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1 Project Overview:

Project Title Comprehensive Cyclafrastructure Auditing and Design
Tool (CyLOS)

Technical Advisor Transport Research Injury Prevention Programme (TRIP!
IIT Delhi

Project Consultants  SGArchitects, New Delhi

Project Web tool Fazio Engineerware.

Developer:

Project Sponsor ShaktiSustainable Enerdyoundation
Project Duration 360 dayq1 Year)

Project Start Date:  Junel5" 2013.
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2 Background:

LG OFy 068 SELSOGSR (KIFIG GKS 3F320SNYyYSyiliQa Lkt
attract investments in street infrastructure improvement along with other measures, increasing
the potential of using cycling to combat GHGs in India. To redlzdull potential of these
efforts, the infrastructure design would need to evolve around a detailed understanding of user
requirements as well knowledge to convert this understanding in to an effective design, which
would attract the desired use. To mak@s possible designers, planners, engineers etc., would
need to be equipped with relevant toolkits, guidelines and manuals. Sonfaéingi absence of

any detailed regional desigand evaluation tools, it is estimated thatore than 75% of the

NMV infrastructure development under JNNURM (and other funded scherfals) to meet user
requirements and expectations and thus attracts negligible or dismal use. Planning and
engineering solutions failed to integrate cycling in urban infrastructure; resulting hereatver
segregation to block motorized two wheelers thus mostly excluding use; or reduced priority
resulting in bicycle network being compromised to motorized vehicular parking or lanes.

Recent efforts to produce such guidelines and toolkits include $he f Y YAy 3 | YR 5
GuidelinesT 2 NJ / & Ot S deyelopel By T RIBEO IfiTd28I8. (This effort furthers the work

2y Wal ydzZf F2NJ/@0fAy3a LyOft dza A @%ans iNdsdogfatioh y ¥ NI &
with SGArchitects.

This guideline prades an inventory of approaches and solutions for planning and designing of
NMT infrastructure in Indian cities. It is felt that this information along with NMT itrirakire

audit benchmarksigcluded in the guidelines) can be moulded in to a featureedasuser
friendly interactive tool, which can accurately predict and/or evaluate the performance of a
proposed or existing infrastructure. The outputs from the teah also be used to improve
plans/designssuch as cross section arrangements, intersectetails, etc., which wilensure

an increased attractiveness and usability of the infrastructure

2.1 Need of the Study

This project outcome offera tool to help planners and designers develop an effechios+

motorized transport MT) infrastructure, whichattracts both choice anaaptive ridersand

akKlktt oS OFftftSR /&[ h{ 2N ThKadaldbilityFo? Ndhtddl &iDt A y I |
direct attention and corrective action towards specific developmantplementation and

operation issues, resuitg in a user appropriate infrastructure. Such efforts in the long term,

when replicated across the city, would ensure better utility of investments made ir non
motorized transport, generating higher use and better public image.t®blswill also be usatfl

to CS@, NGOs, students, academicians and researchers, seeking to quantify the merits and
demerits of developed facilities; as well, effect policy level interventions to address identified
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critical issues, which are beyond the limits of design solstiofhese include, funding of
projects, capacity building, diacentivisingprivate transport use, etc.

2.2 Goal and Objectives

The final goal of the projedis to develop a user friendly cycle infrastructure audit tool which
shall provideplanners, designerand decision makers; information on infrastructure planning
and design shortcomings as well possible improvement strategies for both existing and
plannedcycleinfrastructure However, hiscannot be realizedavithout exploring the tooto its
maximum potential. Hence to achiewbe stated goal the tool needsto be disseminated
amongst city officialsconsultantspractitionersand the user groups, sihe primary objectives
which can be drawn andeededto befulfilled are:

1. Creating a comprehesive and user friendiweb basedtool which can evaluate detailed
Cycle infrastructur@analysis for alihe project cities. This toabould result in
development and creation of general set of context specific recommendations for Cycle
infrastructure devéopment. Based on various alternative design scenario analyses of the
cities thedata generated by the tootould be used in toolkits and manuals.

2. Appraisingcity officials and consultants on the availabilio§ CyLOS tool in order to
ensure itsutilization including that for decision makers who may use itdomparative
analysis of various alternative designs. The target audience would include state and city
level Civil Society Organizations (CSOs), city offi@algineers, along with consutts
involved in the development of NMDridors, etc

3. Enabling the citigsfficials to provide the project monitoring and sanctioning
committees with a detailed comparative analysis with respective outcomes to evaluate
different alternative design scenas and their implications.

2.3 Scope and Limitations

As the idea of the project is to develop a user friendly tool for auditing cycle infrastructure and
design therefore e project is limitecbnlyto cycling infrastructure and usensdluding bi and

tri cycleusers and does not cover pedestrian infrastructure. Also the tool focussed on
commuting cyclists and not on recreational cycle use.
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3 Literature Study

Evaluation of cycling infrastructureeeds to be comprised ofariouselements and features in
terms d cyclingrequirements. These cycling requirements are categorized undermnijer
categoriesCoherence, Directness, Safetpn@ort andAttractiveness.

Coherence¢ Coherence relates to the legibility and connectivity of the bicycle network. In
design, this implies that the segments in the network should look similar to improve the
legibility and usability of the bicycle infrastructure and there is provision of good connectivity
between all origins and destinations. Constant width ensured through designadequate
widening at turns and rendering the same texture for typical scenarios across the network shall
help not only the cyclists to identify with it but also ensure motorists to be cautious at potential
locations .Elimination of any missing segnseat well as standardization of intersections i.e.
the shape, size and form of each category of junction solution should be similar to help the
cyclist be aware of vehiculdehaviourin the traffic mix. Also, use of various measures like
marking, signs ahtraffic calming measures across intersections improves coherence.

Safety¢ Relates to safety from accidents and security fromme. Preventionof collisions and
reducing the conflicts and their impact shall result in a safer travel. Provision of aeeaic
uniform lighting ensures enhanced usability as well as safer streets. Integration of spaces for
hawkers and vendors, support facilities provides security and the necessary eyes on street.
Design of minimal conflicts (and sabnflicts), introducingtraffic calming and resolving
complexity by eliminating segregated left turning lanes, etc., makes safer intersection.

Directness; Directnesof bicycle infrastructure has to do with the amount of time and effort
required by a cyclist to undertake a joway. Therefore, major detours from their natural path
should be avoided. As mentioned4h5 S& A Ay Y I ydzl f (CROWIIWm&20@)Of S ( NI °
directness has two components: in terms of distance and time. At intersections, directness in
time may be achieved by eliminating stopping/waiting for cyclists by introducing bicycle specific
grade separated infrastructure, defining the cyclists righivaf and signals which eliminate or
reduce staged crossing and delays. Directness in distance for NMV users can be achieved by
eliminating any detours or long bends for cyclists at intersections, and by reducing or
eliminating stages in a crossing.

Comfort ¢ Relates to physical comfort experience by cyclist, example shade and snb@th
Ridingcomfort is essential to bicycle infrastructure therefore the surface should be even and
free of cracks and potholes. Riding surface for cyclists at the intersesttiond be smooth to
reduce inconvenience. Water logging in the path of cyclist areas is uncomfortable and
therefore it is important that proper drainage should be provided with regular maintenance.
Also at intersections, traffic nuisances should be mum. Segregation terminating up to the
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stop line at high speed roads or high volume distributor and access roads will ensure cyclists
their Right Of Way (ROW) not obstructed by vehicular traffic.

Attractivenessg Relates to visual and physical attractiess of the route environment.o

ensure attractiveness, it should be taken care that the path of the cyclist should be clean and
devoid of any material dumped that blocks movement. Else, it shall prevent the cyclist from
using the cycle infrastructure frothe initial point and use the carriageway in unsafe
conditions. Location of spaces for hawkers and vendors, well integrated bus shelters, green
areas, resting spaces, etc. and shaded NMT infrastructure is definitely attractive

Theunderstanding of suchehtures and elements can be consolidated by combing the findings
and inferences from thearious cycling infrastructure planning and design relagedelines,
manuals, thesis etc and for the purpose the following studies presented i ade 1 have
been followed to develop the CyLOS tool.

Tablel: Literature studies

S.No Literature Study

Urban Road Safety audit (URSA)

Public Transporfccessibility Toolkit (PTA)
Parisar Cycle track assessment repeRune
H.C.M based tool developed by Dr. Joseph Fa
Ph.D thesis by J.Himani

Bicycle Design Manual for Indian Subcontinen

OO WIN|F

The chapter focuses on thabove mentionedliterature reviews undertakerto extract the
significantindicators and parameters that can be used for evaluation of cycling infrastructure.

3.1 Evaluation Frame work

For the evaluation of any kind of infrastructure the foremost thing required is to deveiop a
evaluation frame work. This frame work is a methodology to approach the evaluation process.
As the prime objective isvaluation,it is observed that eaclstudy (listed abovehad a unjue
evaluationframe workto rate the cyclanfrastructure. Table2 below presents the objective of

the studies and the evaddion frame work adopted by each

Table2: Literature studycObjective and Evaluatioffrrame work

S.No| Literature Study Objective Frame work
1 Urban Road Safety| Identifying the indicators of safety in | Frame work based on the stree
audit (URSA) urban areas and provide typology and thecontext.

comprehensive solution for urban
road safety audit.
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2 Public Transport To define exact parameters, that can| Frame work based on the stree
Accessibility Toolkit be used to describe Public Transport typology and the context.
(PTA) Accessibility.

3 Parisar Cycle track | Evauiation of cycle tracks based on tj Suggests a feature based
assessment repor | parameters Continuality, safety and | evaluation frame work system.
Pune comfort.

4 H.C.M based tool | To develop a tool for the purpose of | Reveals an evaluation network
developed by Dr. | evaluation of cyclénfrastructure. based on type of road and the
Joseph Fazio infrastructure settings.

5 Ph.D thesis by To integrate critical parameters Focuses on an evaluatidrame
J.Himani influencing cycling, including land us( work based on the user

and street environment aspects. perception and context
including road hierarchy and
adjacent land use.

6 Bicycle Design To develop a cycling friendly manual| Suggests a context and user
Manual for Indian | context to Indian subcontinent. perceptionbased evaluation
Subcontinent frame work systenincluding

road hierarchyadjacent land
useand infrastructure settings.

It isobserved from the literature reviews, thatachframe workfor evaluationisbased on
components whichnfluence cycling requirements. Reviewsabbve mentionedlocuments
andguidelines have beebroken down in the following componentghich arefound to bevital
for evaluating cycle imastructure

1 Evaluation unit- This refers to the uih of evaluation such as city, Station area network
route or corridor etc.

1 Context-This refers to the situation or the backgrouatievaluation unit with respect to
the surroundings and the conditions on ground

1 User type-Indicates type of commuters ugirthe cycle infrastructure.

1 Infrastructure Settingsg this deals withtreatmentto the NMV usersn order to meet
cyclist requirementsat intersections and mid blocks separatddgsed onplanning and
design approaches (in different contexts)

1 Geometrics- Theinfrastructure requirementsieeded tosuffice allthe needsof NMV

usersin terms of space and geometrics requirements

1 Environment and Enforcement A good Cycling Environment and Enforcement is
required not to force the cyclist with in a cycle infrasture, but to prevent its misuse
by the other modes and functions.

1 Special conditionsg this refers tothe site limitations in the form of encroachment,
existing trees, culvert@and religiousstructures, location of bus shelters and insufficient
right of way etccausingobstructionsand hindrancen an infrastructure.
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3.2 Evaluation Unit

For any evaluation to be undertaken, a unit or boundary conditions of the same is needed to be
fixed. This igermed as the evaluation unit. An evaluation unit may refer to city, station area
network, route or corridoyetc as the cycle infrastructure cannot exist or planned in isolation.
When city is considered as an evaluation unit, macro level indicators suelcc@ssibility to

safe cycling infrastructure, cycling trips as a proportion of total trips in the city, etc. are used.
For station area access evaluation, an evaluation of all corridors leading station area need to be
conducted. Such an evaluation is bder and may involve aggregation of evaluation for access
by dl modes including cyclingBicycle Design Manual for Indian SubcontingntWhen a
corridor or route is desired to be evaluated the evaluation can be conducted for cycling
infrastructure indepedent of the context or in relation to the context. Where the evaluation is
independent of context it looks at infrastructure details such as curb heights, widths,
segregation type, number of constructions, etc. irrespective of the setting or the roadargiteg
along which the ifrastructure is developedRarisar Cycle track assessment repyriWhere a
cycling infrastructure is appraised with reference to the context, each of the infrastructure
features and performance indicators are evaluated in relatiothtocontext they are placed in.

For example the kind of pathway required by cyclist is specific terdiff road classifications
(Urban Road safety Audit (URSA)dPublic Transport Accessibility toolkit (PT)A)

3.3 Context

Context forms the base for dewment of any kind of infrastructure whether it is public
transport pedestrian or cycle infrastructure. The design and development of a cycle
infrastructure begins by understanding the surrounding cont@itycle Design Manual for
Indian Subcontinent Tte relationship between the existing built environment and the cycling
infrastructure is important to achieve a comprehensive and cohesive cycling package of a city or
a street. Therefore, it is essential to identify indicators which can measure and evdheat
context. The features of the surrounding context of an existing or proposed infrastructure are
street typology available right of way (ROW), road geometrics, abutting land use, traffic
composition on the streets, road cross sections. €drban Roadsafety Audit (URSAaNnd
Public Transport Accessibility toolkit (PT) Jontext can also vary differently on either side of
the road (Left hand side and Right hand side) customized to the street framework,
strengthening the need to evaluate the streets seqtaty for both directions.

3.4 User Type

The evaluation of an infrastructure largely depends on the type of users usiflgistrequires
understanding the difference between the characteristics and requiremehiifferent non-
motorized modes as welinderstanding the requirements of different types of NMV us@éise
different NMV modes are further classified into Bicycles, cycle rickshaws for passengers and
goods. Cycleickshaws have different requirements from cyclists as they are much heavier and
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require higher effort to maintain a desirable spead integrate with other modes of transport

(Bicycle Design Manual for Indian SubcontingntHencecycle rickshaws haveompletely

different requirementsof access and traveDn the other hand the cyclistan also bdurther

dividedinto two categories; potential cyclist and captive cyclist. One who bicycles by choice is
GSNX¥YSR a LRGOGSYGAalrt Oe&Of A alyedhoRidldnsiraints and dBO | LIG A
not have a choice Surrounding land usesnd destinations play an important role in
determining the type of users of the infrastructu@@h.D thesis by JHimani) . The proportion

of categories of anticipated endsers is important to considewhile selecting appropriate

bicycle infrastructurendfacilities(H.C.M based tool developed by Dr. Joseph Fazio

3.5 Infrastructure Setting s- Mid block and Intersections

NMV connections consist of a series of raadsssections and intersectiongntersections and
mid-blocks play an integral role in praung continuity to the NMV user$érisar Cycle track
assessment report, Puné. Since the issues associated with roads differ from those related to
intersections, Evaluation of infrastructuffer cyclistsrequire that intersections be evaluated
separatey from midblockssegments. This is because intersections require different planning
and design approaches (in different contexts) in order to meet cydpiirements Bicycle
Design Manual for Indian Subcontinent

3.6 Geometrics

The infrastructure designethust be such that it suffices all the needs in terms of space and
geometry specific to land use and the user type. Different land use characteristics shall result in
different geometrics requirements on either side of the road such as width of the ayalkst
continuity of the tracks, curving radius, heiglstopeetc (H.C.M based tool developed by Dr.
Joseph Fazio The needs of different user types will also result in different geometric design
requirements such as slopes and gradients to ease steatifgyv speedsgood surface type to
protect the rider from shocks of the road, segregation type etc. Therefore it is essential to
identify the percentage of users using the infrastructure and different components ofusesl

(Ph. D thesis by JHimani) along the streets and subsequently use the data to evaluhte
geometric§UrbanRoad safety Audit (URSAndPublic Transport Accessibility toolkit (PJ)A

3.7 Environment and Enforcement

A good environment and strict enforcement strategies are requirechagvations for cycling
and also ensure that NMV commuters do not switch to other modes of transport.
Incompatibility of motorized traffic with NMV commuterss responsible for a significant
proportion o the safety issueqBicycle Design Manual for Indiafsubcontinen). It is
recognized from the literatureeviewsthat if goals to encourage cycling are to be met, then the
environment they occur in must be safe & comfortafffarisar Cycle track assessment report

¢ Pune. Therefore it is important to comphensively evaluate the host of the cycling
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environment such as shade during the day, light after dark, barrier free cycle tracks, traffic
calming measures, presence of buffer zone to physically segregate from the motorized traffic,
ensuring safety and seaty for cyclists etc(Urban Road safety Audit (URSA9nd Public
Transport Accessibility toolkit (PTA

In addition to the environment, establishirggfectiveregulatoryand enforcement mechanisms

to assist various state and other government bodiestterggthen and improve the cycle riding
experience. Therexists avicious cycldetweenthe enforcement issues and NMV commuters.
Generally the cycle infrastructure remains unutiliziee to theissues like missing lengthisw
maintenance and encroachmenby hawkers parkingon cycle pathsetc (Parisar Cycle track
assessment report¢ Pung.Hence for the purpose of evaluation of cyclifacilities, the
enforcement strategies play a very critical part in the provided or proposed infrastructure.
These streegies shall include design and training applications of appropriate safety policies,
implement bicycle related laws, speed enforcement for all modesraffic, prohibition of
others modes in NMV infrastructurenplementation of cycling oriented signaged markings
etc for enhanced safety of bicyalsers(BicycleDesign Manual for Indian Subcontinent

3.8 Special Conditions

Site limitations in the form of encroachment, existing trees, culverts, religious structures,
location of bus shelters, insufficiemtght of way etc present bottleneck conditions in an
infrastructure. These can be termed as special conditions as these can vary according to the
route or corridor (evaluation unit), site conditions, relative context, street typology, adjacent
land useetc. For evaluation process to be undertaken, thesenstraints require spedia
attention and design judgmerdccordingly Howeverit can beobserved that each of the study
has taken care of these special conditioascording to the features of their respeoct
evaluation framework. Where the evaluation is independent of context,ede above
mentioned obstructions or bottleneckdorm a part of geometry Parisar Cycle track
assessment repoitin case of context oriented evaluation the special conditions aenb
distributed as part of street typology, land use étirban Road safety Audit (URSAnd Public
Transport Accessibility toolkit (PTASimilarly if the evaluation network is based on
infrastructure settings the site specific constraints are being dised in terms of intersections
and mid blocks located on the existing infrastruc{i@ieycle Design Manual for Indian
Subcontinen).But to create abetter cyclinginfrastructure the proposecdvaluating toolmust
pursue these special conditiorseparatelyas an essentialpart of input data b rate an
infrastructure.

