings
about movement blockages. A lot of tolerance is needed to keep up a cool disposition, and thus it is vital

that all partners, for example, development offices, specialists, proprietors and occupants, and so on need
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to accomplish a feeling of deep sense of being to keep up a cool demeanor and to diminish the setbacks
emerging, for example, street fierceness. May be this component is not as vital as others but rather it can't

be disregarded too. Appropriately, this last parameter, i.e. spirituality is also included.
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Figure 4 Unauthorized parking
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Figure 6 preserving aesthetics of Silver Oaks Park and choosing alignment with least no of trees to be
cut
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3.2 MEASURING SUSTAINABILITY
3.2.1 SUSTAINABILITY INDICATORS

Sustainability Indicators are described as an index or “a means developed to reduce a large volume of
data to its simplest form, while retaining the vital meaning for the questions that are being asked about
the data” (Ott 1978). The indicators provide direction, for measuring sustainability despite of its many
complexities (Bossel, 1999). With respect to sustainability indicators are used to simplify the process of
answering the questions about how to reduce the human impacts and protect the future generations.
Sustainable development indicators are very useful tools that can be used to endorse sustainable
techniques within the policy and public sectors (Mitchell, 1996). In relation to the transportation systems,
sustainable development indicators need to hold two distinct requirements (Bossel, 1999):

1. To provide information that paints a perfect picture of the prevailing or existing state and its viability.

2. To provide sufficient data about the transportation system's influence on the performance of any other
systems that might depend on them. Along with these requirements, “good” indicators isolate the policy

aspects from its outcomes (Litman, 2008).

3.2.2 METHODOLOGY FOR DEVELOPING INDICATORS

Proper determination of successful indicators is a principal key to the accomplishment of a record or a
rating framework. A typical system must be taken after while building up appropriate indicators. Bossel
(1999) built up four key strides for going from an entire framework to individual indicators and later

implementing them into the participating procedures

The four main steps are as follow (Bossel, 1999):

1. Understand, conceptually, the entire system

2. Identify the representative indicators

3. Quantify the basic orienteer satisfaction

4. Conduct a participative process

The first step, understanding the entire framework, is vital to the practicality of the orienteers and the
indicators that will later be produced. The second step, recognizing the representing indicators, further

contains sub-steps. In these sub-steps, representing indicators are chosen from the colossal number of
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potential indicators (Bossel, 1999). The third step requires the prioritization of the indicators keeping in
mind the end goal to change over indicator information into orienteer satisfaction. The final step involves
input through external opinions in order to compensate the decisions made by the person who has
established the indicators. By having proper outer analysts, a wide range of learning, mental models,
experience, and social/ecological concerns can be highlighted (Bossel, 1999).

Mitchell (1996) has developed a practice, specific to the sustainable development, for identifying

appropriate indicators for the entire system. The method is as follows:

Defining the system objectives, stating the purpose of indicators along with their user group

Stating what is known in the terms of sustainable development by specifying the sustainable
development principles and definitions that can be applied.

Defining the issues that are important on a local and global scale.

Comparing indicator properties against the types of users and the objectives of rating system

Evaluating the indicators against desirable characteristics and objectives of rating system.

3.2.3 SUSTAINABLE TRANSPORTATION INDICATORS

Sustainable transportation indicators are the blend of wide variety of aspects of a transportation system
comprising of social, economic and environmental issues of sustainability. Various samples of the
potential indicators of practical transportation have been produced by Litman (2008) and have been
organized based on the social, economic and environmental categories of sustainability. Economic
indicators discuss group's progression toward financial destinations including expanded wage, riches,
profitability, occupation and social welfare (Litman, 2008). Social indicators identify with value, human
wellbeing, social assets, group decency, group attachment, and style (Litman, 2008).Environment
indicators incorporate effects, for example, air, water, commotion contamination, and exhaustion of non-
renewable assets, hydrologic interruptions, warmth island impacts, living space fracture, untamed life
passings, and other area use delayed consequences( (Litman, 2008). These specimen indicators allude to
the whole transportation framework and are merely representative of the types of indicators which can be
used in the transportation system.

24| Page



CHAPTER 4.
FUZZY LOGIC

4.1 OVERVIEW

Fuzzy Logic was started in 1965 by Lotfi A. Zadeh , teacher for software engineering at the University of
California in Berkeley. Essentially, Fuzzy Logic (FL) is a multivalued rationale that permits moderate
qualities to be characterized between routine assessments like true/false, yes/no, high/low, and so forth.
This system can be utilized to handle fragmented information and dubious information in an exceptionally

orderly manner.

Fuzzy logic is referred to as a way of “reasoning with uncertainty.” It gives an all-around characterized
system to manage dubious and not completely characterized information, so one can make exact findings
from uncertain information The fuzzy theory provides a mechanism for representing linguistic constructs
such as “many,” “low,” “medium,” “often,” “few.” Notions like rather tall or quick can be figured
numerically and prepared by PCs, with a specific end goal to apply a more human-like mindset in the
programming of PCs. As a rule, the fuzzy rationale gives a surmising structure that empowers suitable

human thinking capacities.

Fuzzy logic provides an inference morphology which empowers surmised human thinking capacities to
be connected to learning based frameworks. The fuzzy rationale hypothesis gives a numerical quality to
catch the vulnerabilities connected with human subjective procedures, for example thinking and
reasoning. The conventional approaches to knowledge representation lack the means for representing the
meaning of fuzzy concepts. As a consequence, the approaches based on first order logic and classical
probability theory do not provide an appropriate conceptual framework for dealing with the representation
of commonsense knowledge, since such knowledge is by its nature both lexically imprecise and non-

categorical.Some of the crucial qualities of of fuzzy logic are :-

e Infuzzy logic, exact reasoning is viewed as a limiting case of approximate reasoning.

e Infuzzy logic, everything is a matter of degree.

e In fuzzy logic, information is deciphered as collection of elastic or, equivalently, fuzzy constraint
on a collection of variables.

e Inference is viewed as a process of propagation of elastic constraints.

e Any consistent framework can be fuzzified
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There are two primary attributes of fuzzy frameworks that give them better execution for particular

applications. They are:

e Fuzzy framework are suitable for uncertain or inexact thinking, particularly for the framework
with a numerical model that is hard to infer.
e Fuzzy rationale permits choice making with assessed values under deficient or uncertain

Information.

4.2 NEED TO ASSESS SUSTAINABILITY VIA FUZZY LOGIC

Sustainability is a multifaceted idea for which we have no extensively acknowledged definition or
estimation system. The guidelines of customary mathematics can't depict the flow of any socio
environmental system. As Sustainability is inherently vague and complex idea so it is extremely hard to
characterize or measure it. Normal dialect expressions are frequently favored by Policy creators as

opposed to comparison or numerical values in evaluating the sustainability.

We use statistics and system identification to manufacture models for framework whose structure is not
known. A large number of input-output measurements, a collection of candidate models, and a criterion
for selection of the best model based on these measurements are required. The primary issue while
evaluating sustainability using these methods is lack of output data. Despite the fact that a considerable

lot of the inputs can be measured yet it is difficult to gauge the yield.

