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ABSTRACT: In the past years, there has been a massive increase in the population and economic behaveur of Ind
which leads to various serious traffic problems such as accidents, traffic congestion, del&y imteaincrease in air
pollution, etc. Adding to tis, the lack of public transportation facilities has led an increase in the private vehicle
ownership levels. In this research, the sustainability assessment of Nagpur MRTS is considensgt. iHoavebe said

that the traffic conditions have a dependeonoysustainability assessment. The aim of the project is to check the
dependency and to develop the relationship between the traffic parameters with sustainabiliheaspesameters.

The present traffic parameters are considered and data collectidghef@ame is being conducted. The traffic
parameters considered are speed, volume, density and headway. The links connecting one metrdrstatitrer are
selected for the study area.

KEYWORDS :- sustainability assessment, speed, volume, densitgwaga
I. INTRODUCTION

Many major cities are facing serious problems related to traffic congestion, road accidentsedntreaset time,
delays, etc. These problems are more serious in the developing countries. The lack of publitatiansfaailities
have led an increase in the private transportation system, which ultimately gives rise to tnaffistion. It is a
condition on rod network because of thiecrease in the number of vehiclas road, and is identified Bgwer spees,
elongated travetimes, and increasegthicle queuing. Whe traffic demand is sufficierthat theinterface between
vehicles lowerghe speed in the road networtkis results in traffic jamTraffic congestionleads to emit a large
guantity of automobile pollutants ithe environmentand respondents have been suffering from various chronic
diseases .

It negatively impacts people which may affect productivity at word raationships. Roads with traffic jacan be
seen as an example of misfortune for the riders. Tkisessitates adopting strategy to decrease the private
transportation system and support the public transportation system. Execution of Mass Rapi@ystamsiifMRTS)
becomes more efficient as it provides vast benefits like lowering the pollution lexeiisg travel time, reduction in
the rate of accidents, traffic congestion reduction. But sustainability assessment of transsydtdionis of great
importance as it gives a clear idea of the project. However it can be said that traffic condit®agiapendency on

the sustainability assessment. In this study, the aim is to develop a relationship betweeortharpenmeasures of

the transitsystem i.draffic characteristics and the sustainability assessment parameters which can elicit understanding
and at the same time can relate the conditions of traffic with sustainability assessment. Thikiefoektionship
supports us understand the riade correlation between traffic characteristics and sustainability assessment.
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INDIAN SCENARIO

In India, traffic jamis apparently on the rise. This has an adverse effect onrat@kair pollution, loss of fuelsvell-
being, and qualitef life. In the deeloping countries, traffic jams hasen identified as an economic as well as a social
restraint, and detail survey @conomic feature of congestioaue been organized. Such survbegse been victorious

in igniting innumerable policies consultatioandhave generated interest in framing Indeveloped. Traffic jam
cities is going to inease dashingly, with number égative indications. Nagpur is a city in the state of Maharashtra
and is well known for highly dense population, mixed traffic flow, wide network of highways, hpghiited and of
broadly dispersed pattern. These factors are responsible for timengitsuof people and pollution in the city results
into the impact on health of people. Thus it forces to put forward the need of sustainable &osmaricept in front

of society. The automobile dependency creates another set of problem in teigisesfangy consumption, and with
depleting fossil fuels resources. This makes us realize the need of development in sustainasitityalfte
transportation refers to any means of transport which reduces the travelling time with low impaciranmentand
thus on human health without compromising capacity of future need. It provides easy accessfudtie pry corner

of city in a safe and environment friendly mode of transport. Transportation sustainability iseddasusefulness
and regulatiorof transportation system. Different strategies includes planning of transportation properlytedtegra
land use, use of clean fuels, pricing policies, etc.

T:Tg 1: Alignment of Nagpur Metro Rail

The Nagpur Metro is aimed to increase the public tramapon system with the decrease in the usage of private
transportation system and to benefit the people using transportation systefagpur metro will not just transport
people, it will offer Housing, eecgarks and urban forests, shopping arcaddsoffice spaces. In fact, Nagpur metro is
not just a ‘transport system'’ it is creation of a new ‘Mini Nagpur’ where people can live, gokiogeashopping, visit
friends etc. without the need of owning their own vehicles. All this will be done traveilimgtros! This is because
the two metro depots at Hingna and Khapri will have residential complex’ built above the depotsoBatex will
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have housing units for 5000 families. On the other hand, stations at zero milestone, Sitawiltihetoulti storeyed
offering space for office complex and other commercial purpose. This is a model of-TOBnsit oriented
Developmentalong with Urban planning, happening for the very first time in Nagpur!