Themethodologyfor evaluation of cycling infrastructure, adopted in CyLOSibased on the
evaluation strategieglentified from the literature studiesliscussed above
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4 Methodology

Thissection discusses the CyLOS tool methodology in two parts. The first part briefly details out
the methodology used in the development of the tool, while the second part discusses the
functional methodology or the working of the tool.

4.1 Development Methodolo gy

The CyLOS project is planned to be undertaken in 4 different parts under two stagleases;
i.e. tool development and appraisagéspectively. As shown iRigurel first 3 parts of the
project fall under tool development stage where as the last part comprisiragppfaisalof the
tool and feedbaclkollectionis incorporated in the stage2.

*  AFinalizingCyLO®bjectives
AFinalizing evaluation unit
Aldentification of indicators
ABenchmarking of Indicators
AApplying weights to Indicators

AFinalizing the modeling tool (for
generation of any outputs)

AFinalizing the evaluation framework.
ALaunching of web based tool after review

§ ~_and testing
AStakeholder appraisalf the tool and
collection of feedback

A

Figurel: CyLOS developmer8tages

The cycling infrastructure audit and design tool has been conceived as a web based interactive
and user friendly tool. A web based approach not only ensures better access but also allows a
containing the tool. The site was planned to not only host the evaluation framework of the tool
but also background information and reports on the working of tool as well the cycle
infrastructure design guidelines on which tto®l is based.
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The evaluation framework of the tool was developed based on discussions with TRIPP, IIT Delhi.

It was agreed that the evaluation framework will be built against the backgrounds of cycling
infrastructure planning and design recommendation®ihdzZRSR Ay (GKS Wt | yyA
DdZA RSt AySa T2N) /80ftS LYFNFadNHzOGdzNBEQd ¢KS ON
undertaken is based on the literature review and has been discussed in the previous section.

This led to the finalization of euwgtion units in the tool. The three broad evaluation units in

the tool were cycling corridor or route evaluation, cycling access in transit influence zone
evaluation and the overall city level cycling infrastructure evaluation.

Based on the evaluation usitindicators for evaluations under different categories, related to
standard cycle infrastructure design principles; were identified. A total of 33 indicators under
five categories, viz. coherence, safety, directness, comfort and attractiveness werdiedent
route or corridor as well transit access zone evaluation. Seven of these indicators were
repeated under two categories while the rest were represented in single category. City cycling
infrastructure evaluation unit uses ten indicators in two categsriThese two categories are

the current city status and potential for the city. Evaluation against both these categories is
independent and the results are not aggregated.

Following the identification of indicators, each of the indicators were benchmakkedl
assigned weights to allow an aggregated output. It was decided that the tool shall present both,
disaggregated output against each indicator as well aggregated output for the overall cycling
infrastructure. A weighted aggregation was preferred. Taguire determining weights not just

for individual indicators within each category but also category weights. Combined this would
allow weightage of each indicator in the overall evaluation. Benchmarking of indicators was
undertaken based on literature reaw. Because of our evolving knowledge on the measure of
different indicators and their impact on the cycling infrastructure design, it was decided that all
weightages and scaling values (against the benchmark for each indicator) shall be presented in
the default form and be open to editing during evaluation. However edited values can always
be compared against the default values in the tool.

Three methods were used to estimate the weightages for all indicators. They were either
derived using an AHP basedegtionnaire presented to either experts or potential cyclists; or
these were derived using discussion format with experts at TRIPP, IIT Delhdet8iis of
indicators used in each evaluation unit as well as their weightagesbeeme discussed in detail

in sectiors6.1and 7.2

After finalization of weightages in each categ for each evaluation unit, the algorithms for
evaluation were developed. As a part of developing evaluation algorithms, input variables
required for evaluation all the indicators were identified, along with the parameters which
define their relationshigo each other as well to weightages and the scale used for evaluation
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(refer section6.2). These input variables were subsequently organised in sequential fanms o
the basis of the order in which one variable effects or defines the other. This sequence was
clubbed and arranged under logical heads such as design and context inputs, so as the same
could be presented in specific forms for each evaluation unit on thle site user interface. The
content of the forms is explained in detail in the CyLOS user manual, while its architecture and
order of presentation in the webtsi has been presented in Chapteof this report.

In stage two of the CyLOS tool developméhé tool was presented and discussedth
stakeholders such as civil services orgations (CSO), city officials (Transpoep8rtment,
Municipal Corporation etc.) planners, engineers, consultants, etc; through a series of four
workshops held at different parts of the country.elibjective of these workshops present the
finished tool was not only to spread awareness about the tool but also to discuss its working
along with contents of evaluation output; in order to gather feedback and recommendations on
any changes required. Theoceeding of these workshops hhsen presented in sectio of

this report.

4.2 Working Methodology

Working of CyLOS tool can be explained as a six stage linear pfeicess2). To initiate an
evaluation of cycling infrastructure using CyLOS tool the user has to click the getting started
button on the website, followg which he/she needs to login to the functional part of the tool.
First time users would need to gester by inputting their credentials including name, email
address and contact details. User login is an essential requirement to use the tool in order to
allow repeat users to access previously evaluated information and data.

After login, the users carekect one of the three evaluation units based on their requirements.
These units are route/corridor, transit station access area and city wide network evaluation.
Each of the evaluation units has its own data requirements and evaluation methodology. The
getting started page includes observations sheets and list of such data requirements along with
general instructions on how to use the tool.

Selection of evaluation unit is followed by user input forms which allow data input for
evaluation. The first of thes forms presents questions to gather basic data, to allow
cataloguing of the evaluation file in the web server. Hence this form collects basic information
such as file name, city, corridor/route info, basic demographic data, etc. Along with this
information the route and corridor as well transit station access area evaluation unit requires
the user to input number of evaluation segments or links respectively. This information
determines the number of sets of data forms that will be presented to the useulisequent
pages, and allows disaggregated segment/link level evaluation for a route or transit station
access area cycling infrastructure. This is useful in situations where the entire route or area
does not have similar environment (context) or plannohegign details.
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Route or Corridor

Selection of Evaluation Unit Transit Access Network

City

Segment Identification

Default Values— Benchmarks and
Weights
Context Form

Midblock Form

Feature Inputs (for each segment) : ;
Intersection and Crossing Form

Others Form

Indicator Evaluation

—T

Aggregated Evaluation-1 to 100

Figure2: Flow chart showing the working methodology of CyLOS Tool

After filling in the basic information the user may choose to review and/or edit the default
values used in the evaluation. These default values have been presented as four different
categories. These are standard, which includes standard values suchkasyvepeed; scaling,

which includes the scale used for evaluation of different features such as bicycle infrastructure
width; matrix, which includes some feature scales in a matrix format; and weightages, which
includes weights applied to different indicaeis and their categories for the overall aggregation

of evaluation scores. The weightages used for different indicators and the method of
determining the same has been discussed in sectiohthis report. All values listed included in

the defaults page have been presented in the user manual which can be accessed on the CyLOS
web site.

Users may also skip accessing the default value page (which is reached through a separate link
on the forms page) and continue inserting information in the input forms which follow the basic
information form. These data input forms collect two types ofanmhation in separate set of

forms. This information concerns the context and planning/design details. Context details
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include information about the environment (corridor/area or city) in which the infrastructure

being evaluated has been developed. Thi®rmfation includes corridor ROW, no. of lanes,

speed limit, lighting levels, etc. Planning and design forms include information on the
infrastructure features such as cycle path surface type, cycle path width,Fettns are

arranged sequentially and haveeén designed with sefilling capabilities in order to reduce

effort from the user and to increase its user friendliness. Each input field in the form includes an
GAé AO02y3S BKAOK lfft26a RAALI I @ 2F AYTF2NNIGA2Y

After filling information in data forms indicator and overall segment level evaluation for that
particular segment is presented. The set of data input forms are repeated for each segment,
but allow the users to mirror information from any of the previousnfig. This is designed to
increase the user friendliness of the tool, and reduces user effort and input time, especially in
conditions when only limited changes exist between any two segments. Segment level
evaluation for each of the segments is presentéi@raspecific segment forms are filled in. After
inserting data for all segments an overall route or area level evaluation is presented which also
included the segment evaluation details along with an aggregated evaluation score. The tool
allows user to pnt all output results (segment or overall)
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5 CyLOS Toolz User Interface

CyLOS tool proposescomprehensive evaation o cycle infrastructure. The evaluatigmocess

of cycle facility, adopted by CyLOS tsodlesigned in twdbroadLJF NI & = SiydRSap FWFRNR WGl
SYRQ® ¢ K Sor théBsygriiinterfaged¥ the evaluation incorporates the entire data
requirementand inputprocess while in the back ermart; or the tool algorithmscompute and
evaluates the cycle facility based on the information paed by the user along with default
data stored in servelTheW C N@WRIQ Mlatdsyfd tleactualuser interface andherefore
includes all the control buttons and input forms on the mentioned webdisigned for the
tool. To avoid any mystificatioat the user interface levethe tool is devisedwith an applied
architecture, whichcan be helpful to the user,to understand the various stages tie
evaluationprocesswith all its permutations. The architecture is applied throughout evaluation
process performed by the toolFigue 3 presents a flowchart showing the CyLOS tool
architecture.

CyLOS Tool Architecture
CyLOS Home
Page
| Home |  Aboutus |
— Repors ] 1 | |
Non motorized
CyLOS Technical Transport CyLOS workshop
report Planning and consultation report
design Guideline
— User Manual |~ User Manual -CyLOS | Stage-1: web
P ind link:
| Geting Started [ T o i
|Data Requirementl Getting Started Now
og in and
Registeration
r tvpe ) |
Corridor / Route | | Transit Access | | City Wide |
1 |
[ Base Data | Base Data | |__Default Data |
| —{Standards T
Default Data_} Scaling | Default Data Standards Stage-2: gase
b{Scoring Scaling data, default values
and segment info
Segmer?t Weightages Link Information Weightages
Information
1
I Design Data Input I I City Data Input |
|
Segment Context| | Link Context | | City Base Data
= . I T Stage-3: pata
[ Midblock |°°"' “l Tronstt I [ Midblock ] [ City Evaluation ] Input forms and
| | 1 | I back end
computation

Intersection and Segment Link Intersection and v
City Output
Crossing Output | Output Crossing ity Qutpu
T Seg-1 | Link-1 1 Current Status
| Miscellaneous Seg-2 | Link -2 Miscellaneous | Potential Status

Stage-4 :
| Output | | oupn | ot

Figue 3: CyLOS Tool Architecture
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It can be observed from the above flowchart that the user has to encounter a setif$eoént
typesof web pages and formghroughthe evaluation processEach othese web pages and
formshas a dferent role to perform such amitial webpagesinform user how to use the tool
whereas somef the web pagegrovidelinks related to cgle facilities someweb pages appear
as input formscollating data for the purposeof analysiof the selected cycling facility whereas
the web pagegresentingthe overall result of the evaluatioare different Therefore,In order
to enhance the user friendlines#je tool architecturecategorizes these user interface forms
underfour broad stags.

U Stagel: Comprises of all the/eb pages and links

U Stage2: Comprisesf Base data, segment Information and default valf@ms
U Stage3: Comprises of th®ata input forms

U Stage4: Comprises oOutput and result§orms.

Thetool architecture also esuresthat the front-end partappeasto the user in the mentioned
hierarchalorder. More details on the forms, input fields, etc.; used in the under interface have
been presented in the user manual, which can be downloaded from the CyLOS wéligsite

4 showsthe homepage,with the user manual button to access the same

Cycling level of service evaluation tool Login  Register

REPORTS USER MANUAL GETTING STARTED CONTACTUS

CyLOS is a tool to assist planners and designers develop an effective non motorised transport (NIT) infrastructure, which attracts both choice and captive riders. The objective of this tool is to allow planners, designers and decision makers easy access to objective
evaluation of proposed and implemented projects. The availabilty of such data will direct attention and corrective action towards specific development, implementation and operation issues, resuting in a user appropriate infrastructure. Such efforts in the long term, when
replicated across the CK)‘ would ensure better utllrty of investments made in non-motorized transport, genzratmg hlgher use and better pubhc image.

CYLOS is linked to the Non Motorised Transport Planning and Design Guideline which has been prepared by TRIPP, ITT Delhi under a grant received from CimateWorks Foundation, USA.

AboutUs «

i = - Rt
ENGINEERWARE !

SGArcl

Figure4: CyLOS Tool Main page or Home Page
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6 Computation Framework for Evaluation

W/ 2YLdziF GA2¢ NINF SN&godtiids bulltkiSto the tool for estimation and
generation of evaluation outputs or score at the back (server) end of the ®atk end
evaluation combines and computdgferent data input in the fam, along with inserted default
values;with a goal to provide arvaluation unit specifiassessmenof cycle infrastructure.

6.1 Evaluation Methodology
CyLOS tool proposes to evaluate cycling infrastructure at three broad levels. These are:

1. Cycling Router Corridor
2. Transit (or specific function) access network
3. City wide cycling infrastructure availability assessment

The proposed base for evaluation in case cycling route evaluation and transit access network is
cycling route(or corridor) which is evaluated based on detailed design inputs. Therefore,
multiple cycling routes can be graded, and an overall grading of these routes is provided using
weighted means method. In case of cycling route evaluataindividual cycling route is
consdered as a segment whereas in case of transit access network evaluation a individual
cycling routécorridor is considered aalink. The evaluation of eaatycling route, (segment or

link, based on the evaluation typdjas been broken down in to indicatinfluencing cycling
requirements.These indicators derived from the multiple sub indicators developed from the
data inserted by the user in the front end web pages.

Each of indicators involved in the evaluation process contribuieghe five well known
categoriesaffecting cycling requirementg hese are:

1. Cohesiorx relates to continuity and readability of infrastructure

2. Directnessg relates to directness in space (no detours) and directness in time (reduced
travel time).

3. Safetyc Relates to safety froraccidents and security from crime.

4. Comfort¢ Relates to physical comfort experience by cyclist, example shade and smooth
ride.

5. Attractivenessg Relates to visual and physical attractiveness of the route environment.

The evaluation is proposed to be preseth as disaggregated results under each indicator in
each of the above categories. To arrive at an aggregated result or score, rdmdes are
needed to be aggregated, for which thegre assigned withdefined weightagesCurrent
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evaluation method uses aamed weightages assigned as default in the tool. However the
default values form in the tool allows users to change these weightages. It is proposed that the
default value of each of these weightages be arrived at using inputs from experts and
stakeholdes in bicycle infrastructure planning. The same is proposed to be undertaken using a
guestionnaire based survey (to be analysed using AHP method).

While city wide cycling network assessment is undertaken by directly inducing indicators
impacting the cyclingtatus and prospective of a city and inserting their assessment along with
inputs, an overall representation of the city is done.

6.2 Evaluation Framework: Cycling Route and Transit Station Access Area
Assessment of cyclinroute is based oa segmentbased evaluatiomethod. Each route can be
brokenin to distinct segmentsb@sed on features as well planning and design conditions), and
input separately. The tool shall undertake individaalsessment of each segmeamnd then
aggregate the same in to aoverall evaluation by giving weightages based on length and
road/street category under each segment. For example infrastructure could be an independent
track, on a highway, on an arterial road, on a sub arterial road, on a collector street or on an
accesgoad. Each road type presents a different context and hence weightages of indicators
between these cannot be theame. Thessessment is undertaken septe for each side of the
road, i.e.left hand side (IH.S) and right hand siddR(H.$ separate for nad blocks (between
intersections) and intersections. These separate evaluations are then aggregated in to an
overall segment evaluation (or an evaluation scoféjis evaluation when aggregated with their
individual indicator provides and overall assessmefh each segment. Further different
segment assessment then combines to provide a route assessment.

6.2.1 Indicators: Cycling Corridor/Route

To simplify the processhe data points mentioned in the wellorms, have been assessed under

80 multiple derived indiators. Derived indicators are indicators which are not independently
used in the evaluation but assist in the evaluation of identified indicators. Each derived
indicator may be used in the evaluation of more than one indicator. For example frequency of
croadaAy3a A& 2yS 2F GKS RSNAGSR AYRAOFG2NAR F2NJ
AYRAOF 2N F2NJ Wal FrBesesderivied iRdicitors@ofbing Aide Hendrafed 3 ® Q
evaluation underdifferent primaryindicators. A ttal of 26 primaryindicators are evaluated.

These indicators combine to evaluate the infrastructure under each ofntleationed five
categoriesFigure5 presents the relationship betweernése derived indicators, indicators and

their categories.
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Figure5: Flow chart showing relationship between Categories, derived indicators and Indicators
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The26 primaryindicators used for the evaluatiasf cycling route/corridor ares follows:

1.

Infrastructure Relevance and Continuity IndekhisIndicatorcontributes to coherence
category andefers,how relevant is planned/constructed infrastructure to its context.
Thisindicator includesother sub indicators developedfrom the input inserted by the
user in front end web formslhese sub indicators are as follows:

i

Relevance ofcycle infrastructure according to road typologiesndicates the
relevance of the provided cycle infrastructure based on the typp®ad (Arterial,
Subarterial, Highway, collector, access and standalone track)

Usability of cycle tracks/ landndicates the relevance of the provided cycle
infrastructure based on level of usability i.e. percentage of cyclist using the
facility alorg the segment.