Whereas on the other hand, Fuzzy logic is quite suitable for evaluating sustainability on the grounds that
it can show complex frameworks for which we have just a little or inadequate information about their
dynamics, the parameters that affect them, and the values of those parameters. Fuzzy logic is capable of
handling knowledge and data represented in different ways such as mathematical models, linguistic rules

or expressions, numerical values.
4.2.1 CHARACTERISTICS AND USABILITY OF FUZZY LOGIC

(Sustainability: an ill-defined concept and its assessment using fuzzy logic Yannis A. Phillis *, Luc A.
Andriantiatsaholiniaina)

It is universally accepted that a reliable measure of sustainability should be the outcome of integrating
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economic as well as natural resources accounts. However, this is not easily achievable due to the lack of
unsolved methodological problems (Kaufmann and Cleveland, 1995) and sufficient data availability. The

following basic features justify the use of the fuzzy logic reasoning for assessing sustainability:

(a) Fuzzy logic has the ability to deal with complex and polymorphous concepts, which are not pliable to
a straightforward quantification and contain uncertainties. In addition, reasoning with such vague concepts
may not be clear and evident, but rather fuzzy.

(b) Fuzzy logic offers the mathematical tools to handle vague concepts and reasoning, and finally gives
tangible answers (‘crisp’ as they are known) to problems fraught with subjectivity. Sustainability is,
indeed, quite subjective. What seems unsustainable to an environmentalist may be sustainable for an

economist and the elements signifying sustainability may vary for these specialists.

Another important characteristic of fuzzy logic is that it utilizes linguistic variables, thus executing
computation with words. If we adopt a traditional mathematical approach for sustainability assessment,
such as cost-benefit analysis or algebraic formulas, then specific factors, which are difficult to quantify,
would be left out. However, there are certain aspects of sustainability, which cannot be quantified and yet
are very significant such as, values and opinions. In this certain area of human thought, fuzzy logic delivers

successfully (Zadeh, 1973; Zimmermann, 1991).

The final crisp value is achieved by defuzzification, which does the reverse of fuzzification. A
straightforward delineation of IF —THEN fluffy estimated thinking is the appraisal of human joy in light
of the mainstream feeling about the centrality of wellbeing. Selecting cash and wellbeing as the key

variables of enjoyment, the fuzzy tenets may be.

e |F one has "much” cash AND "great" wellbeing, THEN he is "exceptionally" upbeat.
e |F one has "much" cash AND "terrible" wellbeing, THEN he is "inadequately" cheerful.
e IF one has "little" cash AND "great" wellbeing, THEN he is "attractively" upbeat.

e IF one has "little" cash AND "terrible" wellbeing THEN At that point he is "inadequately"
cheerful.

"Much” and "little" are semantic estimations of the linguistic variable cash; they compare to the
fuzzification of a certain measure of cash. (Great, terrible), and (inadequately, acceptably, exceptionally)
are semantic estimations of the condition of wellbeing and satisfaction. Defuzzification of the semantic

qualities 'inadequately’, "agreeably” and "exceptionally” gives a fresh estimation of happiness.
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4.3 PRELIMINARIES OF FUZZY SET THEORY

Some of the definitions related to fuzzy set theory adapted from ( Zadeh, 1965; Buckley, 1985; Kaufmann
& Gupta, 1991; Dubois & Prade, 1982; Pedrycz, 1994; Klir & Yuan, 1995; Zimmermann, 2001) are
represented as follows.

Definition 1. A fuzzy set ~ a in a universe of discourse X is characterized by a membership function pa(X)
that maps each element x in X to a real number in the interval [0, 1]. The function value pa(X) is termed
the grade of membership of x in~ a (Kaufmann and Gupta). The nearer the value of pa(X) to unity, the
higher the grade of membership of x in ~ a.

=

H5(x)

0

Figure 9 Triangular fuzzy number 'a’

Definition 2. A triangular fuzzy number (Fig. 1) is represented as a triplet ~ a= (al; a2; a3). Due to their
conceptual and computation simplicity, triangular fuzzy numbers are very commonly used in practical
applications (Klir & Yuan, 1995; Pedrycz, 1994). The membership function of pa(X) triangular fuzzy

number is given by:

0, x<al

x—al

(X) _ a2—al’
- a3—x

Ha ,a2 < x < a3
a3—a2

0,x > a3

al<x<a?2
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Where al, a2, a3 are real numbers and al<a2<a3. The value of x at a2 gives the maximal grade of pa(X)
i.e., a(X) = 1; it is the most probable value of the evaluation data. The value of x at al gives the minimal
grade of pa(x) i.e., pa(X) = 0; it is the least probable value of the evaluation data. The narrower the interval

[al, a3], the lower is the fuzziness of the evaluation data.

4.3.1 LINGUISTIC VARIABLES AND FUZZY SET THEORY

In fuzzy set theory, conversion scales are used to transform the qualitative terms into fuzzy numbers. A
scale of 0-9 is used to rate the criteria and the alternatives. Following Tables represent the conversion
schemes for the qualitative, alternative and criteria ratings.

Qualitative Rating Membership Function

Very poor (VP) (1,1,3)
Poor (P) (1,3,5)
Fair (F) (3,5,7)
Good (G) (5,7,9)
Very good (VG) (7,9,9)

Fuzzy transformation for qualitative alternative site ratings

Qualitative Rating Membership Function

Very Low (VL) (1,1,3)
Low (L) (1,3,5)
Medium(M) (3,5,7)
High (H) (5,7,9)
Very High (VH) (7,9.9)

Fuzzy transformation for qualitative criteria ratings
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4.3.2 FUZZY NUMBER

A fuzzy number is a quantity whose value is ambiguous, rather than exact as is the case with
"conventional” (single-valued) numbers. Any fuzzy number can be assumed as a function whose domain
is a specified set (usually set of the real numbers) and whose range lies within the span of non-negative
real numbers 0 and 1000(both included). Each numerical value in the domain is allotted a specific "grade
of membership" where 0 represents the minimum possible grade, and 1000 is the maximum possible

grade.

4.3.3 TRIANGULAR FUZZY NUMBER

Among the various shapes of fuzzy number, triangular fuzzy number (TFN) is the most prevalent one.
Definition(Triangular fuzzy number): It is a fuzzy number represented with three points as follows :
A= (al, a2, a3)

This representation is interpreted as membership functions.

0, x<al \
x—al I
a2—al’

(
|
ua(X)={ a3—_x,a2 <x<a3
a3—a2

\ ox>a3 )

al<x<a2

=1

Hz(x)

0 a as as

Figure 6: Triangular fuzzy number a
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Now if you get crisp interval by a-cut operation, interval ‘a’ shall be obtained as follows Va € [0, 1].
From
al(a)—al — a a3(o)—a3 _

az—al a3—az2
We get
al(a)=(a2—al)a + al

a3(a)=—(a3—a2)a + a3

Thus Aa=[al(a), a3(a)]
=[(a2—al)a+ al, —(a3—a2)a+ a3]

4.4 VIKOR METHOD

In 1998 VIKOR (Vlsekriterijumska Optimizacija | Kompromisno Resenje) method was developed by
the Opricovic for the multi-criteria optimization of the complex systems. VIKOR method focuses on
ranking and sorting a set of alternatives against various decision criteria assuming that compromising is
only adequate to resolve conflicts. Alike some other MCDM methods like TOPSIS, VIKOR depends on
an aggregating function that signifies closeness to the ideal, but unlike the TOPSIS, introduces the
ranking index based on the particular measures of closeness to the ideal solutions and hence this method
uses linear normalization for eliminating units of the criterion functions (Opricovic & Tzeng, 2004).
The VIKOR strategy was introduced as one appropriate method for actualizing within MCDM issue and
was produced as a multi criteria choice for making a procedure to tackle a discrete decision making
problem with non-commensurable and clashing criteria. This method focuses on the ranking and
selection from a set of alternatives, and evaluates the compromise solution for a problem within
conflicting criteria, which can aid the decision makers to reach a final solution. The multi-criteria
measure for bargain positioning is produced from the LP—metric utilized as a totaling capacity as a part
of a tradeoff programming method.