Objectives and Scope of Project

To identify thetraffic parameters that can be related with sustainability assessment.
Data collection for the defined parameters.

To analyze the traffic parameters viz. speed, volume, density, headway.

To check the dependency of sustainability assessment on these pesamet

To assess the dependency of sustainability assessment parameters.

agrwdNPE

Purpose of Study

The purpose of the research work to attain the above stated objectives are stated below:
1. To elicit a better understanding of sustainability assessment.

2. To relate thesustainability assessment tool with the present traffic conditions.

3. Torelate the traffic parameters with sustainability assessment parameters.

II. LITERATURE REVIEW

This is an interpretativeeport of the information relatetb the title. Itoffers explanation, overview and survef
journal papes referred for the research work. It includes authentiiatéings, as well as conceptuand strategic
explanation about the title

Previous Research Study

Tara RamaniA R H2011) introduceda performance measurement established scheme and assessment dgproach
sustainable transportation. This research focussed on the performance measures like safetypncamgesti
environment to address the objectives of sustainablespwatation. The MAUT (Multi Attribute Utility Theory)
method was applied to evaluate and generalize the prefemfedmance measures and determine sustainability index
merits for the presentas well as for future traffic conditionémadapuram Mohan Raéd B H2012) identified that
traffic congestion in perception as well msactuality effects the motionf people. Traffic congestion leads to
wastage of time, energy and causes pollution. The factors affecting traffic congestion werechassfithyl into mcro

as well as macrktevel factors which relates to the grasmand of road usagA descriptivereview was carried out on

the basis of the quantitative characteristics specifispifed, @vel time, delay time, traffic flownd level of ervice.

Raed Alsahi A B.H2015) proposed a methodology to understand the relationship between the traffic parameters and
traffic safety. The method can be used for evaluating traffic safety at the macroscopic scaliris @ total of
eighteen quations linking accidents and traffic parameters viz. speed, density and flow. The resultsedotiatd
change of speed and density has more effect on safety than change of flow.Ameen# 8al2010) attempted the
estimation of average spabeadway under heterogeneous traffic condition. Space headway is an important traffic
parameter and have direct links with the traffic density. But it was found that, it is difficnieasure the space
headway from field and hence is estimated from tication based parameters like time headway and average speed.
The data calculation included the flow of vehicles at entry and exit points.

P. C. Bueno A B.H2011) reviewed th subsisting tools and technologigsed for sustainability assessmenttlod
transportatiorinfrastiucture estimatedt is found that not any of the subsisting practices and tools discussed involved
the imperative requirements to be suitableatisfy the sustainabilityf the transporation projects. However, most of
them put forward some merifor sugainability assessment, but not any of them could be used to accomplish a
comprehensive assessmeBourabh Ladhi A BH2018) compared the present traffic situation of Nagpur city
considering parameters like queue lendével of service, delay, emission and fuel consumption with the futuristic
traffic conditions after the implementation of metro rail. With the help of traffic volume couweysuanalysis and
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comparison of above parameters were done and observed ghamientation of metro will reduce the queue length,
delay time, fuel consumption and vehicular emissions.

. METHODOLOGY

This chapter discusses the overall methodology that is adopted in order to achieve the obj¢btvaoelct. Tie
flow chart showrbelow in fig3.1 shows the step by step process for the research work.

Defining the Objectives & Parameter

SiteSelection

DataCollection

Analysis offraffic Parameters

Developingelationshipbetween traffic parameters and
sustainability assessment parameters

g
s

Statistical Representation of the Result

Conclusion &iscussion

Fig 1: Flow Chart for the Project

Study Area

Different types of surveys wemsnducted by the DMRGnd as a result the metro alignment was finalizbdse
includedrepeatednspections of the transport network, crossings, comntnaféic flow and traffic jam The metro
alignment is designed suttat itconnecs important areas of the city. A total of 6 links amnsidered i.e. 3 links on

the NorthSouth corridor and 3 lirskon the EastVest corridor as the study area. The 6 links considered for the traffic
data collection and analysis are stated below