Intersections Relevance: Indicates the relevance of the provided cycle
infrastructure based on the type of intersectiofSignalizedun-signalized, one
lane roundabout, two lane round aboutotary and grade separated junctipn
Primary cydist crossing type at segregated left turasd on the intersection
boundary: Indicates the relevance of the provided cycle infrastructure based on
the cyclist crossing type providesh segregated left turns and on tHeoundaries

of the intersection

Cycle infrastructure continuity at minor ynctions and property entrances:
Indicates the relevance of the provided cycle infrastructure based on continuity
of cycle path at the minor junctions and the property entrances

Cyclis approach to the intersectionsndicates the relevance of the provided

cycle infrastructure based dhe type of infrastructure provided while

approaching an intersection.

Cycle track height indeindicates the relevance of the provided cycle
infrastructure based othe height of the gcle facility on the segment.

2. Crossindrequency index:ThisIndicatorcontributes to coherence category anefers
to how frequent are available opportunities for cyclists to cross the r@adssing

frequency index is based on the total frequency of thessings existing on the cycle
path.

Cycle Specific Markin@:hisindicatorcontributes to coherence category anefers to
availability of adequate pavement marking to guide, warn and regulate cydllsts.
primary indicator iglirectly derived from tte input inserted by the user in front end
web forms under the data points enquiring presencewtle marking at midblock and
intersections.
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4. Cycle specific Signage@hisindicator contributes tocoherencecategory andrefers to
availability of adequate sigboards to guide, warn and regulate cyclisibis primary
indicator is directly derived from the input inserted by the user in front end web forms
under the data points enquiring presence of cycle signage at midblock and
intersections.

5. Cycle Box at Intesection: This indicator contributes totwo categories Safety and
Coherence.lt indicates theavailability of cycle box marking at intersection to hold
crossing cyclists his indicator is directly derived from the input inserted by the user in
front end web forms under the data points enquiring presence of cycle box at
intersections.

6. Safety index ofcrossingsThisindicatorcontributes tosafetycategory andefers to the
level of safety in terms of crash risk and severity, at cyclist crossing facilities.
Indicator aids to evaluateshow safe are the crossings for the cyclihis primary
indicator includesother sub indicators involved in evaluation mcess These sub
indicators are as follows:

U Traffic calmingindicates the provision of traffic calming used at intersections and
other than intersections (midblock).

U Intensity of crossigs:Indicates crossing intensity of the cychstsed on the
weighted average land use along the segment anaksing attraction per hour
per direction.

U Qossing exposure indeBased on cyclist exposure to MV lane and vehicular
speed safety indexndicates exposure of the cyclist while crossing at the
intersection

U Qossing attraction per hour per directiomdicates crossing attraction of the
cyclist based on total number of cyclist.

U Exposure to motor vehicle lane indeRepending on the number of lanes
provided ina segmenhelps in determining thexposure of cyclist an
intersectionwhile crossing.

U Vehicle speed safety indeXhis index is developed based thevehicular speed
and road type provided ithe segment or the corridor indicating safety of the
cyclists.

U Total number of safe crosgia:Based orthe number of major safe crossing
provided onthe segment indicates safe crossings for the cyclists.

These subindicatorsare developedfrom the input inserted by the user in front end web forms
like presence of traffic calmingehicular sped and number of lanes on the carriagay etc.

7. LightingQuality Index Thisindicatorcontributes tosafetycategory andefers to the
quality of lighting in terms of level and uniformiy midblock and intersectiond his
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indicatorincludesthe subindicators- lighting quality index at midblock and
intersections. These suindicators are derived from the input inserted by the user in
front end web formdor lighting levels and uniformity at midblock and intersections.

8. Midblock accidentSafety:ThisIndicatorcontributes tosafetycategory andefers to the
assessment of accident risk for cyclist along the carriageiay.indicatois comprised
of many othersubindicators.Theseare:

U Midblock risk indexThe index, Indicates the amount of riskohxed for the
cyclist at midblock based on the totalimber of fatalitieper segment length.

U Fatalities per segment length: Indicates the number of current fatalities on the
midblock.

U Estimated midblock risk his indicator estimates risk for the cychstmidblock
baseal on the vehicular speed at the midblock sectamd the primary
segregation type of the cycfacility fromthe carriage way.

U Side edge drop indexX his index is developed on the basis of depth of the side
edge such that more the depthjdh is the risk for the cyclist.

U Cycle infrastructure continuityndicateslevel of risk othe cyclistinvolvedbased
on continuity of cycle path at the minor junctions and the property entranéess
more the cycle facility is discontinuous at minor junctions and the property
entrancesmore it increases the chances fibre cyclist to ply on the carriage way
rather than the provided cyclmfrastructure causingccidents.

These subindicators are drived from the input inserted by the user in front end web forms
against the data pointenquired sideedgedrop, currentfatalities,cycle infrastructure
continuity at minor junctions and property entrancasd vehicular speed.

9. Eyes orstreet: ThisIndicator contributes totwo categories Safety and Attractiveness.

It indicatesassessment of level of activitiafongthe segmentensuringsecurity (safety)
as well agefers to attraction of cycling infrastructure in terms of life/ activity along
cyclingpath. Eyes orstreetare based on the percentage of tteeegment covered by
hawkers and the corresponding land use present on the either side of the
infrastructure.

10. Enforcement: This indicator contributes totwo categories Safety and Directness. It
indicaesthe assessment of level of enforcement to ensure safety on carriaganay
minimal loss of directness to cyclisthis primary indicator is directly derived from the
input inserted by the user in front end web forms under the data points enquievng
of enforcement fothe segment.

11.Friction from Car Parkingfhisindicatorcontributes totwo different categories Safety
and DirectnessThe indicatorefers to the assessment akk posed by street parking
andloss of directness from friction Istreet parking to commuting cyclisthis
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indicatorinvolves only onenajor subindicator i.e. parkindength index which is based
on the percentage of parking availability depending upon the parking length inserted by
the user asked in the front end fars for the private vehicles and intermediate public
transport (IPJ separately

12.Obstructionsindex Thisindicatorrefers to the assessment of loss of directness caused
by presence of obstruction in cycling patbbstruction index is based on the frequency
of the obstruction existing on the cycle pathcontributes to directnessategory.

13.Width Sufficiency indexThisindicatorrefers to the assessment of sufficiency of cycling
path width with respect teexiging infrastructure typology. Itontributes to directness
category.This primary indicator includésmajor sub indicatorsTheseare:

U NMV width indexThis index is created depending upmmimumwidth
providedand indicates the required width to be provided in case of segregated
cycletrack

0 NMV volume index: This index is created depending upon PBU per effiactese
and indicates required volumia case of segregated cycle traélassenger
bicycle unit or PBU is termed b aunit equivalent ofa singlecyclein
comparisonto other ¢g/cling modes discussed in theer inputforms.

U Width requirement for painted cycle trackepending pon the minimum width
providedThe indicator shows the widtlequirement,for a painted track or lane

0 Width requirement for common cycle track foot paflleasurement based)his
indicatesrequirement of width, needed for a common cycle track footpba#ised
on minimum width provided.

U Width requirement for common cycle path (Volume basédthjs indicates
requirement of width needed for a common cycle trdoktpath based on the
combined volume of non motorized vehicles (NMV) and pedestrians.

U Cycle track width reduction at intersection approagthile approaching any
intersection, thigndicatorshows the reduceavidth requirementsuch that if the
width of the cycle facility reduces by more than or equal to 0.3 meters will
reduce the directness of the cycle infrastructure.

These subindicators are developed from the input inserted by the user in front end web forms
like total shyaway width, total passengdiicycle unit (PBUjptal number of pedestrians and
total number ofcyclist.

14.Hawker friction index The indicatorcontributesto directnessandrefers to the
assessment of loss of directness due to frictimom hawkers on cycling pathlawker
friction index is based on the frequency of the hawkers existing along the cycle path.
15.Frequency of puncturegndex Thisindicatorcontributesto directness and refer®o
how often is cycling lane/path crossed by vehicular path to access servicdlése
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indicatorisderived,based orexistingnumber of cycle lane puncturedong the
corridor. The index signifies if the frequency of punctures is high then directness gets
reduced for the provided cycle faciliffhe numbers of cycle lane punctures varies
according percentagef service lane inserteldy theuser in the front end welforms.
Hence the quality of the service lane also affects the directness as if the service lane
provided is of poor quality will tend theyclist to detour from the cycling pateducing
directnessThe quality of service lane is determined by the service lane quality index.

16. PedestriansFriction Index:Thisindicator contributes to directness and refets the
assessment of loss of directness due to friction from pedestrians de pgth. This
indicator is derived, based on pedestriaengity index. The index signifies if the density
of the pedestrian is high i.e. space allocated to the pedestrians (sgm/person) isilow,
tend the pedestrians to move into the cycle path incregsiniction between the
cyclists and pedestriamesulting in reduction of directnessfor the provided cycle
facility. The pedestrianfriction varies according to ornhe percentage of footpath
provided along the cycle facilityHence the quality of the footpath also affects the
directness as if the footpath provided is of poor quality will increase the cyclist
pedestrian friction on cycling path reducing directness. The quality of footpath is
determined by the footpath qualityndex.

17.Cyclist Delay at IntersectiorThisindicatorcontributes to directness and refets the
assessment of loss of directness due to delay to cyclists at intersecTioissndicator
includes2 other aspects or suindicators for evaluationTheseare:

U Cycle infrastructure continuityndex: This index is created depending upon
continuity of cycle path at the minor junctions and the property entrantes.
indicates the loss of directness the cyclist, in case cycle path is discontinuous
at the minor junctions and property entrances.

U Cyclist apmaches/ access to intersection indétis index is created depending
on the type of infrastructure provided while approaching an intersectibn.
indicates the loss of directness of the cyclist, in case cytleipaiscontinuous
while approaching an intersection.

18.Maintenance: This indicator contributes to two categories Directness and
attractiveness. It indicateassessment of loss of directness due to friction cause by
poor maintenancetleaning cycle infrastructure andattractiveness of cycling
infrastructure in terms of how well it is maintaine@his indicator is directly derived
from the input inserted by the user in front end web forms under the data points
enquiring the maintenanckevel of the cycle infrastructure.

19.Turning Radiusindex: The indicator contributes to two categories¢ Comfort and
DirectnessThis indicator refers to thessessment of loss of directnessd comfortdue
to tight turning radiuses on cycling pathhis imicator is directly derived from the input
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inserted by the user in front end web forms under the data points enquiring the turning
radius present on the cycle infrastructure.
20.Riding comfort Index Thisindicator contributes to comfort category andfersto the
assessment of riding comfort with reference to surface typeis indicator is directly
derived from the input inserted by the user in front end web forms under the data
points enquiring the existing surface type on the cycle infrastructure.
21.Shaded Length: This indicator contributes to comfort category antcefers to the
assessment of protection from weather in terms of shade/shelter over cycling path.
This indicator is directly derived from the input inserted by the user in front end web
forms underthe data points enquiring the percentage of shaded length on the cycle
infrastructure.
22.Cross slope indexThisindicator contributes to comfort category anekfers to the
assessment of water runoff capability and comfortable riding cross sldps.indicator
is directly derived from the input inserted by the user in front end web forms under the
data points enquiring theross slope givean the cycle infrastructure.
23.Longitudinal slope indexThisindicator contributes to comfort category anméfers to
the assessment of comfortable riding longitudinal slodéis indicator is directly
derived from the input inserted by the user in front end web forms under the data
points enquiring the cross slope given on the cycle infrastructure.
24.Ramp Slopendex: This indicator contributes to comfort category anefers to the
assessment of comfort of ramps provide to access egress from cyclelpahndicator
is directly derived from the input inserted by the user in front end web forms under the
data ponts enquiring the cross slope given on the cycle infrastructure.
25.Parking AvailabilityThe indicator contributes to two categoriesComfort and
Attractiveness .The indicatoefers to the assessment of cycliogmfort and
attractivenessn terms of avadbility of safe and secure cygdarking. Thisndicator is
based on 4 other aspects or sub indicators for evaluation. These are:
U Parking cost Indextheindexreveak level ofattractivenessbased on cost of
cycle parking per day along the segment.
U Usability of cycle parkingThis indicates percentage of cyclistsing theparking
facility provided
U Percentage of transit Stationkidicates percentage of transit stations provided
with parking facility on the segment.
U Percentage of parking land udadicates percentage of Land use served with
parking facility on the segment.

These subindicators are developed from the input inserted by the user in front end web forms
like total parking cost, percentage of parking covered by transit stations anditnd
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26.LandscapingThisindicator contributes to attractiveness category amders to
attractiveness of cycling infrastructure in termsabbngsiddandscaping/ plantation.
This indicator is directly derived from the input inserted by the user in frodtveeb
forms under the data points enquiring the landscaping level on the cycle infrastructure.

6.2.2 Evaluation Algorithms : Cycling Corridor/Route

Eachof the inputin these forms has been assigned a distinct number/code for evaluation and

the same is used in & forms. Detailed description of each input along with required
information for users has already been compiled in the user manual for theBaskd on this

numbering or codingevaluationor assessment for each of the derived indicatossagell as the

iy RAOFG2N&E | NB RSTAYSR Fa | F2NNdzZ X fAYy1Ay3 A
default value forms).

Formulaexample:C2 N dzf I F2NJ We¢ 20l f ydzYoSNI 2F ONR&aAy3I
A= (3_3f+C+K+ ((4D_24a+4D_24b)*2_4

In the above formulatotal number of crossings whichasderived indicator(and not the main

indicato)A & NBLINBaAaSYGSR Ia W' Q | SNBE ! {Oh WHSFISNNEE @/
to Number of UnsignalizefUnsafe Crossing Y R WY Q NBFSNABR { thgsyhiz 6 SNJ 2 -
FNE fa2 RSNAGSR Ay RA oHildl @dekityped {8z3F: NDRbgrioNBatedzi S )
crossings (Segment information form), 4D_24a and 4D_24b: number of grade separated cycle
crossing fob and subways (Design input data form for interseciodscrossings) and 2_4: 50%

of cyclist crossing considered in case of grade separated crossing as default value( Default
form)} all refers to inputs from the user form.

Likewise formulas (relationships)are developed foreach indicator and derived indicat®
shown inFigure5, whichareinvolved in the evaluation process considerbragh sides i.e. L.H.S
and R.H.Susing the assignedcodes.Each componentused in formuhs worked out for the
derivedindicatorsare compiled and presented togethém Annexure9.1

Assessment dfansit access influence area is based on liaked evaluation. Each route can be
brokenin to distinct linkgybased on features as well planning and design conditions),rand i
separately. The tool shall undertake individaasessment of each lirdad then aggregate the
same in to an overall evaluation by giving weightages based on length atMstreat category

under eacHink. Theassessment is undertaken separate foclkeaide of the road (left hand side
(LH.S) and right hand side (R.H.S), separate for mid blocks (between intersections) and
intersections. These separate evaluations are then aggregated an overall linkevaluation

(or an evaluation scorelhis evaluaon when aggregated with their individual indicator
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provides and overall assessment of each link. Different link assessment then combines to
provide a route assessment.

6.2.3 Indicators: Transit access Influence area

As the data points and the input web formese similar to that of thecycle corridor/ route
evaluation type hence the indicators and the evaluation process is worked out on the similar
grounds. Therefore, alike derived indicators are being deployed for transit access influence area
evaluation type. Therefore web forms have been assest based on80 multiple derived
indicators. Thesendicators furthercombine and generate evaluation under different primary
indicators. Total 26 primary indicators adentified for evaluation These indicators combine to
evaluate the infrastructure under each of the mentioned five categoBes.as thidransit area
evaluation type isbasedon links,in some of the derived indicators, new sub indicators are
induced based on the links.

For exanple: Crossing frequency index contributing to coherence category in corridor/ route
evaluation type is replaced by Accessibility infeoded as P4in transit access influence area
evaluation. Although this derived indicator also contributes to coherarategory butincludes

a new sub indicatortink density index¢ K Snk d&hsity indef(coded as Y3) indicateserage
distance between two distinct link3his sukindicator is developed from the input inserted by
the user in front end web formsinder the data points enquiring the total number of links
(primary + secondary) existing in the transit gread thecatchment of the transit station.
Figure 6 presentsthe relationship between these derived indicators, indicators and their
categories.
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Figure6: Flow chart showing relationship between Categories, derived indicators and Indicattnan@it access influence area
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It can be observed from the above indicator relationship flowchart; only one derived indicator
i.e. Accessibility index (coded as P#hich has been explained in detail in above example
differs from theindicators used for waluating cycling route /corridor. Restl @ahe other 25
primary indicators are identical andre already explained in detaih the previous section

(6.2.)

6.2.4 Evaluation Algorithms : Transit access Influence area

Since the indicators used tnansit access influence aresmre same as the indicators used in
cycle corridofroute evaluation type. ferefore the formulasdeveloped are also identical
exceptfor the formulasdeveloped for Accessibility index (coded as R)ere the new sub
indicatos W[ Ayl RSy aAideée andReprEsentatiod af RifkRlensifgioded asiY4)
areinduced.

These indicators formulas are developed, linking inputs fréndt YFNRBY UG SYRQ T2 NX
user and default value formshs mentioned earlierReferError! Reference source not found.

in the front end user forms each input in these farimas been assigned a distinct number/code

for evaluation and the same is used in the forms. Detailed description of each input along with
required information for users has already been compiled in the user manual for the tool.

Based on this numbering @oding, assessment for the derived indicators as well as the sub
indicatorsis worked out.

For exampleC 2 NJY dzfRépresdhtgtibldofink densit@ A a NBLINBaSyidSR |ay
Y4 = (2_151*4)/ (1.-1)

In the above formulaRepresentation of Link densitwhich is an indicator is represented as

W nQ I SNBE WY, nQ NBFSNE (2 0KS AYRAOIFIG2NI O2RS®
radius (Default form), 1_7: number of links to be evaluated (Base data form for transit access
influence area)} all fers to inputs from the user form.