Assuming that each alternative is evaluated according to each criterion function, the compromise
ranking could be performed by comparing the measure of closeness to the ideal alternative. The various
m alternatives are denoted as A1,Ao,...... Anm. For alternative A, the rating of the j™ aspect is denoted by
fij (i=1,2,.... m; j=1,2,... n), i.e., fij is the value of j"" criterion function for the alternative A, n is the
number of criteria. Development of the VIKOR method starts with the following form of Lp-metric:
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In the VIKOR method L1, (as Si) and Leo;i (as Ri) are used to formulate ranking measure. The solution
obtained by min Si is with a maximum group utility (‘‘majority’’ rule), and the solution obtained by min

Ri is with a minimum individual regret of the opponent.
The compromise ranking algorithm of the VIKOR method has the following steps:

(a) Determine the best fj* and the worst fj- values of all criterion functions j=1,2,.....n. If the jth
function represents a benefit then:
fi* = max; {fij}

fi = min; {fij}
(b) Compute the values Si and Ri; i=1;2;...... m, by these relations:

fj * — xij
Si = ZW]f P
fj * — xij

Ri = maxj wj W

Where wj are the weights of criteria, expressing their relative importance.

(c) Compute the values Qi; i=1;2;...... m, by the following relation:

) Si— S+« + Ri — R *
= — — v —
Q 175——5* ( )R——R*
Where,
S* =min; Si; S- = max; Si; R* = min; Ri; R* =min; R;;
here suppose v = 0:5.
(d) Rank the alternatives, sorting by the values S, Rand Q in decreasing order. The results are three

ranking lists.
(e) Propose as a compromise solution the alternative A, which is ranked the best by the measure

Q(Minimum) if the following two conditions are satisfied:
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C1. Acceptable advantage: Q(A) — Q(A) > DQ
Where A is the alternative with second position in the ranking list by Q. DQ = 1/(m — 1), m is
the number of alternatives.
C2. Acceptable stability in decision making: Alternative A must also be the best ranked by S or/and
R. This compromise solution is stable within a decision making process, which could be ‘‘voting by
majority rule’” (when v>0:5is needed), or ‘‘by consensus’’v=0:5, or ‘‘with veto’’(v<0:5). Here, v is
the weight of the decision making strategy ‘‘the majority of criteria’’ (or ‘‘the maximum group
utility’”).If one of the conditions is not satisfied, then a set of compromise solutions is proposed,
which consists of:
Alternatives Al and A2 if only condition C2 is not satisfied, or
Alternatives A1,A2,....Am if condition Cl is not satisfied; Amis determined by the relation Q(Am) —
Q(AL) <DQ for maximum M(the positions of these alternatives are ‘‘in closeness’”).
The best alternative, ranked by Q, is the one with the minimum value of Q. The main ranking result
is the compromise ranking list of alternatives, and the compromise solution with the ‘‘advantage
rate’’. VIKOR is an effective tool in multi-criteria decision making, particularly in a situation where
the decision maker is not able, or does not know to express his/her preference at the beginning of
system design. The obtained compromise solution could be accepted by the decision makers because
it provides a maximum *‘group utility’’ (represented by min S) of the ‘‘majority’’, and a minimum
of the ‘‘individual regret’’ (represented by min R) of the ‘‘opponent’’. The compromise solutions

could be the basis for negotiations, involving the decision maker’s preference by criteria weights.

33|Page



CHAPTER 5
SITE SELECTION

Two iconic bridges of Delhi that are Signature Bridge and Barapulla elevated Corridor have been taken

into consideration for sustainability review.

SIGNATUE BRIDGE AT WAZIRABAD: Signature bridge project or Wazirabad bridge project is an
upcoming project which is of national as well as international significance. Wazirabad Bridge Project over
River Yamuna consists of a main bridge with eastern and western approaches and creation of tourist
destination along the east and west banks. Later on it was decided to implement these in two phase’s viz.

construction of Bridge in Phase-I and creation of a Tourist Destination in Phase-I1

BARAPULLA ELEVATED ROAD CORRIDOR: Elevated Road Project over Barapulla Nallah is a
corridor connecting East and South Delhi. The Project has been conceived in three phases with nodal
locations as Mayur Vihar in East Delhi and Aurobindo Marg in South Delhi with intermediate locations

as Sarai Kale Khan and Jawahar Lal Nehru Stadium.

It was found out that both the projects have striking similarities which led to formation of common ground

for unbiased comparison of sustainability. The aforementioned similarities are as follows:-

i.  Both of the projects are on water bodies: The Wazirabad bridge is on river Yamuna, 600m
downstream of existing barrage at Wazirabad and also covers Najafgarh drain. The Barapulla
project is built over Barapulla Nallah (Phase | and I1)) as well as over River Yamuna(Phase I11)
which collects the discharges of other internal, peripheral and trunk drains to further discharge its
contents-1,25,000 Kld of domestic sewage into the Yamuna. The areas along the Barapulla Nallah
include INA, Sewa Nagar, JLN Stadium, CGO complex, Jangpura, Nizammuddin, Siddhartha
Extension and Sarai Kale Khan Village.

ii. Both of the projects are iconic bridges and one of their kind: Signature Bridge is an
asymmetric cable stayed bridge with main span of 251 m, while the Bridge over River
Yamuna in Barapulla Phase 111 is Extra Dose bridge with multi spans of 120 m. In both the

cases the deck is supported on Cables.
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Vi.

Vii.

viil.

Both projects are conceived on new alignments that is they are neither the up gradation nor

the expansion of existing corridors.

Both the projects are carried out in phases where partially completed sites have been opened
for public use: In Wazirabad bridge eastern and western approaches have been completed and
hence have been opened for public use. The main bridge part is under construction. In Barapulla
elevated project Phase 1 has been open to public and phase 2 has been partially completed and

shortly will be opened to traffic. Phase 3 is under construction.

Both the projects were constructed in same period i.e. their construction works begin prior
to commonwealth games of 2010: Signature Bridge is estimated to be completed by 2016 and

Barapulla would be completed by 2017.

Both the projects boast about usage of new and highly improvised technologies. Segmental

constructions have been adopted in both the projects.

Both the projects have their major portions constructed away from the urban parts of city
and there has been least disturbance to the public. The normal life has not been hindered in

any manner.

The wazirabad project connects the North East Delhi to North Delhi whereas Barapulla
connects East Delhi to South Delhi.
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CHAPTER 6.
BARAPULLA ELEVATED ROAD PROJECT

6.1 DESCRIPTION

Elevated Road Project over Barapulla Nallah is corridor connecting East and South Delhi. The Project has
been apprehended in three phases with the nodal locations as Mayur Vihar in East Delhi and Aurobindo
Marg in the South Delhi with intermediate locations such as Sarai Kale Khan and Jawahar Lal Nehru
Stadium. An Elevated road that is 4 Kms long connecting Sarai Kale Khan and Jawahar Lal Nehru Stadium
has been completed in 1%t Phase. Work from Nehru Stadium to Aurobindo Marg is under construction in
2" Phase, while the 3 Phase that is link between Sarai Kale Khan and Mayur Vihar to complete the
South-East link, has recently been awarded to L&T. The Precast Segmental Construction Technique with
span by span construction and having deck continuity up to four spans was adopted in order to speed up

the project and complete in given time frame.