Table 1: Alignment of Nagpur Metro Ralil
North-South Corridor
Link 1:- Automotive Square to Teka Naka Square

Link 2:- Teka Naka Square to Indora Square
Link 3:- Indora Square to Kadvi Square
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Link 4:- Vaishno Devi Square to Ambedkar Square
Link 5:- Ambedkar Square to Telephone Exchange Square
Link 6:- Telephone Exchange Square

Traffic data was collected on all the selected libksising digital video camera. The recording was done in the mid
block section of the road on all the links. The camera covered a total distance of 35m of Withraagecific height

that no vehicleget covered by other vehicles in the traffic stred@he survey was conducted during the evening peak
hour i.e. 6 pm to 7 pmifter that trafficparameters viz. Speed, volume, density, headway were calculated accordingly.

Route Length Number of Stations
Alignment Elevated (km) | At Grade | Total (km) Elevated At Grade
(km)
North-South Line .
Automotive Square to Khapr 15.058 4.60 19.658 15 2
Eas-West Line : Prajapa
Nagar to Lokmanya Nagar 18.557 0 18.557 19 0
Speed

Speed is an influentiaftaffic characteristic as tarrelates with safety, time, relieEonvenience and economics. The
speed distribution of a traffic stream can be determined with the help of spot speed Fhediégdeographicnethod

can be used to successfully compléte $pot speed study using a sample size taken over a short period of time. The
study length taken should be good enough to make speed calculations straight forward and |&sg. ddstyswvhile
selecting the location and layout, care must be takenhtbaaimera is placed at a desired height so that no vehicle gets
covered with any other vehicles in the traffic stream. Two reference points should be considietéu ¢ollecting the
elapsed time taken by the vehitddravel the study area.

Spot Spee is calculated by:
&EOP=J7?A

SLAAF@—GEIA

&
& 3
Where, 8~ spot speed ifm/s)
D = study length in (m)
T = time taken by the vehicle to cover study length in (s)

Volume

Traffic volume surveysre carried out t&now the statisticmotions ard classification of the automobiles the road.

The length of sample side basedon the type of count to extract and the purposefalge bthe data that is been
noted. Traffic volume is described the noof vehicles passing a particujasint on the road. Its unit is vehicles/hour

Density

Densty of traffic is describeds the noof vehicles engrossed in a given streactdits unit isvehicles per kilometre.
The datecollected of the study area of lengffron the road, the number of vehicles can be counteelién 1 lane at
that point of time then theéensity «Gcan be calculateas,
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Je
G= =

It is the nunber of vehicles between both tleference poindivided by the distance between them.

Time Headway

Time headway is one of the important indicators of tragidety. Time headway is describad tre elapsed time
between the rear end of the foremeshicle passing a particulaoint on the road and the rear end of the successive
vehicle pasing the same point. In general, headway is the reciprocal of volureeverage headway is defined as the
ratio of volume and timélherefore the average headviayone hourcan be computed as follows:

#RAN*@A@S-GKP%HHQIA
= —yg
3600

The obtained data captured from videography is run in VLC media player and analysis is done bynetaioda By
observing the flow of traffic, vehicles can be categorized into 6 main type of vehicles i.e metaoye, car, Light
Commaecial Vehicle (LCV), bus and truck.

Table2: Traffic Volume & Vehicular Composition

Link Motor Cycle Auto Car LCV Bus Truck Total
Link 1 105¢ 162 227 55 25 8 153:
Link 2 127¢ 24¢€ 31¢ 17 16 6 188:
Link 3 89/ 12¢ 204 34 16 6 128:
Link 4 1417 93 22¢ 49 2 15 180(
Link 5 182( 12( 28t 85 3 17 233(
Link 6 94¢ 93 26t 14 3 10 1334

The volume of the traffic was counted manually by running the video. It was observed that théiopropfor
motorcycles is much greater than any other vehicctemposition. Since the study area lies in the inner city,the
contribution of heavy vehicles is less.