Likewiseformulas (relationships) are developed for each indicator and derived indicators
shown inFigure6, which areinvolved inthe evaluation process considering both sides i.e. L.H.S
and R.H.S using the assigned codes. Each component used in formulas, worked out for the
derived indicators are compiled and presented togetheAmmexureError! Reference source

not found. Rest all the formulas developed for each primary indicator are identical to the
formulas developed for corridor/ route evaluation.

6.3 Evaluation Framework: City wide cycling network
W/ AGe BARS OeO0ftAy3a ySisg2N] Q S JIctudzbfiagiufder LINE LJ2
two different categories
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1. Cycling FriendlZity Current Statu¥ This refers to the present state of the city in
terms of its structure and compatibility of its cycling infrastructure.

2. Cycling FriendICity Potential Statug: Thisrefers to the potential state of the city for it
to achieve a higher cycling friendly status.

Taking both this categories into consideration, certain indicators are identified contributing to
each category. These indicataase basedon the input data povided by the user in the front
end input forms.These indicators further combine armggnerate primaryindicators. Thetool
undertakes the assessment of egatimary indicator separatelgnd then aggregatethe same

in to an overall evaluation score forovide a city level assessmesg¢paratelyfor the both
mentionedcategories

6.3.1 Indicators: City wide cycling network

The data points mentioned in the web forms, have been assessed under 11 multiple derived
indicators. These indicators then combine and geterevaluation under different primary
indicators. A total oflO primary indicators are identified for evaluation of city wide cycling
network. Theseprimary indicaors are distributed in two part¢o evaluate thecity level of
serviceunder each of the metioned O NR& (i Fiydkel7 @rasents the relationship between
these derived indicators, indicators and their categories.
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Cycle Friendly City
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Cycle Friendly City
(potentiality)
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|C1 |User Perception Index 2 - Safety from Crimel
v |Parking Availability |
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i mbient Air Quality
IL |Environment |
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M | Trip Length |
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HO |Investment | @t Clty Budget
! Q2 Land Allocated for NMT Facility
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B2 Ratio for Income Group 2
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Figure7: Flow chart showing relationship between Categories, derived indicators and Indicators ( City wide cycling Network)
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ThelOprimary indicators used for the evaluatiah City wide cycling networéire as follows:

Ratio of current choicecyclist: This indicator addresses which income grougysling
(whether choice commuters are cycling) and how much is the average distance they are
travelling bycycle.This indicatorincludesother sub indicatordevelopedfrom the input
inserted by theuser in front end web formslhese sub indicators are as follows:

U Cycling trip lengthtndicates the trip length covered by the cyclist in the city.
U Cumulative income indekndicates the income level of cyclist in the city.

Safety: This indicator addregs how safe the city is in terms of accidemtserms of
provision of lightingvehicle speed, etd his indicatornincludesother sub indicators
developedrom the input inserted by the user in front end web foiithese sub indicators
are as follows:

Lighting indexIndicates the level of lighting in the city

Risk exposure indeindicates the level of risk posed by the cyclist inchg

Speed limit restrictiondndicates the speed limit of the motor vehicles in the city.
User perception indet- Safety from accidentsindicates the level of safety for the
cyclists from accidents in the city.

cC:

Security: This indicator addresses how secure the city from street crithes indicator
includesother sub indicatordevelopedrom the input inserted by theser in front end web
forms.These sub indicators are as follows:

U Lighting indexindicates the level of lighting in the city in terms of security
U User perceptionindex2- Safety fromcrime: Indicates the level of safety for the
cyclists from crime in theity.

Parking Availability This indicator addresses the availabilitypafkingacrossthe city.

Road Network Compliance IndeX his indicator addresses if the current road network
across all road types is cycling compatible.

Environment:This indicatomaddresseshow the current environment i.e. ambient air
guality and noise pollution of the city affecting the cycling environm&hts indicator
includesother sub indicatordevelopedrom the input inserted by the user in front end web
forms.These sulindicators are as follows:

U Ambient air qualityindicates the air quality level of the city.
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U Noise pollutionindicates the noise pollution level of the city.
Trip Length This indicator addresses the average distance a cyclist travels across the city.

Ownership per 100000 populatianThis indicator addresses the bicycle ownership in the
city per 100000 population.

Investment: This indicator addresses the investment undertaken in the city for the NMT
facilities. This indicatorincludesother sub indicatordevelopedrom the input inserted by
the user in front end web formBhese sub indicators are as follows:

U City Budgetindicates the budget or revenue allotted to the city.
U Land allocated for NMT facilityAddresses land availabilitgesignated for NMT
facilities in the city.

Proximity to Transit StopsThis indicator addresses the number of households which lie
within proximity of transit stops.

6.3.2 Indicators Formulation: City wide cycling network

Assessment for each of the primary inatiars as well as the sdbdicatorsinvolved in the
evaluationprocessare defined agormulas, with variables which aré y LJdzi & FNRBY (G KS
or user interface forms as well default value formEhese formulas (relationships) are
developed for eaclof the indicatorand subindicatorsas shown irFigure7 using the assigned
codes The coding process hbaeen explained in the previowsections §.2.2and6.2.4)
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7 CyLOS Evaluation weightages

Weightages indicate relative importance of indicators and indicator categories. They are used
to consolidate scores under individual indicators into a single overall score for evaluation,
comparison and decision makingeightages are given and used asqastage values.

7.1 Need of weightages

Weightages need to be allocated to each indicator in a categodyto the category as a whole,

so as individual indicator scores in each category can be aggregated in order of their relative
importance to provide categgrscores and category scores can be aggregated in order of their
relative importance to provide overall infrastructure evaluation score.

Indicator weightages:Some indicators are represented in more than one category; here
different weightages for the samendicator in different categories may be required.
Additionally weightages need to be defined specific to each cont&dr example,
infrastructure could be an independent track, on a highway, on an arterial road, on a sub
arterial road, on a collector stet or on an access road. Each road type presents a different
context and hence weightages of indicators between these cannot be the galiniadicators
within a category are given percentage weights of the sum total of which is 100 percent. Higher
percentage is assigned to indicators with higher relative importance. In that sense percentage
weights are representation of an indicators importance in each category.

Categoryweightages Similarly percentage weight of each category is representation of the
relative importance of that category in the overall cycling infrastructure assessment for a
particular road typeFor example,safety may have a higher weightages for an arterial road,
and relatively lower on a collector or an access road.

Therefore,weightages have been assigned separately for indicators and indicator categories
Please note that category weights are not assigned in City cycling network unit of evaluation.
Weightage of indicators for this unit of evaluation have been determined througérnat
discussion and literature analysis.

7.2 Indicator Weightages Assessment

Indicator weights to be used in the CylOS ft@dot route/corridor and transit station area access
units of evaluationvere determined for each of the four road types, i.e. Arté8ab arterial,
Collector/Distributory, Access and Standalone cycle track (not motor vehicle carriageway only
cycling path). These weights were determined based on a two part survey. A total of about 33
indicators were categorised in five principle categeri These categories are: coherence,
directness, safety, comfort and attractiveness. In the first part category weights for each of the
five categories was determined for each of the four road types through an Analytical Heirarchy
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Process (AHP) based queshaire presented to known NMT and urban planning experts. In
the second part individual indicator weights were determined by conducting an AHP based
survey of potential cyclists, and weights determined for each road type using AHP method. The
final indiator and category weights presented in this section were fed in to the CyLOS tool as
default weightages.

7.3 Category Weight Assessment

AHP based questionnaire was used to collect feedback on individual category weights for
cycling infrastructure for each of the four road categories, from 25 experts during a workshop
organised to discuss the NMT Design Guideline and CyLOS ©etember12" and13" 2013

at TRIPP, IIT Delffigure8)

Figure8: Expert Review Workshop

The experts which provided their feedback represented academics, NMT planning and design,
urbanplanning, research and gimeering. A list of these experts is presentedimexure9.3
Relative preferenceatings between each design principle category for each of the foads

were collected on a scale of 1 to 9 and their geometric mean determined (mean of responses
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from all experts). The geometric mean of the responses was fed in then&ktR to determine
the individual category score as well over all consisteatigns

The individual categonyeights for each road habeen presented in following charts

Arterial Road

m Coherence

m Directness

m Safety

m Comfort

m Attracttiveness

Figure9: Individual category weightg, Arterial Roads

Among Five categories mentied in theFigure9, safetypredominantlyresulted out to bethe
mostweightedfollowed by comfort and coherence respectively for Arterial roads.

Distributary Road

m Coherence

m Directness

m Safety

m Comfort

m Attracttivenes
s

FigurelO: Individual category weightg Distributary Roads
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In case of Distributary/ Collector roads, safety resulted out to be the most weighted followed by
coherence and directness respectively among fivegaries mentioned in th&igurel0

Access Roac

m Coherence

m Directness

m Safety

m Comfort

m Attracttiveness

Figurell: Individual category weightg Access Roads

In case of Access roads, again safety resulted out to be the most weighted followed by
directness and comfort respectively among foaegories mentioned in thé&igurell

Stand Alone

m Coherence

m Directness

m Safety

m Comfort

m Attracttiveness

Figurel2: Individual category weightg Stand Alone

In case of Standalone also safety resulted ouvteédhe most weighted followed by comfort and
directness among five tegories mentioned in th&igurel2.
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The overaltonsistency ratiorms well as individual categoweight for each road has been
summarized presenteth Table3. Consistency ration value less than 0.1 is considered good.

Table3: Individual Category weights and Consistency Ratio

Categories Arterial | Collector| Access | Standalone
Coherence 17% 22% 14% 14%
Directness 16% 20% 28% 12%
Safety 44% 36% 32% 41%
Comfort 18% 15% 18% 20%
Attractiveness 5% 7% 8% 13%
Total 100% 100% 100% 100%
Consistency Ratio| -0.136 -0.168 -0.157 -0.188

These individual category scores were used for each road and multiplied to score of each
indicator (for each category) to determine ovenakightagesf each of the 33 indicators.

7.4 Individual Indicator Weight Assessment

Weightages for indicator categories based on five design and planning principles i.e. coherence,
safety, comfort, directness and attractiveness were derived for each road types using inputs
from 25 experts collected on AHP based survey formes@have been discussed in the
previous sectior{Literature Study. To estimate weightages of individual indicators within each
category, for each of the four road/street categories, AHP based survey forms were designed.
These forms were printed in both Hinand English languag@nnexure.5 and 9.6) and
distributed to about70 schoolsall over India. School students (between class 8 and 10) were
considered as potential commuting cyclists and are thus the ideal candidate for this survey. So
far only one school i.eCrescent International Schoolife has provided the filled up forms. A

total of 200forms withinputs from 150 boys and 50 girls from class nine (three sectadrth)s

school have been collected.

As a part of this survey school students were required to fill in basic informationasuttieir

name, class/section, school name, gender, current mode used to travel to school and the kind
of road (road category) which defines majority of the route to school. Relative preference score
on a scale of 1 to 9 was collected by comparing twocetdirs at a time. These scores were
used to derive indicator weights using AHP method. The weights were derived for the road
category selected by the student as the primary road type used for school access. Hence all
forms were categorised as per road tygefined and geometric mean of preference scores of

all students under each category was input in AHP matrix to derive the average weightages of
indicator for each road type. As expected none of the students selected a standalone cycling

SGArchitects Page43



CyLOS Final Report

route and hence wightages have only been derived for arterial, collector and access road type
using this method.

The derived weightages were analysed separately for both genders for each road category. In
addition an aggregate weightages score, combining the scores frémngemders was derived

and used to define individual indicator weightages under each road category in the CyLOS tool.
Weightages for standalone cycling paths were derived after internal discussion by the CyLOS
development team.

7.4.1 Indicator Weight from Survey Response of School Children

Survey response from school children was categorised derived as per road category used by
each student to come to school. The responses were analysed using AHP method described
above and individual indicator weights within eadtegory derived. These have bee

presented and discussed below

7.4.1.1 Survey Response: Arterial roads
1. Response of the students concerning coherence indicators on Arterial Roads:

Male Response (Coherence Female Response (Coherenc

m Relevance m Relevance

m Crossing Frequenc m Crossing Frequenc

Marking Marking
m Signage m Signage
m Cycle Box m Cycle Box

Figurel3: Gender wise Survey Response fooherenceat Arterial Roads

Among Five Individual indicators of Coherenategory mentioned in th&igurel3, signage

and marking were the most weighted among the males and females whereas cumulatively cycle
box, signages and marking resulted out to be the most weighted indicatbesGender wise
consistency ratios (less than 0.1 is considered ideal) from the AHP analyses for arterial roads
under coherence category are presented below:

Gender Consistency Ratio
Male 0.019
Female 0.430
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2. Response of the students concerning safety indicatofsrtamial Roads:

Male Response ( Safety Female Response (Safety

m Crossing Safety m Crossing Safety

m Lighting m Lighting

m Safety Along the roac m Safety Along the roac
m Activity m Activity

m Vehicle Encroachmen m Vehicle Encroachmen
m Cycle Box m Cycle Box

= Parking m Parking

Figureld: Gender wise Survey Response fRafety atArterial Roads

Among seven Individual indicators of safettegory mentioned in th&igurel4, crossing

safety came out to be the most weighted among the males and cycle box resulted as most
weighted according to the female response whereas cumulatively cycle box and crossing
safety resulted out to be the most weightéadicators. Th&enderwise consistency ratios the
AHP analyses for arterial roads under safety category are presented below:

Gender Consistency Ratio
Male 0.028
Female 0.269

3. Response of the students concerning directness indicators on Arterial Roads:

5% 2op T Parking prevention 3% ®m Parking prevention
m Vehicle Encroachment Preve gy, ™ Vehicle Encroachment Pri

m Obstructions m Obstructions

B Cycle Path Width m Cycle Path Width
m Encorachment by Hawker 15% m Encorachment by Hawker

m Friction from Crossing Vel m Friction from Crossing Vel

m Friction from Pedestrians 6% m Friction from Pedestrians

m Reduced delay at Sign: | m Reduced delay at Signi
Maintenance Maintenance
m Comfortable Turning Radiu = Comfortable Turning Radi
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Figurel5: Gender wise Survey Response for Directness at Arterial Roads

Among ten Individual indicators of directnesstegory mentioned in th&igurel5,

maintenance came out to be the most weighted among the males and comfortable turning
radius resulted as most weighted according to the female response and cumulatively both
maintenance andamfortable turning radius resulted out to be the most weighted indicators.

The Gender wise consistency ratios the AHP analyses for arterial roads under directness
category are presented below:

Gender Consistency Ratio
Male 0.042
Female 0.378

4. Responsef the students concerning Comfort indicators on Arterial Roads:

Male Response (Comfort Female Response (Comfori

%

B Turning Radius

m Surface Quality

m Shade

m Drainage

m Gradient of Path

= Ramp Slopes
Safe Parking

B Turning Radius

m Surface Quality

m Shade

m Drainage

H Gradient of Path

m Ramp Slopes
Safe Parking

Figurel6: Gender wise Survey Response for Comfort at Arterial Roads

Among seven Individual indicators of comfort category mentiongtierFigurel6, students
responded safe parking as the most weighted Indicator.

The Gender wise consistency ratios the AHP analyses for arterial roads under comfort category
are presented below:

Gender Cmsistency Ratio
Male 0.028
Female 0.396
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5. Response of the students concerning Attractiveness indicators on Arterial Roads:

Male Response (Attractiveness Female Response (Attractivenes:

m Parking Availability m Parking Availability

m Attractive Environment m Attractive Environment

= Maintenance = Maintenance

m Activities m Activities

Figurel7: Gender wise Survey Response for Attractiveness at Arterial Roads

In response to theurvey conducted, for attractiveness category students considered
maintenance as the most weighted among the four individual indicators merdianéhe
aboveFigurel7.The Gender wise consistency ratios the AHP analyses for arterial roads under
attractiveness category are presented below:

Gender Consistency Ratio
Male -0.179
Female 0.303

7.4.1.2 Survey Response: Access roads
The same set of questions where presentedhe students for access roadmd the responses
obtained are being presented in the following figures

1. Response of the students concerning coherence indicators on Access Roads:
Male Response (Coherence Female Response(Coherenc

m Relevance m Relevance

m Crossing Frequenc m Crossing Frequenc

= Marking = Marking
B Signage m Signage
m Cycle Box m Cycle Box

Figurel8: Gender wise Survey Response fooherence at Access Roads
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Among five Individual indicators of coherenmaegory mentioned in th&igurel8, among the
YI{Sazs O0eOtS 02E NBadAZ 6SR (2 0SS GKS Yz2ad ¢SA3
respectively while according to the female response predominantly marking resultdad be

0KS Y2aid 6SAIKGSR Ay RRhOGandeNIisE @iisiktengySdios hé AHR A Ty |
analyses for Access roads under coherence category are presented below:

Gender Consistency Ratio
Male 0.418
Female 0.430

2. Response of the studertencerning safety indicators on Access Roads:

Male Response (Safety Female Response (Safety

m Crossing Safety m Crossing Safety

15%

m Lighting m Lighting
m Safety Along the roac m Safety Along the roac
| Activity m Activity
E Vehicle Encroachmen m Vehicle Encroachmen
m Cycle Box m Cycle Box

Parking Parking

Figurel9: Gender wise Survey Response for safety at Access Roads

Among seven Individual indicators of Safe#gegory mentioned in th&igurel9, among the

males vehicle encroachment came out to be the most weighted followed by parking and safety
along the road. Whereas according to the female response, cycle box resulted out te be th
most weightedndicators. The&ender wise consistency ratios the AHP analyses for Access
roads under safety cagory are presented belaw

Gender Consistency Ratio
Male 0.268
Female 0.269

3. Response of the students concerning Directness indicatdksaass Roads:
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Male Response (Directness e Female Response (Directnes:
0

m Payking prevention m Parking prevention

m \/ehicle Encroachment Pr m Vehicle Encroachment Pre\

3%794

g0, ™ Obstructions

m Cycle Path Width 18% m Cycle Path Width

12% m Encorachment by Hawke m Encorachment by Hawker
10% m Friction from Crossing Ve 15% | Friction from Crossing Vet
1 Friction from Pedestrians 12% 13% Friction from Pedestrians
Reduced delay at Sign: Reduced delay at Sign:
Maintenance Maintenance
Comfortable Turning Rad Comfortable Turning Radiu

6%

Figure20: Gender wise Survey Response foirectnessat Access Roads

Among ten Individual indicators of Directnesgegory mentioned in th&igure20, comfortable
turning radius and friction from the pedestrians equally resulted to be the most weighted
among the males and according to the female response again comfortable turning radius
resulted out to be the most weighted indicatofhe Gender wise consistency ratios of the AHP
analysis for Access roads under diness category are presented below

Gender Consistency Ratio
Male 0.167
Female 0.378

4. Response of the students concern@gmfort indicators on Access Roads:

Male Response (Comfort Female Response(Comft)rt
2%

m Turning Radius

m Surface Quality

m Shade

m Drainage

H Gradient of Path

m Ramp Slopes
Safe Parking

m Turning Radius

m Surface Quality

m Shade

m Drainage

m Gradient of Path

m Ramp Slopes
Safe Parking

29%

Figure21l: Gender wise Survey Response for Comfort at Access Roads
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Among seven Individual indicators of comfoategory mentioned in th&igure21, gradient of

the path equally resulted to be the most weighted among the males and females response. The
survey output also reflected drainage as the most weighted indicafter gradient ofthe path,
especially according to female response.