6.2 LOCATION

The Proposed Barapulla Nala Corridor was considered as an East-south connecting corridor ,an optional
course to the congested area of Ring Roads between Sarai Kale Khan and AIIMS, that fulfilled the quick
need of Commonwealth Games and in long run for the development of payload, merchandise, individuals,

and utilities.
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Figure 10 Barapulla Elevated Corridor and Nalla
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Figure 11 Loop structure At Sarai—Kale Khan

The arrangement along the Barapulla Nallah (channel) gathers the discharges from internal, peripheral
and trunk drains and further release its substance i.e. 1,25,000 Kld of household sewage into the stream
Yamuna. Barapulla Nallah in its east west arrangement begins from Ring Road to INA, crosses significant
area i.e. Mathura railroad track, a few Arterial Roads specifically Nizamuddin Railway Station Road,
Mathura Road close Jangpura, Lala Lajpat Rai close CGO Complex, Bhishm Pitamaha Marg close Sewa
Nagar Flyover, and meeting Aurobindo Marg before being secured under Dilli Haat. The Nallah with a
width of 70 m. and it covers a region of 9.60 Ha. The territories along the Barapulla Nallah incorporate
INA, Sewa Nagar, JLN Stadium, CGO complex, Jangpura, Nizammuddin, Siddhartha Extension and Sarai
Kale Khan Village.

6.3 DESIGN ASPECTS

For spans other than those at significant intersection, the precast segmental development strategy was
effectively utilized. Here, a span is developed by fitting together a few precast units of length more or less
equivalent to 3.0 m & then pre-stressing them. For facilitating the standardization of segments, the cables
were profiled such that they draped up/down only in the segments near to the end but followed horizontal
profile in the middle segments. By considering some of segments from the central zone, various span
lengths were probable. Such arrangements offered flexibility in planning of the substructure location
depending on the site conditions. The construction was carried out span-by-span starting at one end of
continuous stretch and last at other end. Due to adoption of segmental technique It was conceivable to

erect a typical 34 m span in time frame of just 2.5 days.
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Figure 12 Lala Lajpat Rai Crossing

With the end goal of minimizing the expansion joints and to upgrade the wonderful riding quality, it was
chosen to have a procurement of deck continuity. Expansion joints were given after every three

progressive compasses.

At all the significant intersections, three/ five span continuous units have been given. The central piers
were made integral to superstructure. Twin leaf slender piers were provided in the structure instead of one
thick pier in order to counterbalance the impact of temperature change, shrinkage and creep, as twin
leaf slender piers could absorb most of the deformation without developing excessive moments. These

fundamental crossings are in precast segmental construction.

There was an additional requirement of crash barrier dowels as the depth of girders varied from 4.584 m
to 2.45 m .Transportation of these heavy segments to site from casting yard was planned carefully. For
the purpose of transportation of these segments special low bedded trailers were employed.

Special lifter were acquired from the NRS for lifting of the portions, adjusting them and keeping them in

position till they were stuck to already casted structure through temporary/ permanent pre-stressing.
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Segment on the main side was raised, adjusted, epoxy paste was spread at visible surface and was fixed
to structure through temporary pre-stressing. After this the complementary portion on other side was
raised, adjusted, epoxy paste spread at first glance and provisional pre-stressing was done. Later on, the
perpetual cantilever cables were threaded in and were stressed to finalize the erection of a pair of the

cantilevering segment.

For this project 5 lifters were employed with each lifter weighing around 90 tons. Each lifter served the
purpose of lifting the segment from ground, rotating it, aligning it and finally transferring the segments
on the precast structure. At some locations where the lifting of segments directly under the bridge was
impossible, the segments were first raised from the other side (lateral span) and later transferred on the
precast structure. At certain locations where the lifting of segments directly under the bridge from either
sides was impossible, the segments were lifted with help of cranes. Ground supported trestles were used

to erect the end portion of the end span. Central stitch was completed cast-in-situ.

6.4 SUSTAINABILITY CONSIDERATIONS

1. The study of alignment connecting the INA near Dilli Haat and Ring Road at Barapulla Nallah
was most economical, direct, aesthetic, and was based on swift constructability. The project
enhanced the aesthetics of the urban space. Intrusions next to the historic monuments were very

sensitive. The work was executed without disrupting the flow of traffic

2. At all the sensitive receivers noise barriers were provided. A suitable mix of indigenous species
including deciduous species and broad-leaved evergreen have been planted along the roadside.
The deciduous species were planted on slopes.

3. While driving from Sarai kale khan to INA on the new Elevated Corridor, the Barapulla Bridge is

aesthetically visible.

4. The alignment of the road with reference to Khan-e-Khana’s Tomb was proposed to be as far as
possible, even more than 100 meters away from the notified monuments that are designated as
Prohibited Areas within which no construction is permitted. Archeological Survey of India (ASI)
recommended engaging a heritage consultant for Khan-e-Khana’s Tomb and Barapulla Bridge. It
was found that the earlier preferred alignment option was contrary to the specifications of the

Ancient Monuments and Archeological Sites and Remains Act 1958. Alignment was moved
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towards east to provide 107 meter distance between the Monument and structure. Structure soffit

level was raised from 5.5 mts to 12 mts above Mathura Road Level.

5. The Archaeological Beauty of the entire area has been restored by landscaping the area. Edge
Alignment is proposed to be 107m away from Khan-e-Khana Mirza Abdur Rahims khan
Tomb (Protected Monument) with vertical Clearance of 12 m from Mathura road to
guarantee visibility of Khan-e-khana Tomb. Elevated Roads provide unhindered visibility to

Old Barapulla Bridge complying with ASI observations.

6. For minimizing the disturbance to road and rail traffic, segmental construction was planned. The
sequence of operation were planned and executed in such a manner that the road as well as rail

traffic moved uninterrupted throughout the construction period.

7. As per the recommended practice for treatment of the embankment slopes, turfing was done on

the embankment. Trees were planted on the both sides of the road and inside the rotary.

8. Nodisturbance has been caused to the prevailing drainage patterns. Side drains have been provided
connecting to the main outfall drain. The Sections of the corridors have been modified suitably

along with the cross drainage structures.

9. Safety of workers during construction was ensured by providing helmets, masks, safety goggles,
etc. Adequate barriers, signage and persons with flags to control traffic were provided during the
entire period of construction. Proper drainage was ensured around the sites in order to avoid water

logging leading to diseases.
10. The asthetics of Silver Oaks park were preserved by providing an alignment which led to cutting
of least number of trees. Moreover, park was saved from getting divided into two parts by

providing structure on stilts in park.

11. Near INA, Tailor made structures were provided to accommodate DMRC tunnels. First piling was

done by PWD and then tunneling was done by DMRC and later on pile caps were constructed.
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CHAPTER 7.
SIGNATURE BRIDGE

7.1 BACKGROUND OF THE PROJECT:

Wazirabad Bridge Project over River Yamuna, was entrusted to DTTDC as a Deposit Work by
Govt. of Delhi on the basis of a MOU was signed on August 27, 2004. As directed by the Govt.,
DTTDC prepared a Detailed Project Report (DPR) for creating a “Tourist Destination” in which
there were provision for having a large water body, various water based sports, development of
East and West banks with a number of tourist facilities. An iconic cable stayed bridge at the
centre was the main attraction. However, in later discussions with Delhi Government, it was

decided to implement the project in two phases viz. construction of Bridge in Phase-1 and

creation of a Tourist Destination in Phase-11.
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Figure 13 the Signature Bridge at Wazirabad, Delhi
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7.2 DESIGN OF BRIDGE:

Keeping in mind the ensuing Common Wealth Games, Government modified the normal
symmetrical cable stayed bridge to an iconic structure, which would become the Signature for
Delhi. Accordingly, the design was modified to have bow shaped unsymmetrical inclined 154m
high pylon and clear waterway of 251m. With the provision of lifts, it will be possible to reach at
the top of the pylon and have a panoramic view of Delhi through the Glass Fagade.