Table 3:Traffic Speed, density and headway data

Link Speed(V) (kmph) Density(k) (veh/km/In) Average Headway
Link 1 35.6¢ 46.42 0.42¢
Link 2 26.2: 53.7i 0.52:¢
Link 3 28.9i 36.6:¢ 0.371
Link 4 25.3¢ 60.0( 0.t
Link 5 22.6¢ 93.2 0.64
Link 6 36.7¢ 74.11 0.28i

Traffic characteristics like speed, density and headway were obtained by using the MicrosoftsExdelok for
calculation. It was foun@asy to calculate the speed of the vehicles as well as density and average headway of the
particular section.
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Sudainability Assessment

It is a method carried out for assistitige decisiormaking policy in a widesnvironmental, economical arsbcial
factors and therefore surpass a purely technological estima&®ifar as sustainability assessment of transportation
system is concerned, the strategic goals include reduction in congestion, safety enhancemerit; expaiosion
opportunities, air qualitymprovement and value enhancement of transportation a€setbe basis of these strategic
goals, their performance measures are given below.

1. Reduction in congestion
1. Travel Time Index
The time required to cover the distance due to congestion isnkasWavel Time Index. It is the proportiasf
peak period travel time to off peak period travel time along the stretch.
2. Program Time Index
It considers the extra time required cover the distance with the current traffic than the timedlrexiuavel the
distance with free flow speed. Moreover, it reflects the extents to whitpeéBentile of travel time exceeds the
mean travel time for the stretch under consideration.

2. Safety enhancement

1. Annual Severe Crash
It considers the crasl occurring on the link in a year. For the purpose, the prediction model is used and the
method given in the Interim Roadway Safety Design Workbook is adopted. By using the predictigrthreodel
fatal crashes resulting in injuries defines the frequen@nomial basis.

2. Percentage lane mile under surveillance
This is an indication that estimates the presence of Intelligent Transportation System prowvsteaf§icfo
monitoring and response facilities to cover the section operated by a TraffitoNManCenter.

3. Economic expansion opportunities
1. Land Use Balance
It indicatesthe land use pattern of the area on both the sides of th&liedand categorizes in three parts i.e.
residential, commercial and public.
2. Truck ThroughpuEfficiency
This indicates the truck volume along the selected section in combination with the travel spadumdes
the freight throughput without affecting the system performance.

4. Air quality improvement
1. Daily NOx, CO and VOC emissions.
It represents the emission of Carbon Monoxide, Nitrogen Oxide and Volatile Organic Compound by the
vehicles.
2. Daily CO2 emissions
It represents the emissions of Carlaboxide in the environment by the vehicles along the stretch.

5. Value enhanaeent of transportation assets
1. Average Pavement Condition Score
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Table 4: Results of SustainabilitAssessment parameters

TTI PTI Annual Lane km Truck Pavement
Severe under TMC | Throughput | Condition
Crashes Per Efficiency Score
Mile

Link 1 2.12 2.0z 11.41 50 60011.9! 53
Link 2 2.3¢ 2.2z 11.2¢ 40 - 55
Link 3 2.5( 2.3¢ 10.1: 70 - 55
Link 4 2.8( 2.6¢€ 11.1¢ 60 - 60
Link 5 3.1¢ 3.0z 9.17 80 - 65
Link 6 3.5( 3.3¢ 12.9( 85 - 65

The end results of travel time index, program time index, arsaya@re crashes per mile, lane km under TMC, truck
throughput efficiency and pavement condition score are given above. The tool which is used ifoabditgta

assessment id MAUT ( Multi Attribute Utility Theory) method.

Table 5: Rsults of SustainabilitAssessment parameters

Capacity Addition | CO2 Emissions | LandUse Balance| VOC & CO Combined
Within ROW
Link 1 0.2¢ 303641 0.92¢ 8800.9:
Link 2 0.2¢ 262288l 1.077 7602.3.
Link 3 0.t 256399 0.97: 7431.6.
Link 4 0.5 249665! 0.62¢ 7236.4
Link 5 0.2¢ 296257! 0.28: 8586.9(
Link 6 0.2¢ 330343l 0.19¢ 9574.8!

The end results of the remaining parameters like capacity addition within ROW, CO2 emissicuiseldmadance,
VOC and CO combined are given above. With the help of these resuliefgbadency can be checked on traffic
parameters.

IV. RESULT

The study plays an important role in understanding the relationship between sustainability assmsdntrexfific
parameters. In this study, traffic parameters were analyzed simultaneoushestiie were divided into four main
sections, each of which represented a different traffic parameter (speed, volume, density ang) reeadivits
relationship with sustainability assessment.