The Gender wise consistency ratafshe AHP analysis for Access roads under comfort
category are presented below:

Gender Consistency Ratio
Male 0.246
Female 0.396

5. Response of the studentsencerning Attractiveness indicators on Access Roads

Male Response (Attracttiveness Female Response (Attractivenes:

7%

m Parking Availability m Parking Availability

m Attractive Environment H Attractive Environment

Maintenance Maintenance

| Activities m Activities

28%

Figure22: Gender wise Survey Response for Attractiveness at Access Roads

Among four Individual indicators of attractivenessgegory mentioned in th&igure22, among
the males, activities resulted to be the most weighted indicator followed by attractive
environment and maintenance respectively while according tofdmale response
predominantly maintenance resulted out to be the most weighted indicator.The Gender wise
consistency ratios of the AHP analysis for Access roads under attractiveness category are
presented below:

Gender Consistency Ratio
Male -0.196
Female 0.303
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7.4.1.3 Survey Response: Collector roads
The same set of questions where presented to the students for collector raadghe
responses obtained are being presented in the following figures

1. Response of the students concerning coheremtieators on Collector Roads:

Male Response(Coherenge Female Response (Coherenc

m Relevance H Relevance

m Crossing Frequenc m Crossing Frequenc

= Marking = Marking
m Signhage m Signage
m Cycle Box m Cycle Box

Figure23: Gender wise Survey Response for Coherence at Collector Roads

Among five Individual indicators of cohererzaegory mentioned in th&igure23, among

both the genders, cycle box resulted to be the most weighted indicator followed by crossing
frequency and markings respectively. The Gender wise consistency ratios of the AHP analysis
for Collector roads under coherence category are presented below:

Gender Consistency Ratio
Male 0.043
Female 0.046

2. Response of the students concerning safety indicators on Collector Roads:

Male Response ( Safety Female Response (Safety
B Crossing Safety m Crossing Safety
m Lighting H Lighting
m Safety Along the roac m Safety Along the roac
B Activity | Activity

m Vehicle Encroachmen
m Cycle Box

m Vehicle Encroachmen
m Cycle Box
m Parking Encroachmen

= Vehicle Parking

Figure24: Gender wise SurveRResponse for Safety at Collector Roads
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Among seven Individual indicators of Safe#yegory mentioned in th&igure24, among the

males parking encroachment came datbe the most weighted followed by safety along the
roadand cycle box. Whereas according to the female response, cycle box followed by activity
resulted out to be the most weighted indicators.

The Gender wise consistency ratios of the AHP analysisflectr roads under safety
category are presented in the table below:

Gender Consistency Ratio
Male 0.029
Female 0.088

3. Response of the students concerning Directness indicators on Collector Roads:

Male Response (Directness Female Response (Directnes:
m Parking prevention m Parking prevention
5% 1o m Vehicle Encroachment Preve 11% 5% gq, m Vehicle Encroachment Preve
) 1005 ™ Obstructions Obstructions
i m Cycle Path Width = Cycle Path Width

9%

17% 60, ™ Encorachment by Hawker 17% 206 ™ Encorachment by Hawker
13% ' Ff!Ct!OH from Crossmg Vet 12% Friction from Crossing Vet
10% m Friction from Pedestrians 9%9% Friction from Pedestrians
110 8% Reduced delay at Sign: Reduced delay at Sign:
° Maintenance Maintenance
Comfortable Turning Radiu Comfortable Turning Radiu

Figure25: Gender wiseSurvey Response for Directness at Collector Roads

It can be observed from abovégure25, among the mentioned ten Individual indicators of
Directness category , Maiemance followed by reduced delay at signal and comfortable turning
radius resulted to be the most weighted among the males. The survey response resulted the
same in the case of females.The Gender wise consistency ratios of the AHP analysis for
Collector pads under directness category are presented below:

Gender Consistency Ratio
Male 0.030
Female 0.065
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4. Response of the students concerning Comfort indicators on collector Roads:

Male Response (Comfort Female Response (Comfort

5%

B Turning Radius
m Surface Quality
m Shade

m Drainage

m Gradient of Path
m Ramp Slopes

m Safe Parking

B Turning Radius
B Surface Quality
m Shade

m Drainage

m Gradient of Path
m Ramp Slopes

m Safe Parking

Figure26: Gender wise Survey Response foomfort at Collector Roads

Among seven Individual indicators of comfoategory mentioned in th&igure26, the survey
outputs resulted drainage predominantly to bige most weighted among both males and
females. The Gender wise consistency ratios of the AHP analysis for Collector roads under
comfort category are presented below:

Gender Consistency Ratio
Male 0.010
Female 0.010

5. Response of the students concerniityactiveness indicators on collector Roads:

Male Response (Attractiveness Female Response (Attrctivenes:

| Parking Availability = Parking Availability

= Attractive Environment m Attractive Environment

= Maintenance = Maintenance

m Activities m Activities

Figure27: Gender wise Survey Response for Attractiveness at Collector Roads

Among four Individual indicators of attractivenessgegory mentioned in th&igure27,
Maintenance resulted to be the most weighted indicator followed by attractive environment
considering both males arfémales. Th&ender wise consistency ratios of the AHP analgsis
Collector roads under attractiveness category are presented below:
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Gender Consistency Ratio
Male -0.178
Female -0.138

7.4.1.4 Cumulative Survey Response

After gender based analysis the data obtained from the surveys, was further analysed
cumulativelyunder different road type for each category to derive a comparative inference for
the five categories under different road type. These output obtained are being presented in the
following figures.

CumulativeResponse (Coherence)The cumulative responsebtained for Coherence category
for all the road types are presented in thégure28

Cumalative Response (Coherenedyor Arterial Roads

m Relevance

m Crossing Frequenc
m Marking

m Signage

m Cycle Box

Cumalative Response (Cohereneéjor Access Road

m Relevance

m Crossing Frequenc
= Marking

m Sighage

m Cycle Box

Cumulative Response (Coherenedjor Collector Roads

m Relevance

m Crossing Frequenc
= Marking

m Signage

m Cycle Box

Figure28: Coherence Cumulative Response &k roads
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The consistency ratios of the cumulative AHP analysis conducted for the different road typology
under coherence category are presented below:

Cumulative Response Consistency Ratio

Arterial Road 0.019
Access Road 0.218
Collector Road 0.043

Comparative Inferences
Among Five Individual indicators of Coherence category mentioned in the above figures:

1. Cycle box, signage and marking resulted out to be the most weighted indicators in case of
arterial roads.

2. In case of access roasdigihage and nréting resulted out to be the most weighted
indicators.

3. Whereas cycle box followed by crossing frequency resulted out to be the most weighted
indicators in case of collector roads.

Cumulative Response (safetg)The cumulative response obtained fdafetycategory for all
the road types are presented in thégure29

Cumalative Response (Safetfor Arterial Roads

m Crossing Safety
m Lighting
m Safety Along the roac
m Activity
m Vehicle Encroachmen
m Cycle Box

Parking

20%

Cumalative Response (Safetyfror Access Roal

m Crossing Safety
H Lighting
m Safety Along the roac
m Activity
m Vehicle Encroachmen
m Cycle Box

Parking

17%
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Cumalative Response (Safetyfor Collector Road

m Crossing Safety
m Lighting
m Safety Along the roac
B Activity
m Vehicle Encroachmen
m Cycle Box

Parking Encroachmen

18%

Figure29: Safety Cumulative Response for all roads

The consistency ratios of the cumulative AHP analysis conducted for the different road typology
under safety catgory are presentetbelow:

Cumulative Response Consistency Ratio

Arterial Road 0.026
Access Road 0.117
Collector Road 0.029
Comparativelnferences

Among Seven Individual indicators of safety category mentioned in the above figures:

1. It can be observed that Cycle box and parking resulted out to be the most weighted
indicators in case of arterial roads.

2. In case of access roadshicle encrachment and Cycle box resulted out to be the most
weighted indicators.

3. Whereas parking encroachment followed by cycle box resulted out to be the most
weighted indicators in case of collector roads.

Cumulative Response (DirectnessYhe cumulative respomesobtained for Directness category
for all the road typess presented in tha=igure30 below:
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: : ) m Parking prevention
Cumalatllz\(/)er iﬁiﬁ(;?;ec)élglreCtness, 4% 7% m Vehicle Encroachment Preventio

m Obstructions

15% B Cycle Path Width
m Encorachment by Hawker
16% m Friction from Crossing Vet
Friction from Pedestrians
10% Reduced delay at Signi

Maintenance
9% Comfortable Turning Radiu

Cumalative Response (Directness) ® Parking prevention ,
For Access Road 4% o, m Vehicle Encroachment Preventic

m Obstructions

m Cycle Path Width

m Encorachment by Hawker

m Friction from Crossing Vel
Friction from Pedestrians
Reduced delay at Sign:
Maintenance

10% Comfortable Turning Radiu

16%

14%

11%
14%

Cumalative Response( Directness; _ m Parking prevention

For Collector Road 7% m Vehicle Encroachment Preventio
13% m Obstructions

H Cycle Path Width

m Encorachment by Hawker

m Friction from Crossing Vet
Friction from Pedestrians
Reduced delay at Signi

10% Maintenance

Comfortable Turning Radiu

17%

13%

Figure30: Directness CumulativResponse for all roads

The consistency ratios of the cumulative AHP analysis conducted for the different road typology
under directness cagory are presentetelow:

Cumulative Response Consistency Ratio

Arterial Road 0.043
Access Road 0.101
CollectorRoad 0.029

Comparative Inferences
Among ten Individual indicators 8firectness categoryhe following can be observed:

1. Arterial Road Maintenance followed by comfortableitning radius haveeen weighted
the highest
2. Access roadsComfotable turningradius andmaintenances weighted the highest
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3. Collector Road Maintenance followed by comfortable turning radius and reduced delay
at signalare highest weighted indicatars

Cumulative Response (Comfort)The cumulative response obtained for Directness category
for all the road types is presented in tikégure31

Cumalative Response ( Comfort) 5%
For Arterial Roads

m Turning Radius
m Surface Quality
m Shade

m Drainage

m Gradient of Path
m Ramp Slopes

m Safe Parking

Cumalative Response (Comfort) 4%

® Turning Radius
For Access Roads 9

m Surface Quality
m Shade

m Drainage

m Gradient of Path
m Ramp Slopes

m Safe Parking

Cumalative Response (Comfort)

For Collector Roads ® Turning Radius
m Surface Quality
m Shade

m Drainage

m Gradient of Path
m Ramp Slopes

1 Safe Parking

Figure31: ComfortCumulative Response for all roads

The consistency ratios of the cumulative AHP analysis conducted for the different road typology
under comfort caggory are presentetielow:

Cumulative Response Consistency Ratio

Arterial Road 0.034
Access Road 0.191
Collector Road 0.006
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Comparative Inferences

Among seven Individual indicators of Comfort category mentioned in the above figures:

1. It can be observed that Safe parking resulted out to be the most weighted indicator in
case of arterial roads.

2. In case ohccess roadSafe parking resulted out to be the most weighted indicator.

3. Whereas Drainage resulted out to be the most weighted indicators in case of collector

roads.

Cumulative Response (Attractiveness)rhe cumulative response obtained for Directness
category for all the road types is presented in fhigure32

Cumalative Response (Attractiveness
For Arterial Roads
Cumalative Response( Attractiveness
For Access Roads

Cumalative Response (Attractiveness
For Collector Roads

m Parking Availability
m Attractive Environment
m Maintenance

m Activities

m Parking Availability
H Attractive Environment
= Maintenance

m Activities

m Parking Availability
m Attractive Environment
= Maintenance

M Activities

Figure32: Attractiveness Cumulative Response for all roads
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Theconsistency ratios of the cumulative AHP analysis conducted for the different road typology
under attractiveness category are presented below:

Cumulative Response Consistency Ratio

Arterial Road -0.168
Access Road -0.057
Collector Road 0.006

Comparative Inferences:
Among four Individual indicators of Attractiveness category mentioned in the above figures:

1. It can be observed that Maintenance followed by attractive environment and parking
availability resulted out to be the most weighted indimain case of arterial roads.

2. In case of access roalmintenancefollowed by attractive environment and parking
availability resulted out to be the most weighted indicator.

3. In case of collector roads also again Maintenance followed by attractive emenainand
parking availability resulted out to be the most weighted indicators.
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7.4.2 Rationalised Indicator Weights for CyLOS Tool

Before conducting a student survey to determine indicator weights, the CyLOS development team in discussion witfi TRIRIP, II
determined through a discussion and deliberation process. The individual indicator weights in each category were muthplied w
expert survey based category weights to determine the overall indicator weight for each of the 33 indicators (tb@lfty We

refer to these individual overall indicators weights as expert weightatgse4 presents aoverall expert weight$or route/corridor

for each road type

Table4: Overall expert weights for each road typology (Route/Corridor)

Category Weight Indicators Description Overall Indicator Weight%
5 Z Qa 1<
() (]
3 |z 2 % 2 =
S |2 8 S E 8
s |2 g g S g
g | D = = z =
< |2 2 = 2 2
e > 5 9 > S 9
S | 28| ¢S 2 |3 T o % 3
0} c=| @ @ c == @ oo} c
T | 22| % 3 I - - o 3 8 8
O T &l O P ) Indicators Description T & O < &N
Infrastructure Relevance How relevant is planned/constructed 5.95% | 9.90%| 9.10%| 7.00%
infrastructure to its context
Frequency of cycle crossing How frquent are available opportunities | 5.95% | 5.50%| 0.70%| 0.70%
§ for cyclists to cross the road
g X o\° X o — - ——
o N N S s Cycle Specific Marking Availability of adequate pavement 1.70% | 2.20%| 1.40%| 2.80%
§ marking to guide, warn and regulate
cyclists
Cycle Specific signage Availability of adequate sign boards to 1.70% | 2.20%| 1.40%| 2.80%
guide, warn and regulate cyclists
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Cycle Box at Intersection Availability of cycle box marking at 1.70% | 2.20%| 1.40%| 0.70%
intersection to holdcrossing cyclists
Cycle Box at Intersection Availability of cycle box marking at 2.20% | 1.80%| 1.60%| 2.05%
intersection to hold crossing cyclists
Crossing Safety Index What is the level of safety in ternuodé 8.80% | 7.20%| 1.60%| 2.05%
crash risk and severity, at cyclist crossin|
facilities
Lighting quality index What is the quality of lighting in terms of|] 6.60% | 3.60%| 6.40%| 8.20%
. level and uniformity
% g\rr % § g Mid block accident safety Assesment of accidemisk for cyclist 11.00% | 7.20%| 4.80%| 2.05%
n along the carriageway
Eyes on street Assesment of level of activity along 8.80% | 7.20%| 8.00%| 20.50%
segment, to ensure security
Enforcement Assessment of level of enforcement to 2.20% | 3.60%| 1.60%| 4.10%
ensure safety orarriageway.
Parking Friction Index Assessment of risk posed by street 4.40% | 5.40%| 8.00%| 2.05%
parking to commuting cyclists
Enforcement Assessment of level of enforcement to 0.80% | 2.00%| 1.40%| 0.60%
ensure minimal loss dfirectness to
cyclists.
Parking Friction Index Assessment of loss of directness from 1.28% | 5.00%| 5.60%| 0.60%
@ friction by street parking to commuting
£ o\° X § o\° cyclists
8] (o] o (o0} N
@ — N N — . .
a Obstruction Index Assessment of loss of directness casueq 3.36% | 4.00%| 5.60%| 2.40%
by presence of abstruction in cycling pat
Width Sufficiency Index Assesment of sufficiency of cycling path| 3.36% | 3.00%| 1.40%/| 3.00%
width with respect to vehicle size and
cycle volume
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Hawker Friction Index

Assesment of lossf directness due to
friction from hawkers on cycling path

1.60%

1.00%

2.24%

0.96%

Frequency of punctures

How often is cycling lane/path crossed b
vehicular path to access service
lane/property entrance, etc.