7.3 ENVIRONMENTAL CLEARANCE

i) Itis pertinent to mention that while the Project was planned and mandatory clearances
from various local bodies were obtained, matter was referred to M/O Environment and
Forest for their clearance, but it was returned with remarks that “Bridges are not
covered under EIA notification 2006 and as such Environmental clearance is it

required”.

i) Subsequently, a case was filed before the National Green Tribunal Court against the
construction of this Bridge on the same grounds that the requisite Environment

Clearance has not been obtained.

iii) The case was defended before the Hon’ble NGT Court and finally as per the judgment
pronounced on 12.02.2015, the case has recently been referred to Ministry of
Environment, Forest & Climate Change for providing Environmental Clearance to the

Project.

7.4 SANCTION OF THE PROJECT:

An A/A & E/S (modified after the receipt of tenders) amounting to Rs. 1131.00 Crores was
accorded by Government of Delhi on 26.02.2010. This included the Eastern & Western
Approaches and the Main Cable Stayed Bridge over River Yamuna.
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7.4 BRIEF DESCRIPTION OF THE PROJECT:
7.4.1 APPROACHES:

The work of approaches was awarded to M/s Gammon India Ltd. in June 2008 for a sum of Rs
348.90 Crores with stipulated date of start as June 2008 and stipulated completion in December
2011.

Other details are given below

a. Cost of Approaches Rs. 348.90 Crores
b. Present Progress 98%
C. Likely date of completion  August 2015

Few Highlights:

e Main Flyovers and other independent loop on the Eastern Approach and
Western Approaches have since been completed and opened to traffic.

e Recently DTTDC completed the launching of 49 m span with Pre-cast segments
using overhead launcher. It is the longest span and heaviest segments launched

in India so far.

7.4.2 BRIDGE:

The work of Main Bridge over river Yamuna was awarded to a Joint venture of M/s Gammon
(India)-Construtora Cidade (Brazil)-Tensacciai (Italy) for a sum of Rs. 631.81 Crores in March
2010, with stipulated date of completion in December 2013. Due to delay in handing over site and
redesign of foundation P-23, the work is delayed and now the target of completion is June 2016.
Other details are given below

a. Cost of Bridge Rs. 631.81 Crores

b. Present Progress 64%

c. Likely date of completion  June 2016
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7.5 PRESENT STATUS OF WORK

The present status of the work is furnished in the following paras

(i)

(i)
(iii)
(iv)

v)

(vi)

(vii)

(viii)

(ix)
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At present all the foundations except integrated pile of P-23 wells have been

completed. Integrated Piling in P23 is in progress.
The erection work for the pylon and steel girders for the Bridge is in progress.
All the girders have been received from China.

The fabrication of temporary structures is nearing completion and the erection

work is in progress.

The two pylon bases, the heaviest part and Lo elements have been placed and

welded on the Piers P19. The erection of cross tie is also completed.

The structural steel fabrication (14000 MT) for the main pylon is in progress with
M/s ZTSS in China. Four consignments totaling 8000 MT of the fabricated
material have been received at site and the trial assembly work is in progress for
the last consignment. The 5™ consignment will be dispatched in two parts. First
part of 5™ consignment is expected for dispatch by June 2015 and balance by
October 2015

All bearings have been fabricated and assembled in Germany and have arrived at

site.

Methodology for the Stay cables has been received and the material will be
dispatched to the site in September 2015.

A Revised Preliminary Estimate amounting to Rs. 1594 crores has been framed
and has been sent to Govt. of Delhi for scrutiny, processing and approval.



7.6 QUALITY CONTROL

Q-4 (Extra High Quality Assurance) as described in IRC : SP: 47 and 57 is followed for this
project. Besides this, ISO 9000 Standards have been followed in Project. Further, in this

project 4 Tier Quality Assurance System is being followed
e QChbyZTSS
e QChylV
e QC by LRA (3rd Party)

e QC by sbp gmbh (Design Consultant)

7.1 SAFETY ASPECTS

The project is being executed in River, in depth as deep as 50 m below the ground, as height as
high as 154 m. All kinds of precautions for safety of workmen working at site, for the movement

of Engineers and Protection of Environment have been adopted and till date not a single mis-

happening has been reported.
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CHPAPTER 8.
MATERIALS AND METHODS

8.1 SELECTION OF CORRIDOR

Two major corridors of Delhi namely Barapulla Elevated Corridor and Signature Bridge at
wazirabad have been taken into account for study. The criteria for site selection has been justified
in Chapter 5.

8.2 METHODOLOGY FOLLOWED FOR THE
IDENTIFICATION OF SUSTAINABILITY INDICATORS

Following procedure has been followed in this research to identify the sustainability indicators.

1. Selection of a corridor under construction and defining the infrastructure criteria for the

corridor.

2. Developing sustainability indicator categories

3. ldentifying sustainability indicators

4. Compiling a proforma that includes sustainability indicators and columns for rating

5. Assigning quantitative as well as qualitative ratings to the recognized indicators by furnishing

ratings from the expert’s opinions

8.3 DATA SOURCES AND COLLECTION

As soon as the segments along the two corridors were settled as the area for the contextual analysis,
information was gathered. The introductory step was to distinguish the information necessities and
the sources from where the information could be gathered. Henceforth, a table was produced
posting all the information sources and the individual information necessity from every credit
application. Sources incorporate observations from site visit, specialists in the transportation field
and the general population (workers/occupants).

With the end goal of recognizing sustainability indicators and confirming their weightage ,a
proforma with subjective and quantitative appraisals for these indicators was produced and sent to
different specialists of transportation field. They sent back the rightfully filled proforma through
email..

For assessment of the corridors under investigation, the information was gathered by leading a
study out in the open (workers/occupants) including offices on those destinations. The proforma
which included indicators and a section for the quantitative appraisals for every site was
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disseminated in the neighboring settlements and the shops close to the development s. The
proforma were gathered actually and wherever obliged the genuine object was additionally
disclosed to individuals with a specific end goal to get one-sided audits.

Data that was not outfitted by any of the predetermined sources was considered as a supposition
and was archived accordingly. Case in point, Spirituality indicators were considered as a suspicion
because of the absence of community access to inner environment at site .Hence, spirituality
indicators were recorded accordingly and were connected to the assessment systems.

8.4 FUZZY VIKOR APPLICATION
8.4.1 SELECTION OF EVALUATION CRITERIA

The chief step involves the selection of the criteria for evaluating sustainability of an urban
transportation corridor through a comprehensive literature review (Jeon, Amekudzi and Guensler
2008, Litman 2009, Zietsman 2000), through our site visit experience, observations and expert

opinion. The finalised list contains 43 criteria.

S.No. SUSTAINABILITY INDICATORS
A. ENVIRONMENTAL
1. Air Pollution
2. Existing Drainage system
3. Noise pollution during day
4, Noise pollution during night
5. Depletion of Green Belt
6. Plantation scheme
7. Alternate schemes for make the project more sustainable
B. SOCIAL
8. Health of workers
9. Welfare activities for family of workers
10. | Sanitation conditions
11. First Aid facilities
12. Safety measures
13. Increase in stress level of residents/commuters
14, Impact on Health of residents/commuters
15. Impact on safety of residents/ commuters
16. Preserving the social spaces like cremation ground, Sur Ghat
17. Public attraction with the aesthetics of the Project
18. Utility of the Project to Public
19. Preserving the heritage structures
C. ECONOMICS
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20.