Speed and sustainability assessment.

In this section, the rel@nship between speed and sustainability assessment was investigated. The computation of the
value of the coefficient of determinatiod was completed for the sustainability assessment parameters. In figure 6.1
we can see the regressions for eadh@fsustainability assessment parameters with speed.
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Fig 3: Graphical representation of sustainability assessment versus speed
A B C D E F G H I

4¢ 0.746 0.753 0.580 0.326 0.080 0.532 0.065 0.532 0.004

Table 6:Coefficient of determination4® Values for sustainability assessment versus speed

From table 6we can see that the value 4fwas very important for the figures A, B, C, H while in the figures of D, E,
F, G and | were less important. This depicts that Travel Time Index, Program Time Index, Annt&aC3askes Per
mile and VOC & CO emissions are more considerable to have dapgndn speed than other parameters of
sustainability assessment.

Volume and sustainability assessment

In this section, the relationship between volume and sustainability assessment was investigatedpilitagion of the
value of the coefficient of detmination (49 was completed for the sustainability assessment parameters. In figure 6.2
we can see the regressions for each of the sustainability assessment parameters with volume.
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Fig 4: Graphical representation of sustainability assessment versus volume

A B C D E F G H I

4¢ 0.177 0.182 0.304 0.089 0.126 0.347 0.067 0.347 0.021

Table 7:Coefficient of determination4® Values for sustainability assessment versus volume

From table 7we can see that the value 4fwas very less important for all the stated parameters as it came to be less
than 0.5. With this, it can be stated that the dependency of sustainability assessment iso@ryitessble on the
volume.

Dengty and sustainability assessment

In this section, the relationship between density and sustainability assessment was investigatedpiitation of the
value of the coefficient of determinatiod§ was completed for the sustainability assessmparameters. In figure 6.3
we can see the regressions for each of the sustainability assessment parameters with density.
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Fig 5: Graphical representation of sustainability assessment versus density

A B C D E F G H I

4¢ 0.613 0.611 0.026 0.805 0.222 0.247 0.749 0.247 0.492

Table8: Coefficient of determination4® Values for sustainability assessment versus density

From table 7we can see that the value 4fwas very important for the figures A, B, D and G while in the figures of
C, E, F, Hand | were less important. This depicts that Travel Time Index, Program Time Inde>erR&amdition
Score and Lantlse Balance are more considerable to have dependerspeed than other parameters of
sustainability assessment.

Headway and sustainability assessment

In this section, the relationship between headway and sustainability assessment was investigedethdtation of

the value of the coefficient afetermination #9 was completed for the sustainability assessment parameters. In figure
6.4 we can see the regressions for each of the sustainability assessment parameters with headway.
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Fig 6: Graphical representation of sustdiitidy assessment versus headway

A B C D E F G H I

4¢ 0.175 0.022 0.376 0.126 0.090 0.347 0.067 0.347 0.027

Table9: Coefficient of determination4® Values for sustainability assessment versus headway

From table 9we can see that the value 4fwas very less important for all the stated parameters as it came to be less
than 0.5. With this, it can be stated that the dependency of sustainability assessment is eengittasble on the
headway.

V. CONCLUSION

In this paper, we tried to develop relationship between sustainability assessment and presecoriditiibns. The
proposed work contains twenty six equations linking sustainability assessment and traffic par&veefetsd that
while someequations had a strong relationship, others have a weak relationship. The future work will bbeusing
relationship to develop algorithms for sustainability assessment. But, before that can happemakiore and
guantitative data must be collectetiaanalyzed.
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VI. FUTURE SCOPE

The above results and conclusion are showing the relationship between sustainability assessnrafficand
parameters. Also, some of the parameters have a strong dependency on sustainability assebssnaayieln inajor 4
traffic parameters were taken into consideration i.e. speed, volume, density and headway. Bu¢ tmere traffic
parameters that can be considered and their dependency can be checked and relationship betveaenbihnem
developed.

The following pointscan be considered for future scope:
f Theparameters considered can be analysedatiitbr sustainability assessment soekceptMAUT.
f More traffic parameters can be considered and tried to develop the relationship.
f Implementabn of relationshigan be doe while designing algorithsnfor sustainability assessment.
f The sample size of the study area can be increased along with the parameters for more detailed study
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