1.28%

1.00%

0.56%

0.24%

Pedestrian Friction Index

Assessment of loss of directness due to
friction from pedestrians on cycle path

2.40%

2.00%

5.60%

1.80%

Cyclist Delay at Intersection

Assesment of loss of directness due to
delay to cyclists at intersections

0.64%

0.80%

1.68%

0.72%

Maintenance

Assesment of loss of directness due to
friction cause by poor maintenance/
cleaning cycle infrastructure

0.64%

0.80%

2.80%

1.20%

Turning Radius

Assessment of loss of directness due to
tight turning radiuses on cyclingath

0.64%

0.40%

1.12%

0.48%

Comfort
18%
15%

18%

20%

Turning Radius

Assessment of loss of comfort due to tig
turning radii on cycling path

1.44%

0.75%

0.90%

3.00%

Riding Comfort Index

Assement of riding comfort with
reference to surface type

6.30%

5.25%

6.30%

7.00%

Shaded Length

Assessment of protection from wether in
terms of shade/shelter over cycling path

3.60%

3.00%

4.50%

5.00%

Cross Slope Index

Assessment of water runoff capability ar|
comfortable riding cross slope

1.26%

0.75%

0.54%

0.60%

Longitudenal Slope Index

Assessment of comfortable riding
longitudenal slope

3.60%

3.75%

4.50%

3.00%

Ramp Slope Index

Assessment of comfort of ramps provide
to access egress from cycle path.

0.90%

0.75%

0.36%

0.40%

ParkingAvailability Index

Assesment of cycling comfort in terms o
availability of safe and secure cycle
parking

0.90%

0.75%

0.90%

1.00%
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Parking Availability Index Assesment of cycling comfort in terms 0] 1.25% | 1.40%| 0.80%| 0.65%
availability of safe andecure cycle

parking
A
% Eyes on Street Attraction of cycling infrastructure in 1.00% | 1.40%)| 2.00%| 5.20%
= N P~ ~ § terms of life/ activity along cycling path
S n ~ o N1
o Maintenance Attractiveness of cycling infrastructure i 2.00% | 2.80%| 3.20%| 3.90%
< terms of how well iis maintained
Landscaping Attractiveness of cycling infrastructure i 0.75% | 1.40%| 2.00%| 3.25%
terms of alongside landscaping/
plantation
Total | 100%| 100%| 100%| 100% 100% | 100% | 100% | 100%

The individual indicator weights &ach category derived from the student survey, were also multiplied with expert survey derived
category weights to arrive at overall indicator weights for all 33 indicators (totalling 100%). We refer these weighdemis stu
weightagesTable5 presents final overall student weights for route/corridor for each road type.

Table5: Overall student weights for each road typolodfRoute/Corridor)
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Category Weight Indicators Description Overall Indicator Weight%
s .ES
> |3 g
= o] [en o c
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2 a T 5 fa T
i = 5 = S 5
o - o =
: |8 |§ | S |8 |8 |3
= Q@ O] c c @ @ c
k=2 IS, 3] I : - =2 IS, 3 i
T O P o Indicators Description T O P N
Infrastructure How relevant is planned/constructed 1.76%| 1.80%| 1.81%| 7.00%
Relevance infrastructure to its context
Frequency of How frquent are availablepportunities 2.65%| 5.00%| 1.70%| 0.70%
o cycle crossings | for cyclists to cross the road
% o o o o Cycle Specific Availability of adequate pavement 4.13%| 4.03%| 3.99%| 2.80%
o E éﬁ %\r % Marking marking to guide, warn and regulate
§ - o - - cyclists
Cycle Specific Availability of adequatsign boards to 4.24%| 4.00%| 3.99%| 2.80%
signage guide, warn and regulate cyclists
Cycle Box at Availability of cycle box marking at 4.23%| 7.16%| 2.50%| 0.70%
Intersection intersection to hold crossing cyclists
‘3 X X X X Cycle Box at Availability of cycle box marking at 8.68%| 6.15%| 6.48%| 2.05%
‘T < © N - . . . . .
B < ™ ™ < Intersection intersection to hold crossing cyclists
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Crossing Safety | What is the level of safety in terms of 3.07%| 3.23%| 2.62%| 2.05%
Index crash risk and severity, at cyclist cross
facilities
Lighting quality | What is the quality of lighting interms ¢  4.11%| 2.92%| 3.55%| 8.20%
index level and uniformity
Mid block Assesment of accident risk for cyclist 5.93%| 6.02%| 4.27%| 2.05%
accident safety | along the carriageway
Eyes on street | Assesment of level of activity along 5.17%| 5.77%| 3.70%| 20.50%
segment, to ensure security
Enforcement Assessment of level of enforcementto| 8.10%| 5.29%| 6.07%| 4.10%
ensure safety on carriageway.
Parking Friction | Assessment of risk posed biyeet 8.95%| 6.62%| 5.32%| 2.05%
Index parking to commuting cyclists
Enforcement Assessment of level of enforcementto| 0.71%| 1.06%| 1.07%| 0.60%
ensure minimal loss of directness to
cyclists.
Parking Friction | Assessment dbss of directness from 1.11%| 1.35%| 1.39%| 0.60%
Index friction by street parking to commuting
ﬁ cyclists
= 2 S S E% Obstruction IndeX Assessment of loss of directness casu¢ 1.83%| 1.98%| 2.84%| 2.40%
Q — N N I by presence of abstruction in cycling
a path
Width Sufficiency| Assesment of sufficiency of cycling patf 1.47%| 1.33%| 2.02%| 3.00%
Index width with respect to vehicle size and
cycle volume
Hawker Friction | Assesment of loss of directness due to] 1.40%| 2.08%| 2.43%| 0.96%
Index friction from hawkers on cycling path
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Frequency of How often is cycling lane/path crossed| 1.53%| 1.69%| 2.72%| 0.24%
punctures by vehicular path to access service
lane/property entrance, etc.
Pedestrian Assessment of loss of directness due tf 1.40%| 2.03%| 3.96%| 1.80%
Friction Index friction from pedestrians ogycle path
Cyclist Delay at | Assesment of loss of directness due to| 1.66%| 2.49%| 3.21%| 0.72%
Intersection delay to cyclists at intersections
Maintenance Assesment of loss of directness due to] 2.58%| 3.48%| 3.87%| 1.20%
friction cause by poomaintenance/
cleaning cycle infrastructure
Turning Radius | Assessment of loss of directness due t| 2.31%| 2.51%| 4.48%| 0.48%
tight turning radiuses on cycling path
Turning Radius | Assessment of loss obmfort due to 0.96%| 1.14%| 0.68%| 3.00%
tight turning radii on cycling path
Riding Comfort | Assement of riding comfort with 1.97%| 1.79%| 1.96%| 7.00%
Index reference to surface type
Shaded Length | Assessment of protection from wether | 2.15%| 1.45%| 1.98%| 5.00%
in terms ofshade/shelter over cycling
- path
S L N L N Cross Slope Inde] Assessment of water runoff capability 2.99%| 3.59%| 3.71%| 0.60%
g ® © ® I and comfortable riding cross slope
© Longitudenal Assessment of comfortable riding 2.76%| 2.29%| 1.68%| 3.00%
Slope Index longitudenalslope
Ramp Slope Inde| Assessment of comfort of ramps proviq 2.45%| 2.21%| 2.99%| 0.40%
to access egress from cycle path.
Parking Assesment of cycling comfort in terms| 4.73%| 2.53%| 4.99%| 1.00%
Availability Index | availability of safe and secuogcle
parking
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Parking Assesment of cycling comfortin terms| 0.77%| 0.96%| 1.23%| 0.65%
Availability Index | availability of safe and secure cycle
parking
[9)]
8
S o Eyes on Street | Attraction of cyclingnfrastructure in 1.10%| 1.57%| 1.73%| 5.20%
3 = S = ) terms of life/ activity along cycling path
Q —
& Maintenance Attractiveness of cycling infrastructure | 1.76%)| 2.40%| 2.91%| 3.90%
< in terms of how well it is maintained
Landscaping Attractiveness of cycling infrastructure | 1.37%| 2.07%| 2.13%)| 3.25%
in terms ofalongsiddandscaping/
plantation
Total 100%| 100%| 100%| 100% 100%| 100%| 100%| 100%
SGArchitects Page68



CyLOS Final Report

Student weights were compared with expert weights to analyse any inconsisteRores.

simplicity sake it was decided that student weights will be given preference for use in the CyLOS
tools however top 7 (top 25%) weights shall be compared with top 7 expert weights to resolve
any major inconsistencies. In this comparison it was assdhsethetween three to five, of the

top seven indicators were not common between the two sets. Even within the indicators that
were common. When these uncommon indicators were compared for their overall weightages,

a significant difference in their indivael weights was observed. It was determined that
rationalising some of these indicator weights may be necessitated, because of the following
reasons:

1 Questionnaire may have failed to explain the features of some complex indicators
involving more than oneehture. For example the relevance indicator had been
weighted very low by students but very high by experts. It is assumed that students
failed to capture its importance because they may have been unaware of the fact that
this indicator captures not onhhe relevance of an infrastructure design in a context but
also the consistency and continuity of the infrastructure.

1 Students may have been unaware of importance of features attached to some indicators
as they have not experienced a cycling infrastructure.

1 Students were biased towards basic features (such as maintenance and enforcement)
that they currently find missing on the streets that they use.

1 Though the last point is justified in determining the weightages the first two
necessitated some correction.h& said corrections were conducted through the
following process in discussion with TRIPP, IIT Delhi:

1 Based on the above reasons top 7 compared indicators were provided with a
rationalizedweightages The rationalization involved using either theightages from
the student weights or from the expert weights. Two balance the sum of total student
weights one indicator was to be adjusted to a value which may not be from student or
expert weights.
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Therationalizedoverall indicators were fed back ihe student weights, and were converted to
individual category weights for each road after dividing by category weights for the said road.
These weights replaced the individual weights in each category as determined from the student
survey.Therationalizedstudent indicator weights in each category since modified based on
overall total of 100% (were modified as overall weights) disturbed the sum of category weights
which was now either less than or more than 100%. These were corrected by sgabng

down each weight in each category for each road type in the ratio of their current contribution

in each category.
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Finally multiplying each rationalised weight in each category with individual category weight provided overall rationalised
weightagesfor each indicator for each road type.

Table6 presentsfinal overall rationalised weighter route/corridor for each road type.

Table6: Overallrationalizedweightagesfor each road typology (Route/Corridor)

Category Weight Indicators Description Overall Indicator Weight%
a = Indicators Description a =
=} (<] S [}
N > 2 n - 2
= o = (@]
S | S £ a S 2 o
(o) [ Q 3 [ 9 3
0] = = = =
© g %) = 2 @ =
U S T~ ~ S e~ ~
Toe ]| L
o =1 @] =
Sz |5 |8 |8 S8 |3 2 g
£5 |2 |8 |E £ |2 |8 |E
2 £ o 5] 8 2 £ o o 8
T © @) < (] I c @) < n
Infrastructure How relevant is planned/constructed 5.10%| 8.58%| 6.58%| 7.00%
Relevance infrastructure to its context
Frequency of How frquent are available opportunitie} 2.21%| 4.40%| 1.26%| 0.70%
o cycle crossings | for cyclists to cross the road
% < < < < Cycle Specific Availability of adequate pavement 3.40%| 3.52%| 2.80%| 2.80%
o R & & & Marking marking to guide, warn and regulate
= i AN i — .
8 cyclists
Cycle Specific Avalilability of adequate sign boards to| 3.57%| 3.52%| 2.80%| 2.80%
signage guide, warn and regulate cyclists
Cycle Box at Availability of cycle box marking at 2.72%| 1.98%| 0.56%| 0.70%
Intersection intersection to hold crossing cyclists
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Cycle Box at Availability of cycle box marking at 7.48%| 1.80%| 2.24%| 2.05%
Intersection intersection to hold crossing cyclists
Crossing Safety | What is the level of safety in terms of 3.52%| 7.56%| 2.56%| 2.05%
Index crash risk and severitgt cyclist
crossing facilities
Lighting quality | What is the quality of lighting in terms | 4.84%| 2.88%| 6.40%| 8.20%
- index of level and uniformity
5] X X é’ X . . . .
T 3 < § o Mid block Assesment of accident risk for cyclist | 12.76%| 6.12%| 4.16%| 2.05%
n accident safety | along thecarriageway
Eyes on street | Assesment of level of activity along 6.16%| 5.76%| 3.52%| 20.50%
segment, to ensure security
Enforcement Assessment of level of enforcementto] 3.08%| 5.40%| 2.56%| 4.10%
ensure safety on carriageway.
Parking Friction | Assessment of risk posed by street 6.16%| 6.48%)| 10.56%)| 2.05%
Index parking to commuting cyclists
Enforcement Assessment of level of enforcementto] 0.32%| 1.20%| 0.56%| 0.60%
ensure minimal loss of directness to
cyclists.
Parking Friction | Assessment of loss of directness from| 0.64%| 1.40%| 2.80%| 0.60%
Index friction by street parking to commuting
a cyclists
)
5 = S = 2 Obstruction Assessment of loss of directness casu| 1.92%| 2.20%| 3.08%| 2.40%
Q — N N A Index by presence of abstruction irycling
a path
Width Sufficiency| Assesment of sufficiency of cycling pal 1.60%| 1.40%| 2.24%| 3.00%
Index width with respect to vehicle size and
cycle volume
Hawker Friction | Assesment of loss of directness due tq  1.44%| 2.20%| 2.52%| 0.96%
Index friction from hawkers on cycling path
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Frequency of How often is cycling lane/path crossed 1.60%| 1.80%| 2.80%| 0.24%
punctures by vehicular path to access service
lane/property entrance, etc.
Pedestrian Assessment of loss of directness due { 1.44%| 2.20%| 4.76%| 1.80%
Friction Index friction from pedestrians on cycle path
Cyclist Delay at | Assesment of loss of directness due tq  1.76%| 2.60%| 3.36%| 0.72%
Intersection delay to cyclists at intersections
Maintenance Assesment of loss of directness due tq  2.72%| 2.20%| 3.92%| 1.20%
friction cause by poor maintenance/
cleaning cycle infrastructure
Turning Radius | Assessment of loss of directness due{ 2.56%| 2.80%| 1.96%| 0.48%
tight turning radiuses on cycling path
Turning Radius | Assessment of loss of comfort due to 0.72%| 1.14%| 0.36%| 3.00%
tight turning radii on cycling path
Riding Comfort | Assement of riding comfort with 5.04%| 1.79%| 2.52%| 7.00%
Index reference to surface type
Shaded Length | Assessment of protection from wether| 1.80%| 1.45%| 2.52%| 5.00%
in terms of shade/shelter over cycling
path
= Cross Slope Inde| Assessment of water runoff capability | 2.34%| 3.59%| 4.86%| 0.60%
2 X X X S -
c 8‘3 ?54’ 8‘3 °g and comfortable riding cross slope
@)
@) Longitudenal Assessment of comfortable riding 2.34%| 2.29%| 2.16%| 3.00%
Slope Index longitudenal slope
Ramp Slope Inde| Assessment of comfort of ramps 1.98%| 2.21%| 3.78%| 0.40%
provide to access egress from cycle
path.
Parking Assesment of cycling comfort in terms| 3.78%| 2.53%| 1.80%| 1.00%
Availability Index | of availability of safe and secure cycle
parking
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Parking Assesment of cycling comfort in terms| 0.77%| 1.12%| 0.40%| 0.65%
Availability Index | of availability of safe and secure cycle
o parking
§ Eyes on Street | Attraction of cycling infrastructure in 1.10%| 1.82%| 1.92%| 5.20%
o © © © S terms of life/ activity along cycling path
g 0 ~ © S Maintenance Attractiveness of cycling infrastructure| 1.76%| 1.68%| 3.28%| 3.90%
E in terms of how well it is maintained
Landscaping Attractiveness of cycling infrastructure| 1.37%| 2.38%| 2.40%| 3.25%
in terms of along side landscaping/
plantation
Total 100%| 100%| 100%| 100% 100%| 100%| 100%| 100%
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Table7 presents a comparison of final overall expert weights, student weigimd rationalisedveights for route/corridor; foreach road type.