Increase in Travel time

21. Increase in travel cost
22, Disturbance to the business/Employment of nearby residents
23. Increase in cost of Construction due to lack of funds
24, Increase in cost of Construction due to time overrun
D. TECHNICAL
25. Display of Project Details
26. | Traffic Diversions
27. | Visibility and sight distance to moving traffic
28. Lighting of Construction site
29. Barricading the site
30. Effectiveness of Technology used
31. Handling of C & D Waste
32. Quality Assurance on the Project
E. GOVERNANCE

33. Ensuring the mobility of Traffic within the project area by traffic Marshalls
34. Maintenance of existing drainage system
35. Maintenance of Barricades
36. Maintenance of existing utilities
37. Maintenance of existing greenery
38. Time over run due to delay in Govt. decisions
39. Time over run due to mismanagement at site

F. INNER ENGINEERING
40. Facilities of Yoga/meditation
41, Performance of Rituals at site like Vishvakarma Puja, May Day
42. | Celebration during Festivals at site
43. Motivation to workers by reward policy or otherwise

8.4.2 GENERATING QUALITATIVE CRITERIA AND ALTERNATIVE
RATINGS

For the purpose of sustainability evaluation of an urban transportation corridor, assessment of a
urban transportation corridor, we require the information on social-economic-environmental-
technical-governance-spirituality indicators. However, in general practice it has been observed,
that there is none or restricted information accessibility on this subject, consequently making this
assessment process troublesome.To experience this circumstance, we made utilization of different
subjective appraisals, for example, Good, Very Good, Fair, Poor, Very Poor for evaluating the

options from people in general and Very Low, Low, Medium, High, Very High for the criteria by
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expert opinion. Later, they were changed into fuzzy numbers using the conversion schemes
provided in following Tables for further processing through Fuzzy VIKOR technique.

Qualitative Rating Membership Function
Very poor (VP) (1,1,3)
Poor (P) (1,3,5)
Fair (F) (3,5,7)
Good (G) (5,7,9)
Very good (VG) (7.9.9)

Figure 14 Fuzzy transformation for qualitative alternative site ratings

Qualitative Rating Membership Function

Very Low (VL) (1,1,3)
Low (L) (1,3,5)
Medium(M) (3,5,7)
High (H) (5,7,9)
Very High (VH) (7,9.9)

Figure 15 Fuzzy transformation for qualitative criteria ratings

8.4.3 FUZZY VIKOR TECHNIQUE FOR EVALUATION

The fuzzy VIKOR technique involves fuzzy assessments of criteria and alternatives in VIKOR (in
Serbian: VlseKriterijumska Optimizacija IKompromisno Resenje). It measures the closeness of
the alternative with respect to the positive ideal solution for evaluation (Anjali Awasthi et al. 2013).

Step 1: To Assign ratings to various alternatives and criteria
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Let us take a set of m alternatives called A = {Al, A2,., Am }which we need to evaluate against a
set of n criteria, that is C = {C1 ,C2 ,., Cn }. The criteria weights are represented by w;j where
(j=1,2,..,n). The performance ratings of the decision maker Dk (k = 1,2,..., K) for each
alternative Ai(i=1,2,..,m) according to criteria Cj(j= 1,2,..,n) are denoted by :

Rk = Xijk =(aijk, bijk, Cijk), where j=1, 2,...,n; i=1,....,m; k=1, 2 ..., K with membership
function prk (X).

Step 2: To compute the aggregate fuzzy ratings corresponding to alternatives and criteria.

When fuzzy ratings for all the decision makers are described as the triangular fuzzy number Rk=(ax,
bk, ck), where k=1,2,...,K, then the aggregated fuzzy rating is defined by R=(a, b, ¢), k=1,2,...,K
where;

a=minfad, b = - X¥_, bk, ¢ = max{ci} 1)

The aggregated fuzzy weights (wij) corresponding to each criterion are calculated as w;j = (wj;
wj2; wj3) where

Wi = min {wjki}, wj2 = %Z’,ﬁzlekz, Wiz = max{Cjks} (2

Step 3: To compute the fuzzy decision matrix

The fuzzy decision matrix for the criteria (W) and the alternatives (D) is constructed as follows:

1 €2 .. Cn
Al [X11 X12 ... Xln

D= A2 ML XE e A e om0 @)
44 lxm1 xm2 ... xmn

W = (W1, Wa... Wn)

Step 4: To defuzzify the elements of the fuzzy decision matrix corresponding to the
alternatives and the criteria weights into crisp values.

For example a fuzzy number a~= (al, a2, a3) can be converted into a crisp number a by employing
the below equation:

a = (al+4a2 +a3)/6 4)

Step 5: To Determine the best and worst values of critera rating where fj* is best and values
fj is worst value

fi* = maxi {xi} )
fir = mini {Xij}
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Step 6: To compute the values of Si and Ri using the equations given below

£ — Xjj
[ — n )] 1)
Si = =W e (6)
]f*]
P — i~ X
Ri = max; wj ——— ()

] ]
Step 7: To compute the values of Qi using

s R;-R™

Qi=vi=—+ (1-v) =0 (8)

Where:

S* = minimum S;

S = maximum S;

R* = minimum R;

R™ = maximum R;

And v is the weight for the strategy of maximum group utility and here it is taken to be 0.5
Step 8: To rank the alternatives by sorting the values Q, R and S in ascending order.

Step 9: To propose a compromise solution for the alternative (A () which is the best ranked
by the measure Q(minimum) if the following two conditions are satisfied

C1: Acceptable advantage

IfQ (A®) -Q (AW)=DQ 9)

Where A @ is the alternative that holds second position in the ranking list according to Q and
DQ=1/J-1 where j is number of criteria

C2: Acceptable stability in decision making (10)

The alternative A® should also be the best ranked by R or/and RS. The settlement solution is
stable only within a specific decision making process, and that could be the strategy of maximum
group utility (when v>0.5 is needed), or —by consensus when v = 0.5 , or —with veto ie
(v<0.5). If one of the above conditions is not satisfied, then a set of settlement solutions is
proposed, which consists of:

. Alternatives A® and A@ if only the condition C2 is not satisfied Or

. Alternatives A®, A®@), ... A(M)if the condition C1 is not satisfied; AM is determined
by the relation Q(AM) - Q(AM) < DQ for maximum M (the position of these
alternatives are in closeness).
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CHAPTER 9.
RESULTS AND DISCUSSION

9.1 NUMERICAL APPLICATION

In this section sustainability evaluation of the two transportation corridors namely Al and A2,in
Delhi, under construction have been carried out using the Fuzzy VIKOR technique and is presented
in this. These project sites are Barapulla Elevated Corridor (Al) constructed by PWD and
Signature Bridge (A2) constructed by DTTDC.

A committee of 10 experts (E1, E2... E10) was formed to obtain the qualitative ratings for the
criteria and the alternatives.

e Calculation of Fuzzy membership functions for the expert views. The Crisp values of have
been calculated as per equation no 4