Table7: ComparativeOverall weightages chart for each road typology (Route/Corridor)

Category Weight Indicators Overall Indicator Weight%(Experts) Overall Indicator Weight%(Students) Overall Indicator Weight%(Rationalized)
s s © T
g 8 g 5
> ] - ] - ® - = -
3 | 2 5 £ 5 £ 3 2 g
= 2 > 2 % > 2 % > 2 N > 2
@) S g ® | Indicators S g Z S e Z 5 S z
B | 2 Q B 2 Q B 2 Q 5 2 Q
= b— o] — b= o] — = o] ® — o]
g | & £ 5 5 £ g 5 £ 5 5 £
< |8 g 3 2 2 2 2 g 2 o F
= | 35 S = E S > E S > E S
] 2 o 2 © 2 ] b=
= | 5| 8|38 = 5 a 3 = 3 a 3 = 3 a 3
5| 3| 8| 8 =) 5 = 3 5 5 = 3 =) 5 3 3
T @) < N I o < N T &) < N T (@) < n
o Infrastructure Relevance 5.95% 9.90%| 9.10% 7.00% 1.76% 1.80% 1.81% 7.00% 5.10% 8.58% 6.58% 7.00%
% . © . © Frequency of cycle crossin 5.95% 5.50%| 0.70% 0.70% 2.65% 5.00% 1.70% 0.70% 2.21% 4.40% 1.26% 0.70%
E E ‘ﬁ % %_ﬁ Cycle Specific Marking 1.70% 2.20%| 1.40% 2.80% 4.13% 4.03% 3.99% 2.80% 3.40% 3.52% 2.80% 2.80%
S Cycle Specific signage 1.70% 2.20%| 1.40% 2.80% 4.24% 4.00% 3.99% 2.80% 3.57% 3.52% 2.80% 2.80%
Cycle Box at Intersection 1.70% 2.20%| 1.40% 0.70% 4.23% 7.16% 2.50% 0.70% 2.72% 1.98% 0.56% 0.70%
Cycle Box at Intersection 2.20% 1.80%| 1.60% 2.05% 8.68% 6.15% 6.48% 2.05% 7.48% 1.80% 2.24% 2.05%
Crossing Safety Index 8.80% 7.20%| 1.60% 2.05% 3.07% 3.23% 2.62% 2.05% 3.52% 7.56% 2.56% 2.05%
> . © . © Lighting quality index 6.60% 3.60%| 6.40% 8.20% 4.11% 2.92% 3.55% 8.20% 4.84% 2.88% 6.40% 8.20%
2 1% |g | | [Midblockaccidentsafety |  11.00%  7.20%| 4.80% 2.05%|  5.93% 6.02%| 4.27% 2.05%| 12.76% 6.12%|  4.16%| 2.05%
« Eyes on street 8.80% 7.20%| 8.00% 20.50% 5.17% 5.77% 3.70% 20.50% 6.16% 5.76% 3.52%| 20.50%
Enforcement 2.20% 3.60%| 1.60% 4.10% 8.10% 5.29% 6.07% 4.10% 3.08% 5.40% 2.56% 4.10%
Parking Friction Index 4.40% 5.40%| 8.00% 2.05% 8.95% 6.62% 5.32% 2.05% 6.16% 6.48% 10.56% 2.05%
Enforcement 0.80% 2.00%| 1.40% 0.60% 0.71% 1.06% 1.07% 0.60% 0.32% 1.20% 0.56% 0.60%
Parking Friction Index 1.28% 5.00%| 5.60% 0.60% 1.11% 1.35% 1.39% 0.60% 0.64% 1.40% 2.80% 0.60%
Obstruction Index 3.36% 4.00%| 5.60% 2.40% 1.83% 1.98% 2.84% 2.40% 1.92% 2.20% 3.08% 2.40%
Width Sufficiency Index 3.36% 3.00%| 1.40% 3.00% 1.47% 1.33% 2.02% 3.00% 1.60% 1.40% 2.24% 3.00%
Hawker Friction Index 1.60% 1.00%| 2.24% 0.96% 1.40% 2.08% 2.43% 0.96% 1.44% 2.20% 2.52% 0.96%
* Frequency of punctures 1.28% 1.00%| 0.56% 0.24% 1.53% 1.69% 2.72% 0.24% 1.60% 1.80% 2.80% 0.24%
§ © © © © Pedestrian Friction Index 2.40% 2.00%| 5.60% 1.80% 1.40% 2.03% 3.96% 1.80% 1.44% 2.20% 4.76% 1.80%
g Lo‘g‘ og 8& 5:\: Cyclist Delay at Intersectio 0.64% 0.80%| 1.68% 0.72% 1.66% 2.49% 3.21% 0.72% 1.76% 2.60% 3.36% 0.72%
-5 Maintenance 0.64% 0.80%| 2.80% 1.20% 2.58% 3.48% 3.87% 1.20% 2.72% 2.20% 3.92% 1.20%
Turning Radius 0.64% 0.40%| 1.12% 0.48% 2.31% 2.51% 4.48% 0.48% 2.56% 2.80% 1.96% 0.48%
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Turning Radius 1.44% 0.75%| 0.90% 3.00% 0.96% 1.14% 0.68% 3.00% 0.72% 1.14% 0.36% 3.00%
Riding Comfort Index 6.30% 5.25%| 6.30% 7.00% 1.97% 1.79% 1.96% 7.00% 5.04% 1.79% 2.52% 7.00%
Shaded Length 3.60% 3.00%| 4.50% 5.00% 2.15% 1.45% 1.98% 5.00% 1.80% 1.45% 2.52% 5.00%
E S S < S Cross Slope Index 1.26% 0.75%| 0.54% 0.60% 2.99% 3.59% 3.71% 0.60% 2.34% 3.59% 4.86% 0.60%
g ® © et I Longitudenal Slope Index 3.60% 3.75%| 4.50% 3.00% 2.76% 2.29% 1.68% 3.00% 2.34% 2.29% 2.16% 3.00%
© Ramp Slope Index 0.90% 0.75%| 0.36% 0.40% 2.45% 2.21% 2.99% 0.40% 1.98% 2.21% 3.78% 0.40%
Parking Availability Index 0.90% 0.75%| 0.90% 1.00% 4.73% 2.53% 4.99% 1.00% 3.78% 2.53% 1.80% 1.00%
* Parking Availability Index 1.25% 1.40%| 0.80% 0.65% 0.77% 0.96% 1.23% 0.65% 0.77% 1.12% 0.40% 0.65%
§ Eyes on Street 1.00% 1.40%| 2.00% 5.20% 1.10% 1.57% 1.73% 5.20% 1.10% 1.82% 1.92% 5.20%
_g S S S §) Maintenance 2.00% 2.80%| 3.20% 3.90% 1.76% 2.40% 2.91% 3.90% 1.76% 1.68% 3.28% 3.90%
‘g o ~ © — Landscaping 0.75% 1.40%| 2.00% 3.25% 1.37% 2.07% 2.13% 3.25% 1.37% 2.38% 2.40% 3.25%
E
Total | 100%| 100%]| 100%]| 100% 100% 100%|  100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Of these the three sets of rationalised weights have been fed as default weightages in the CyLOS tool
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The same is being done for the transit evaluatidso;however, two indicator types were dieled to be doubled in their weight
contribution in each of these categories. This is because of the additional importance of these indicators in assessing trans
influence area (and not just the route to transit station). These indicators were link genditator (in coherence category) and
parking availability indicator in comfort and attractiveness category. Once again all indicators in these categoriesuste t&d]
accommodate this doubling of weights.

Table8 presents final overall rationalised weights for Transit access area; for each road type.

Table8: Overall rationalized weightages for each road typology (Trams#a)

Category Weight Indicators Description Overall Indicator Weight%
5 5 o) I
(] [}
2 b 2 7 > S
P = o (] = (@] [<H)
s |2 5 =2 ° 5 =2
o © o g < o Q@
] = = = =
T |2 @ = 2 @ =
O - — ~ - _ ~
5|z I
@] - o -
S8 |5 |8 |8 S |3 2 |3
oL |3 3 S , e 2L |3 3 i
T & O D N Indicators Description T G O P N
Infrastructure How relevant is planned/constructed 4.42%| 7.26%| 6.02%| 6.72%
Relevance infrastructure to its context
o Accessibility How much accesssible are the transit | 3.91%| 7.26%| 2.38%| 1.26%
e Index stations
o o\° o\° X X e T
I ~ N ) ) Cycle Specific Availability of adequate pavement 3.06%| 2.86%| 2.52%| 2.66%
8 Marking marking to guide, warn and regulate
cyclists
Cycle Specific Avalilability of adequate sign boards to| 3.23%| 2.86%| 2.52%| 2.66%
signage guide, warn and regulate cyclists
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Cycle Box at Availability of cycle box marking at 2.38%| 1.76%| 0.56%| 0.70%
Intersection intersection to hold crossing cyclists
Cycle Box at Availability of cycle box marking at 7.48%| 1.80%| 2.24%| 2.05%
Intersection intersection tohold crossing cyclists
Crossing Safety | What is the level of safety in terms of 3.52%| 7.56%| 2.56%| 2.05%
Index crash risk and severity, at cyclist
crossing facilities
Lighting quality | What is the quality of lightingn terms 4.84%)| 2.88%| 6.40%| 8.20%
> index of level and uniformity
3] X X § X . . . .
% 3 ) N J Mid block Assesment of accident risk for cyclist | 12.76%| 6.12%| 4.16%| 2.05%
n accident safety | along the carriageway
Eyes on street | Assesment of level of activity along 6.16%| 5.76%| 3.52%]| 20.50%
segment, to ensureecurity
Enforcement Assessment of level of enforcementto] 3.08%| 5.40%| 2.56%| 4.10%
ensure safety on carriageway.
Parking Friction | Assessment of risk posed by street 6.16%| 6.48%]| 10.56%| 2.05%
Index parking to commuting cyclists
Enforcement Assessment of level of enforcementto] 0.32%| 1.20%| 0.56%| 0.60%
ensure minimal loss of directness to
cyclists.
Parking Friction | Assessment of loss of directness from| 0.64%| 1.40%| 2.80%| 0.60%
a Index friction by street parking teommuting
f’g’ S S S S cyclists
o © o [se} N i i
9 = N N = Obstruction Assessment of loss of directness casu| 1.92%| 2.20%| 3.08%| 2.40%
o Index by presence of abstruction in cycling
path
Width Sufficiency| Assesment of sufficiency of cycling pal 1.60%| 1.40%| 2.24%| 3.00%
Index width with respect to vehicle size and
cycle volume
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Hawker Friction | Assesment of loss of directness due tq¢  1.44%| 2.20%| 2.52%| 0.96%
Index friction from hawkers on cycling path
Frequency of How often is cycling lane/pattrossed 1.60%| 1.80%| 2.80%| 0.24%
punctures by vehicular path to access service
lane/property entrance, etc.
Pedestrian Assessment of loss of directness due{ 1.44%| 2.20%| 4.76%| 1.80%
Friction Index friction from pedestrians on cycle path
Cyclist Delay at | Assesment of loss of directness due tq 1.76%| 2.60%| 3.36%| 0.72%
Intersection delay to cyclists at intersections
Maintenance Assesment of loss of directness due tq  2.72%| 2.20%| 3.92%| 1.20%
friction cause by poor maintenance/
cleaning cycle infrastructure
Turning Radius | Assessment of loss of directness due{ 2.56%| 2.80%| 1.96%| 0.48%
tight turning radiuses on cycling path
Turning Radius | Assessment of loss of comfort due to 0.54%| 1.05%| 0.36%| 2.80%
tight turning radii on cycling path
Riding Comfort | Assement of riding comfort with 4.14%| 1.50%| 2.34%| 6.60%
Index reference to surface type
Shaded Length | Assessment of protection from wether| 1.44%| 1.20%| 2.34%| 4.80%
in terms of shade/shelter over cycling
path
5 o o o o Cross Slope Inde| Assessment of water runoff capability | 1.98%| 3.00%| 4.32%| 0.60%
€ % % % % and comfortable riding cross slope
o — — — N
@) Longitudenal Assessment of comfortable riding 1.98%| 1.95%| 1.98%| 2.80%
Slope Index longitudenal slope
Ramp Slope Inde| Assessmendf comfort of ramps 1.62%| 1.95%| 3.42%| 0.40%
provide to access egress from cycle
path.
Parking Assesment of cycling comfort in terms| 6.30%| 4.35%| 3.24%| 2.00%
Availability Index | of availability of safe and secure cycle
parking
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Parking Assesment of cycling comfort in terms| 1.30%| 1.96%| 0.72%| 1.17%
Availability Index | of availability of safe and secure cycle
o parking
§ Eyes on Street | Attraction of cycling infrastructure in 0.95%| 1.54%| 1.84%| 4.94%
o © © © S terms of life/ activity along cycling path
g 0 ~ © S Maintenance Attractiveness of cycling infrastructure| 1.55%| 1.47%| 3.12%| 3.77%
E in terms of how well it is maintained
Landscaping Attractiveness of cycling infrastructure| 1.20%| 2.03%| 2.32%| 3.12%
in terms of along side landscaping/
plantation
Total 100%| 100%| 100%| 100% 100%| 100%| 100%| 100%
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8 Workshop Consultation

To ensure access by critical users to the tool, it was inevitable to expose CyLOS to various
stakeholders through feedback and consultation workshops in four cities. The cities chosen
were Bhopal, Hyderabad, Chandigarh and Guwahati. The feedback ses§idiLO% was
included as part of a full day workshop which focused on Sustainable TragdgbiT Policy
Planning and Design.

It was since inception intended that a collaboration with a local or a central CSO/NGO as a third
party assessor shall be taken ipthe final feedback/consultation stage. This CSO/NGO should
be equipped with adequate background knowledge of the project as well issues concerning
NMT infrastructure planning and implementation.

While the local/central CSO shall provide and impartiabitparty review of the process and

the tool, the workshops will include gathering comprehensive stakeholder, based review of the
tool. Such information shall also be useful to validate, calibrate and if required upgrade the
tool. The CSO/NGO shall alsoré access to city officials and city level decision makers to
facilitate better ceordination of city level workshops.

SGArchitects collaborated with the Institute of Democracy and Sustainability headed by
Rajendra Rauvi, for all four city workshops. Rdja Ravi and his organisation has credible
acknowledgement as a national level CSO. Their work has been synonymous with social action
and training in India. He is also a member of Sustainable Mobility Network-{&t)Mindia.

Each city had representa@g on behalf of IDS or sister organisation to delve into discussion and
raise relevant issues not only contributing to the CyLOS session but also the other sessions in
the workshop

8.1 Program

The program included four sessions which were presented undeaiBabte Urban Transpodgt
NMT Policy, Planning and Design. The workshop was closely crafted by starting with the
national policyg National Urban Transport Policy 2014 prepared by Institute of Urban
Transport, Delhi. This was followed by the Non Motori$eahsport Policy and Planning and
Design Guideline for Cycle Infrastructure prepared by FRTPPelhi. These sessions provided
critical foundation of the cycling environment in India through policies and planning and design
interventions. CYLOS was oduced to the audience as the final session where the tool
focused the evaluation of the cycle infrastructure. Eminent Speakers presented relevant
sessions followed by discussion with the audience.
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Hosted by
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Figure33: Workslop Speakers

8.2 Target Audience

The workshop comprised of participants ranging from municipal offigaleernment sector,
private organisations, consultarksrchitects, planners, engineers, academicians, students, non
government organisations and civil society working on cycling.

\ L YO

Figure34: Workshop andDiscussions

8.3 Findings and Comments

The presentation of the CYLOS tool included the introduction and use of tool on the web
format. Mr. Sandeep Gandhi also included some case examples which illustrated how the
output/results can be compared. This gave the audience an insight into use o6 taohlyze

context and design in their city and use it as an empirical evidence to assist in decision making.

Since the CyLOS tool is based on Planning and Design Guideline for Cycle Infrastructure, the
forms also took a feedback of if the guideline pd®d adequate information for the user to
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understand the planning, design and implementation aspects of cycle infrastructure, which
further assists the use of the tool.

In all the workshops, the following were the findings:

1. Quality of visual and audio mterial: The presentation was well accepted with an average
rating of good. 22%53% of the participants rated it as excellent. None rated it as bad.

2. Legibility and quality of communication60%- 70% of the participants rated the quality of
the communcation as good. Summarizing the complexity of cycle infrastructure and the tool
into a brief presentation was appreciated.

3. Quality and quantity of the contentMore than 50% of the participantsund the quality
and content of the presentatioratisfactory 78% of participants in Guwahasted it as good.

4. Understanding of CYLOS tool & the know how to use it after the presentatiime initial
understanding was satisfactory. Almost 70% of the participants at Hyderabad and Chandigarh
understad the knowhow of the tool through the presentation.

5. Understanding of NMT Guideline & its usability foycle infrastructureplanning Above
60% of all participants rated their understanding and usability of guideline for cycle
infrastructure planning s.good.

6. Understanding of NMT Guideline & its usability foycle infrastructure @sign 22 %c 53 %
of all participants rated their understanding and usability of guideline for cycle infrastructure
design as excellent. In cities like Guwahati, the ésghating was 67% for good.

7. Understanding of NMT Guideline & its usability foycle infrastructureimplementation:
The understanding and usability for cycle infrastructure implementation was rated between
good and fair. No participant rated it as poo

8. Usefulness of CYLOS tool in the evaluation and audit of NMT infrastructline: tool was
well accepted by the participants. More than 60% of participants in all workshops gave it
thumbs up and considered it useful for their area of work.

9. Would yourecommend the use of CYLOS tool in your organiza®iddonsidering the utility
of the tool, the participants were most likely to use the tool in their organisations. 56% of the
participants in Bhopal were extremely likely to use the tool for their futneeks in cycling
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Additional Commentgeceived are as follows:

1. The presentation was explanatory and rich in content.
2. The legibility and quality of communication in the presentation was coherent and
simplified the complexity of cycle infrastructure intoetool.

3. Inclusion of more visual content was recommended.
4. Inputs/ parameters used are very good and measurable with least difficulty.
5. The tool is very useful and it gives a direct insight into how design and planning can be

evaluated by non technical petgpthrough simple data collection and understanding of

output scores.

Output results are informative.

The tool can help in auditing designs and save costs/ budget.

Web based platform assists in maximum outreach.

Strong recommendations were suggested tgplarize the tool through workshops and

awareness through training programs in academic institutions, municipal organizations.

10.As a measure to increase outreach, translation of tool into multiple languages was
suggested so that the state agencies and municipalities can use them easily.

11.The tool could be enhanced if there was an output that reflects financial implications
with change in design.

12.The score format can be changed to a scale of 1 to 10.

13.The output indicators currently are design based. One could enhance the tool by
including more social and economical heads.

14.Knowledge dissemination of the guideline document should thdleen up so that
authorities can use CYLOS with a technical khow.

15.Implication of certain aspects such as participatory planning approach or land
distribution should be included in the guideline / tool. Currently, it is totally design
based.

16.The guidehe document is comprehensive and good and needs to be used effectively to
get results on ground.

17.Implementation agencies, stakeholders involved should be identified in the guideline
document.