Table 1: Qualitative Assessments and Aggregate fuzzy criteria ratings

Criteria Qualitative rating Aggregate Fuzzy Crisp
Rating Value

El | E2 | E3 | E4 | E5 E6 E7 ES8 E9 | E10

OPS | LP | SKR | PK | HKS | VKS | VSK | PKS | SSRI | SS

ClL |VH|VH|VH | H/| H | VH ]| VH VH | VH (3,8.2,9) 7.466667
C2 H[VH| M [VH| M [ M | H [VH| VH | H (3,7.2,9) 6.8
C3 M| H| H[H] L H M [ M| MM (15.6,9) 5.4
c4 H [VH| VH |[VH| VH | H H | VH (5,8.9) 7.666667
C5 |VH|VH| M [ H| H [ VH | VH H | H (3,7.6,9) 7.066667
C6 |VH|VH|VH|H| H]|[ M| H]|M]|HIH (3,7.2,9) 6.8
c7 H | M VH| H VH| H | H (3,6.6,9) 6.4
C8 |VH|VH| H [VH| H [ VH | H H | VH (5,8,9) 7.666667
CO |[VH|H]| L [VH| H H H | M| H|H (1,6.8,9) 6.2
Cl0 |VH|VH| H [VH| H | VH | H H | H (5,7.8,9) 7533333
Cll |[VH|VH|VH [VH| H [ VH | VH |VH| H |[VH (5,8.6,9) 8.066667
Cl2 [VH|VH| VH [VH| VH [ VH [ VH | VH | VH | VH (7,9.9) 8.666667
Cl3 | H |VH| VL|VH| M |[VH|VH | H | M |[VH (1,7.9) 6.333333
Cl4 [VH|VH|VH [VH| M [ VH | VH | H H | H (3.8,9) 7.333333
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Cl5 |VH|VH|[VH [VH| H [ VH [ VH |VH]| VH | H (5,8.6,9) 8.066667
C16 VH M VH VH (3,6.8,9) 6.533333
Clm | M | H | L H |VH| M | M| H | M (1,6,9) 5.666667
C18 | VH | VH H| M | H |VH|VH]| H |VH (3,7.6,9) 7.066667
Cl9 | VH | M M VH VH | H (3,6.4,9) 6.266667
C20 |VH|VH|VH |[VA| M [VH| H | H | VH|H (3.8,9) 7.333333
C2L | VH |[VH| VH [VH| M H | H | VH (3,7.6,9) 7.066667
C2 | H | H | VH |VH| L H | H| H | M (1,6.6,9) 6.066667
C23 | H |H| H [VA|VH|VH | H [ H | VH |VH (5.8.9) 7.666667
C24 | H | H VH| VH | VH | H | H | VH | VH (5,8,9) 7.666667
C25 | H |H| M |H| L | L |H VH | L (1,5.6,9) 54
C2%6 | VH |VH| VH [VH| VH | VH | VH | VH | VH | H (5,8.8,9) 8.2
C27 |VH|VH| H [VH| M | VH | VH |[VH | H | H (3.8,9) 7.333333
C28 |VH|VH| H [VH|VH |VH [ VH |[VH | VH | H (5,8.6,9) 8.066667
C29 |VH|VH| H [VH| H | VH | VH | H | VH | VH (5,8.4,9) 7.933333
C30 |VH|H| H|H| M| M| M| H]|VH|H (3,6.8,9) 6.533333
C3l | H | H| M |VH VH | VH | H | H |H (3,7.4,9) 6.933333
C32 |VH|H | VH|[VA|VH |VH |[VH |[VH ]| H | H (5,8.4,9) 7.933333
C33 | VH |VH| VH [VH| VL | VH | H | VH | VH | VH (1,8,9) 7
C34 |VH|VH| H [VAH| H |[VH | H [VH]| VH | VH (5,8.4,9) 7.933333
C3% | H M| H|VA| H |VH| H |[VH| H | M (3,7.2,9) 6.8
C3%6 |VH|H | VH|VA|VH|VH | H |[VH| H | H (5,8.2,9) 7.8
C37 |VH|VH| M |[VA| H | H | H H | VH (3,7.6,9) 7.066667
C38 | H |H|VH|VA|VH| H | H | M| VH |VH (3,7.8,9) 7.2
C39 H|VH |VH| M | M | VH | VH | VH | H (3,7.6,9) 7.066667
C40 | M |[M| M |H|VL| M VL[| L |VL]|L (1,3.6,9) 4.066667
C4l | VL | L VH| VH | M | VL | M| H | L (1,5.,9) 5
C&2 | M |[VL|VH | H|VL| M |[VL|[ M| M |VL (1,4,9) 4.333333
C43 |VH|VH| H |H|VH|VH | H | H | VH |VH (5,8.2,9) 7.8
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e We convert the qualitative ratings into fuzzy triangular numbers and then we generate
aggregate ratings using the equation (2).The following Table presents the aggregate fuzzy

decision matrix for the both the alternative sites.

Table 2. Aggregate fuzzy decision matrix for the two alternative sites

CRITERIA AL (PWD) A2 (DTTDC) MINIMUM MAXIMUM
c1 (1,6.72,9) (1,6.52,9) 1 9
c2 (1,6.76,9) (1,6.72,9) 1 9
Cc3 (1,6.92,9) (1,6.76,9) 1 9
c4 (3,6.48,9) (3,6.28,9) 3 9
Cc5 (3,7.24,9) (3,6.8,9) 3 9
Cc6 (1,4.16,9) (1,4.36,9) 1 9
c7 (3,7.12,9) (3,6.88,9) 3 9
c8 (1,6.72,9) (1,6.52,9) 1 9
c9 (1,4,9) (1,4.28,9) 1 9
C10 (1,4.04,9) (1,4.36,9) 1 9
c11 (3,7.28,9) (3,6.8,9) 3 9
Cc12 (1,6.72,9) (1,6.52,9) 1 9
C13 (1,6.64,9) (1,6.68,9) 1 9
C14 (3,6.96,9) (3,6.88,9) 3 9
c15 (3,7.2,9) (3,6.76,9) 3 9
C16 (3,6.96,9) (3,6.8,9) 3 9
c17 (1,6.72,9) (1,6.52,9) 1 9
Cc18 (3,7.28,9) (3,6.76,9) 3 9
C19 (3,7.28,9) (3,6.8,9) 3 9
C20 (3,7.4,9) (3,6.92,9) 3 9
c21 (3,7.28,9) (3,6.8,9) 3 9
c22 (3,7.24,9) (3,6.8,9) 3 9

54 |Page



c23 (3,7.28.,9) (3,6.84,9) 3 9
C24 (3,7.12,9) (3,6.76,9) 3 9
C25 (3,7.24.,9) (3,6.8,9) 3 9
C26 (3,7.24.,9) (3,6.88,9) 3 9
c27 (3,7.24.,9) (3,6.76,9) 3 9
c28 (3,7.28.,9) (3,6.88,9) 3 9
c29 (3,7.24.,9) (3,6.8,9) 3 9
C30 (3,7.32,9) (3,6.84,9) 3 9
c31 (3,7.28.,9) (3,6.8,9) 3 9
C32 (3,6.96,9) (3,6.8,9) 3 9
C33 (3,6.96,9) (3,6.84,9) 3 9
C34 (3,6.88,9) (3,6.8,9) 3 9
C35 (3,7.24,9) (3,6.84,9) 3 9
C36 (3,6.92,9) (3,6.84,9) 3 9
c37 (1,5,9) (1,6.08,9) 1 7
C38 (3,7.28.,9) (3,6.8,9) 3 9
C39 (3,6.88,9) (3,6.8,9) 3 9
C40 (3,6.96,9) (3,6.84,9) 3 9
c41 (3,6.96,9) (3,6.84,9) 3 9
Cc42 (1,7.16,9) (1,6.72,9) 1 9
C43 (3,6.96,9) (3,6.76,9) 3 9

e Generate aggregate crisp ratings for both the alternative sites using equation (4). Based on
these values, we will calculate the best fji* and the worst fj- values of all 43 criteria using

equation (5).
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Table 3 The best values fj* and the worst values fj- of the 43 criteria

CRITERIA CRISP RATING WORST VALUE | BEST VALUE
Al (PWD) A2 (DTTDC) R’ Ry’

C1 6.146667 6.013333 6.013333 6.146667
c2 6.173333 6.146667 6.146667 6.173333
c3 6.28 6.173333 6.173333 6.28
c4 6.32 6.186667 6.186667 6.32
C5 6.826667 6.533333 6.533333 6.826667
C6 4.44 4573333 444 4573333
c7 6.746667 6.586667 6.586667 6.746667
c8 6.146667 6.013333 6.013333 6.146667
co 4333333 452 4.333333 452
C10 4.36 4573333 4.36 4573333
Cl1 6.853333 6.533333 6.533333 6.853333
C12 6.146667 6.013333 6.013333 6.146667
c13 6.003333 6.12 6.003333 6.12
c14 6.64 6.586667 6.586667 6.64
C15 6.8 6.506667 6.506667 6.8
C16 6.64 6.533333 6.533333 6.64
C17 6.146667 6.013333 6.013333 6.146667
c18 6.853333 6.506667 6.506667 6.853333
c19 6.853333 6.533333 6.533333 6.853333
20 6.933333 6.613333 6.613333 6.933333
c21 6.853333 6.533333 6.533333 6.853333
Cc22 6.826667 6.533333 6.533333 6.826667
Cc23 6.853333 6.56 6.56 6.853333
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C24 6.746667 6.506667 6.506667 6.746667
C25 6.826667 6.533333 6.533333 6.826667
C26 6.826667 6.586667 6.586667 6.826667
ca7 6.826667 6.506667 6.506667 6.826667
C28 6.853333 6.586667 6.586667 6.853333
C29 6.826667 6.533333 6.533333 6.826667
C30 6.88 6.56 6.56 6.88
C31 6.853333 6.533333 6.533333 6.853333
C32 6.64 6.533333 6.533333 6.64
C33 6.64 6.56 6.56 6.64
C34 6.586667 6.533333 6.533333 6.586667
C35 6.826667 6.56 6.56 6.826667
C36 6.613333 6.56 6.56 6.613333
C37 5 5.72 5 5.72
C38 6.853333 6.533333 6.533333 6.853333
C39 6.586667 6.533333 6.533333 6.586667
C40 6.64 6.56 6.56 6.64
C41 6.64 6.56 6.56 6.64
C42 6.44 6.146667 6.146667 6.44
C43 6.64 6.506667 6.506667 6.64

Following table presents the values of Si, Ri and Qi for the two alternatives calculated using
equation (6, 7, 8). The values of S*=0.736, S = 5.76, R*= 0.163, R"=0.188 are computed using
equation (9).
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Table 4 Represents the values of Si, Ri and Qi for the two alternatives

Al (PWD) A2 (DTTDC)
S, 0.7359 5.7531
R, 0.1634 0.188
Q 0 1

Table 5 ranks the two alternatives, by sorting the values of Si, Ri and Qi obtained from Table 4 in

the ascending order.

Table 5 Ranks the two alternatives

S; Al A2
R: Al A2
Qi Al A2

It can be seen from the above results as presented in Table 5 that site 1 that is Barapulla
Elevated Corridor by the PWD is the best ranked by the measure of least value of Qi. Therefore

we now cross-examine it for the given two conditions those have been earlier discussed in step 9.
1). C1: acceptable advantage i.e. equation 9
Using equation 9 DQ = 1/43-1 = 1/42 = 0.0238.

Now to satisfy the condition Q (A®) - Q(AM)>DQ ,where AY) is the best ranked by the measure

Q(minimum) and in our case it is Al.

We have

Q(A2) - Q(A1) = 1-0= 1 > 0.0238, hence the condition QA® — QA® > DQ is satisfied.
2). C2: Acceptable stability in decision making using equation 10

Since site Al is best ranked by Si and Ri (considering the —”by consensus rule v =0.5”), therefore

it is declared to be as a more sustainable corridor.
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9.2 RESULTS

Results of this study has been illustrated in Table 5, which depicts that alternative Al i.e.
Barapulla Elevated Corridor by PWD is a more sustainable corridor, in light of the recognized

sustainability indicators, among the two corridors chosen for the case study.

9.3 DISCUSSION
9.3.1 IDENTIFYING SUSTAINABILITY INDICATORS

The five step methodology defined in this research can be used for any transport corridor to

develop sustainability indicators. The five steps are

1. Selection of a corridor under construction and defining the infrastructure criteria for the corridor
2. Developing the sustainability indicator categories

3. ldentifying the sustainability indicators

4. Compilation of a proforma that include sustainability indicators and corresponding columns for

rating

5. Assigning the quantitative as well as qualitative ratings to the recognized indicators by

furnishing the ratings from the field expert’s opinions

Each of these steps can be applied to evaluate a sustainable transportation corridor through
construction in an urban environment. This process began with the requisite for categorization
of the sustainability from its existing three pillars i.e. Economic, Social and Environmental
aspects and excelled with the development of three more vital categories namely Inner
Engineering, Technical an Governance. In later stages the individual parameters/indicators
under these 6 sustainability categories were recognized by visiting the corridors through
construction and consultation with the field experts. Finally, the process completed with the
compilation of a proforma that furnishes Qualitative as well as Quantitative ratings to each

identified sustainability indicator from the experts.
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9.3.2 SUSTAINABILITY EVALUATION

The Fuzzy VIKOR technique was applied for sustainability evaluation of two major transportation
corridors under construction i.e. (A1, A2) in New Delhi city. These projects were Barapulla
Elevated Corridor being constructed by PWD (A1) and Signature Bridge being constructed
by DTTDC (A2).

The Final outcomes after the numerical application of Fuzzy VIKOR method exhibit that
the site Al, i.e. Barapulla Elevated Corridor being constructed by PWD is found to be more
sustainable under the given conditions and the identified sustainability indicators..
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CHAPTER 10.
CONCLUSIONS AND RECOMMENDATIONS

This chapter reviews the need of identifying the sustainability indicators for the transportation
corridors and their applicability to sustainability evaluation as well as corridor development. The
limitations and advantages of using these indicators is discussed in this chapter and also future

scope for improvement and application is defined.

10.1 CONCLUSIONS

Following conclusions are drawn from the above study:

i.  Through this research study it has been furnished that sustainability is not only based on
three parameters but also depend on various other indicators that has been identified as per
study.

ii.  Various Sustainability Indicators through the construction stage has been identified for an
elevated transportation corridor and hence are classified under various categories as
covered in this research.

iii.  The three pillars of sustainability namely social, economic and environmental are viable
only for developed countries whereas in developing economies like India where various
other factors such as exponential increase in population etc. come into play, the need to
introduce additional parameters arises.

iv. ~ The comparative study of 2 iconic transportation corridors through construction,
Barapulla Elevated Corridor being constructed by PWD (Al) and Signature Bridge
being constructed by DTTDC (A2) has defined a methodology for future sustainability
studies

v.  The results of this study yield that Barapulla Elevated corridor is more sustainable as
compared to the Signature Bridge.
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10.2 RECOMMENDATIONS

On the basis of above research work we would like to give some recommendations based on which the
concept of sustainability could be made understood and implemented globally. Following measures also
need to be taken into account while using this methodology to assess the sustainability.

It is recommended to concise the list of identified indicators.

Awareness among masses need to be created for making them understand the concept of
Sustainability and its need.

Proforma for public needs to be in very simple and non-technical language.

Incentives should be given to the people involved in the construction of corridors to
promote the concept of sustainability

Ratings similar to Green buildings need to be furnished in order to achieve the concept of
green flyovers or corridors.

10.3 SCOPE OF FUTURE WORK

In this research, the study has been limited to only developing the indicators and demonstrating
application of FUZZY technigue for sustainability evaluation of transportation corridors. In later
stages we wish to develop a green rating system for transportation corridors, similar to those for
the green buildings. Moreover, this research will serve as a platform or guide for the
implementation of most suitable sustainability indicators through construction of a transportation
infrastructure.
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