18. Also, budget allocation should also be well defined.

© ©NO
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9 Annexure

9.1 Annexure 1 z Components used in derived indicators z Corridor/ route
evaluation type.

Codes

Indicator

Components used in the formulas

Total Number of Crossings

Safe/Traffic calmed crossing no., number of unsignalized/ung
crossing ,number of majarossing, additional grade separate
cycle crossings in the segmefuot over bridges and subways,
% of Cycle crossing to be considered at grade separated
indicators contributing to the estimated total number of
crossings

Total Frequency of Crossin

length of segment, total number of crossingwicators
contributing to the estimated Total Frequency of Crossing

Number of Unsignalized
/Unsafe Crossing

% length divided, length of segment, Major Junction width,
Number of major crossingsafe/Traffic calmed crossing no.,
Minor Crossing widthindicators contributing to the estimated
Number of Unsignalized/Unsafe Crossing

Total number of Safe
Crossings

Number of major safe crossings, safe/Traffic calmed crossin
no- indicatorscontributing to the estimated Total number of
Safe Crossings

Total Frequency of Safe
Crossings

length of segment, total number of safe crossingslicators
contributing to the estimated Total Frequency of Safe Cross

Total Frequency of
unsignalized Crossings

length of segment, number of unsignalised/unsafe crossings
indicators contributing to the estimated Total Frequency of
unsignalized Crossings

Crossing Intensity

PHPDT Crossing Attraction, Weighted Average of Land use

Effective Width

Min.width, total shy away width, number of lanes, lane width
of carriage wayindicators contributing to the estimated
Effective Width

Safety Index of Crossing

crossing exposure index, crossing intensity, total number of
crossing, total number of crossing, total traffic calming inrdex
intersections and crossingmdicators contributing to the
estimated Safety Index of Crossing

Number of Major Crossings

no provision for crossing/ physically prevented from crossing
number of major junctionsindicators contributing to the
estimated number of major crossings

L1

Shyaway Width Left Side

peak hour traffic data in PHPDBicycle, passenger rickshaw,
goods rickshaw, primary adjacent vertical heights(left), shy
awaywidth- wall, vertical structuresindicators contributing to
the estimated Shy away Width Left Side

L2

Shyaway Width Right Side

peak hour traffic data in PHPDBicycle, passenger rickshaw,
goods rickshaw, primary adjacent vertical heights(right), shy
away width- wall, vertical structuresindicators contributing to
the estimated Shy away Width Right Side
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L3

Total Shyaway Width

shy away width left side, shy away width right sichelicators
contributing to the estimated Total Shy away Width

Numberof Major Safe
Crossings

number of major junctions, traffic calming used at intersectig
unsignalized junction, % of Cycle crossing to be considered
grade separated, primary cyclist crossing type across the
road(overpass or underpassjdicators contibuting to the
estimated Number of Major Safe Crossings

Crossing Exposure Index

vehicular speed safety index, exposure to MV lanes index,
Weighted avg. exposure to MV lariedicators contributing to
the estimated Crossing Exposure Index

Shaded_ength

Shading length Index, % length shadedicators contributing
to the estimated Shaded Length

Vehicular Speed

posted speed limits, observed peak spedddicators
contributing to the estimated Vehicular Speed

Total PBU

peak hour traffic databicycle, passenger rickshaw, goods
rickshaw, Passenger Bicycle ubitycle, bicycle with goods,
passenger rickshaw, goods rickshaw, breakup of captive bic
user share(as % of total captive usemjlicators contributing
to the estimated Total PBU

Frequency of Puncture
Index

Frequency of Punctures, length of midblock, number of cyclé
lane puncture indicators contributing to the estimated
Frequency of Puncture Index

Number of Cycle Lane
Puncture

service lane %, number of minor junctionsimber of property
entrances, length of midblock, Frequency of punctures on
service laneindicators contributing to the estimated Number
of Cycle Lane Puncture

Friction from Pedestrian
Index

infrastructure design at mid bloekegregated track, painte
lanes, unsegregated, common with footpathdicators
contributing to the estimated Friction from Pedestrian Index

Pedestrian Density Index

Space allocation per pedestrian, availability as percentage o
total segment lengthfootpath %, length of segment, Footpath
width, pedestrian speedndicators contributing to the
estimated Pedestrian Density Index

Parking Friction Index

infrastructure design at mid bloclsegregated track, painted
lanes, unsegregated, common with footpath, infrastructure
locationcycle track or segregated, Between street parking al
carriage way and angled parking, primary location of track/lg
on cross sectiorbetween on street parking and carriage way
private vehicles on street parking numbers along the segme
parallel parking, Parking lengtimdicators contributing to the
estimated Parking Friction Index

Relivence Index

XA, XB, XC, XD, Cycle track heiglex, Intersection relevence
Intersection boundry, Primary cyclist crossing type across fre
left turns or segregated left turn lanes, Cycle track height ind
Cyclist approach / access to intersectieindicators
contributing to the estimated relivece index
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XA

Primary segregation type from carriagewaysed median,
green belt, open drain, location of bus stap bus station on
curbside, bus stop in between cycle track and carriageway,
street category and speediighway, arterial, swarterial,
primary location of track/lane on cross sectiatong
carriageway, segregated tracks, segregation wittttlicators
contributing to the estimated XA

XB

street category and speedsollector/distributory, location of
bus stop no bus station orcurbside, bus stop in between cycl
track and carriageway, carriageway traffic(along segmeht$
and R.H.S, one way, primary segregation type from
carriageway not segregated, paint marking, raised median,
green belt, open drain, segregation width, primaocation of
lane/track on cross sectiealong carriageway, segregated
tracks, parallel parking, independent parking, no parking,
carriageway trafficone way indicators contributing to the
estimated XB

XC

street category and speedaccess, paintethnes, primary
location of track/lane on cross sectioalong carriageway,
unsegregatedindicators contributing to the estimated XC

XD

street category and speedimdependent track/facility, primary
segregation type from carriagewayot alongcarriageway,
primary location of track/lane on cross sectiolependent or
standalone, common with footpattindicators contributing to
the estimated XD

Riding Comfort Index

riding comfort index, primary surface typasphalt, concrete,
smooth tiled, ough finish paver blocks, conc. Skabslicators
contributing to the estimated Riding Comfort Index

Al

Service Lane %

street category and speediighway, arterial, sub arterial,
service lane, service quality indemdicators contributing to the
estimaed Service Lane %

Bl

Footpath % Index

% of footpath indicators contributing to the estimated
Footpath % Index

C1

Parking Length

angled parking, parallel parking, independent path, private
vehicle on street parking numbers along segment(PCU), par
parking lengthindicators contributing to the estimated Parkin
Length

C2

Parking Length(IPT parking

IPT parking bays provideld? T parking bays number, IPT
standard width indicators contributing to the estimated
Parking Length(IPT parking)

C3

Percentage of parking over|
the segment

parking length(private vehicles), parking length(IPT), length
midblock indicators contributingo the estimated Percentage
of parking over the segment

D1

Hawking Friction Index

Hawking Friction Index, frequency of hawkenglicators
contributing to the estimated Hawking Friction Index

El

Frequency of Hawkers

length of midblock, hawking zones provided, number of
hawkers, Friction caused by hawkenawking zones provided,
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hawking zones not providedhdicators contributing to the
estimated Frequency of Hawkers

F1

Vehicular Speed Safety
Index

Vehicular speedafety Indexindicators contributing to the
estimated Vehicular Speed Safety Index

Gl

Exposure to MV Lanes Indg¢

Exposure to MV lane Index, primary cyclist crossing type ac
intersecting roadscrossing with or without marking, raised
crossingsignalized with or without raised crossing, grade
separated(overpass or underpass), no provision for
crossing/physically prevented from crossing, carriageway trg
along segmentnumber of lanes per directienndicators
contributing to the estimated Exjsure to MV Lanes Index

H1

PHPDT Crossing Attraction
Index

total number of cyclist, total number of cyclist PHRdlicators
contributing to the estimated PHPDT Crossing Attraction Ind

J1

Turning Radius Index
(MIDBLOCK)

Turning Radius, minimum turnimgdius for cyclistindicators
contributing to the estimated Turning Radius Index (MIDBL(

K1

Obstruction Index
(MIDBLOCK)

Infrastructure type Painted lanes, unsegregated, right angle
parking, parallel parking, street parking, Frequency of
Obstruction, Parallel parking over cycle lane/ unsegregated/l
stop on the cycle track, Angled parking over cycle lane/
unsegregated indicators contributing to the estimated
Obstruction Index (MIDBLOCK)

LL1

Cross Slope Gradient Inde»
(MIDBLOCK)

cross slopgradient index(Intersections / midblocks), slopes
and gradientsminimum cross slope gradierindicators
contributing to the estimated Cross Slope Gradient Index
(MIDBLOCK)

M1

Longitudinal Slope
Index(MIDBLOCK)

Long. slope gradient index(Intersectionsidblock), slopes
and gradientsmax. gradient or longitudinal slopes(>3m
length} indicators contributing to the estimated Longitudinal
Slope Index(MIDBLOCK)

N1

Ramp Slope
Gradient(MIDBLOCK)

average ramp slopes used for level changes, Ramp. slope
gradent index(Intersections / midblockindicators contributing
to the estimated Ramp Slope Gradient(MIDBLOCK)

o1

Lighting Levels

lighting levels measured on cyclist patbsigned/observed
average lighting levels, street category and speeds
independenttrack/facility, highway, arterial, sub arterial
collector/distribuitory, access, Light levels at intersections ar
midblock indicators contributing to the estimated Lighting
Levels

P1

Lighting Uniformity

lighting levels measured on cycldth-designed/observed
average lighting uniformity, street category and speeds
independent track/facility, highway, arterial, sub arterial
collector/distribuitory, access, Light Uniformity at Intersectio
and midblockindicators contributing to the eghated Lighting
Uniformity

Q1

Cycle Specific Marking
Major junctions

presence of cycle specific signage and markimgcators
contributing to the estimated Cycle Specific Markiltajor
junctions
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e presence of cycle specific signage and markimgkcators
R1 Cyt_:le Speu_ﬂc Signage contributing to the estimated Cycle Specific Signdajor
Major Junctions .
Junctions
Intersection delay, average cyclist delay, Cyclist delay at
intersections, Infrastructure relevance and continuity index,
S1 | Cyclist Delay At Intersectioj Cycle infrastructure continuity, Cyclist approach / access to
intersection - indicators contributing to the estimated Cyclist
DelayAt Intersection
T1 Traffic Calming at traffic calming used at intersectiemdicators contributing to
Intersection Index the estimated Traffic Calming at Intersection Index
. demarcated cycle stacking spaces suchiks boxes provided
Cycle Box at Intersection | . . - .
Ul indicators contributing to the estimated Cycle Box at
Index )
Intersection Index
, . primary cyclist crossing type across intersecting resrdsfic
Vi Trafflc C_almlng other than calmed indicators contributing to the estimated Tifec Calming
intersection . )
other than intersection
average lighting levels, street category and speeds
L independent track/facility, highway, arterial, sub arterial,
Lighting Levels at o . ) :
X1 Intersection collector/distributory, access, Light levels at intersections an
midblock indicators contributing to the estimated Lighting
Levels at Intemsction
average lighting uniformity, street category and speeds
independent track/facility, highway, arterial, sub arterial,
Lighting Uniformity at coIIector/_dlstrlbutory, access, Ilghtl_ng I_evels meas_ured_ on cy
Y1 Intersection path-designed/observed average lighting uniformity, Light
Uniformity at Intersections and midbloekndicators
contributing to the estimated Lighting Uniformity at
Intersection
L . lighting levels(midblock) + lighting uniformity(midblock)
A4 nghtmg Quality Index indicators contributing to the estimated Lighting Quality Inde
Midblock X
Midblock
L : lighting levels(intersection) + lighting uniformity(intersection)
B4 Lighting Quallty Index indicators contributing to the estimated Lighting Quality Inde
Intersection )
Intersection
Overall Lighting Quality lighting ql_Jallty mdex(_mlc_iblock), length pf mld_block, length of
Cc4 Index segmentlighting quality index(intersectionjndicators
contributing to the estimated Overall Lighting Quality Index
peak hour traffic data in PHPDicycle, passenger rickshaw,
Z1 | Total No. of Cyclists goods rickshawindicators contributing to the estimated Total
No. of Cyclists
Land use(both sidesCom. Ret Facing Com.Ret, Com.Ret Fa
A2 Weigted Average of Resi/ Office, Com.Ré&cing others, Resi/ off facing Resi /off,
Landuse Resi/ off facing Others, Others facing othénslicators
contributing to the estimated Weighted Average of Landuse
5 : - . e —=
Trasit Station NMV Y% of_transn statl_ons c_ove_red_ with parklng_(wn_hln 100 m),
G2 PARKING Parking at transit stationsindicators contributing to the
estimated Trasit Station NMV PARKING
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J2

Cycle Parking

% of commercial/inst. Landuse served by parking(within 100
% of Cycle parkingndicators contributing to the estimated
Cycle Parking

Over all parking availability

index

transit station NMV parking, % of transit stations covered wit
parking(within 100 m), % of commercial/inst. Land use serve
by parking(within 200m), parkirlgnd use, usability of cycle
parking indicators contributing to the estimated Over all
parking availability index

M2

Maintenance

Maintenance entirely clean, well maintained and free from
debris, partly clean but mostly free from debris and/or with
minor maintenance requirement, mostly covered with debris
and/or in need of urgent repairs along majority length
indicators contributiig to Maintenance

N2

Landscaping

landscapingperiphery/edges include designed green cover,
street furniture and varied fagade, periphery/edges partly or
fully include green cover but lacks interesting fagcade and/or
street furniture along majority length, lack of designed green
cover andother landscaping elements and/or has long
monotonous facades along majority lengthdicators
contributing to the estimated Landscaping

02

Enforcement

Enforcement, well enforcedo encroachment by motorists an
parking along the entire segment lengttartly enforcedlight
motor vehicles encroach designated cycle infrastructure nea
intersections but no parking and no encroachment at mid blq
lack enforcementmotor vehicles routinely encroach and park
on designated infrastructurendicators contrilnting to
enforcement

P2

Usability of cycle track
facility

evaluation type evaluation of existing infrastructure or facility|
additional information for existing segment/routen case
designated cycle track or lane indicate average % of cyclistg
using facility along segmerindicators contributing to the
estimaed Usability of cycle track facility

R2

Usability of cycle parking

evaluation type evaluation of existing infrastructure or facility|
in case of designated cycle or rickshaw parking indicate ave
% of cyclists using facility along segmendicators
contributing to the estimated Usability of cycle parking

S2

Cyclemarking- midblock

marking and signag@resence of cycle specific marking
(excluding lanes)ndicators contributing to the estimated Cyc
marking- midblock

T2

Cycle signagemidblock

marking and signag@resence of cycle specific sign boards
indicators contributing to the estimated Cycle signage
midblock

U2

Overall cycle marking

cycle specific marking(major junctions), cycle
marking(midblock)indicators contributing to the estiated
Overall cycle marking

V2

Overall cycle signage

cycle signage(midblock), cycle specific signage(major junctiq
indicators contributing to the estimated Overall cycle signage
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W2 | PBU per effective lane pyqle signage(midplock), cycle ;pef'gnage(majorjungtions)
indicators contributing to the estimated Overall cycle signagg
infrastructure typesegregated tracks, painted lanes,
unsegregated, NMV width requirement, NMV width
requirement(segregated tracks), NM¥lume requirement per

X2 | Width sufficiency Index lane, NMV width requirement(painted lanes), NMV width
requirement index(common), width requirement index for
common cycle track and footpath(based on volumeglicators
contributing to the estimated Width sufficiency Index

, : infrastructure design at midbloekinimum width, NMV track
NMV width requirement . g A :

E4 (segregated tracks) width sggregategllndlcators contributing to the estimated
NMV width requirement (segregated tracks)

H4 | NMV volume requirement PBU per effective lane, NMV Volume/lamedicators
contributing to the estimated NMV volume requirement

NMV width requirement infrastructure design at mid bloakinimum width, NMV lane
14 . width (painted} indicators contributing to thestimated NMV
(painted lane ) . . .
width requirement (painted lane )
Width requirement index | infrastructure design at mid bloekinimum width, NMV track
14 for common cycle track width requirement index(common)(based on measurement)
footpath(based on indicatorscontributing to the estimated Width requirement
measurement) index for common cycle track footpath(based on measureme
. length of midblock, number of obstruction on bicycle path
K4 Fr_equency of obstructions indicators contributing to the estimateBrequency of
midblock . :
obstructions midblock
Infrastructure Type, length of segment, number of major

L4 Length of Midblock intersections, Major Junction widitlindicators contributing to
the estimated Length of Midblock
evaluation type evaluation of existing infrastructure, midblock

M4 Midblock Accident safety | risk index, estimated midblock risk, Midblock accident safety

Index index, Side edge drop inderdicators contributing to the
estimated Midblock Accident safety Index
Eyes on street (% of frequency of hawkers, % of Segment which has
N4 | Ssgment which has activity(Hawkers)indicators contributing to the estimated Ey¢
activity(Hawkers)) on street (% of Segment which has activity(Hawkers))
indicate the average annual numbef cyclist fatalities along

04 | Current Fatalities the segment, Fatalitiesndicators contributing to the estimate(
Current Fatalities
street category and speedsdependent track/facility, highway

P4 | Frequency of crossing inde arterial, subarterial, collector/distributory, access, Crossing
frequency indicators contributing to the estimated Frequency
of crossing index
primary intersection typeunsignalized junction, signalized
junction, one lane roundabout, two lane roundabout, rotary,

04 Total traffic calming index | grade separated(for vehicles), traffic calming at intersection

Intersections & Crossings | index, traffic calming at midblock index, %Qyfcle crossing to
be considered at grade separataddicators contributing to the
estimated Total traffic calming index Intersections &
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Crossings
: o fatalities/segment length, Midblock Risk Indéxdicators
S4 | Midblock risk index contributing to the estimated Midblock risk index
vehicular speed, primary segregation type from carriageway
T4 | Estimated midblock risk _pamt marking, reﬂ(_act(_)r _studs, Estlmate_d M_ldblock Risk, Cyc
infrastructure continuity indicators contributing to the
estimated midblock risk
. current fatalities, length of segmenindicators contributing to
U4 | Fatalities/ segment length the estimated Fatalities/ segment length
Width requirement index infrastructure type minimum quth, width requwe_ment for
commoncycle track footpathindicators contributing to the
W4 | for common cycle track ang : ) . .
estimated Width requirement index for common cycle track
footpath(based on volume)
and footpath(based on volume)
. percentage of parking over the segment, parking length
PLI" | Parking Length Index indicators contributing to the estimated Parking Length Inde
Width requirement for peak hqur traffic data in EHPDedest_rlans_, number of plcycle
pedestrian speed, Effective Lane widitidicators contributing
W4-1 | common cycle track . ) .
to the estimated Width requirement for common cycle track
footpath
footpath
Width requirement for peak hqur traffic data in I_DHPDedest_rlans_, number of _blcycle
pedestrian speed, Effective Lane widiidicators contributing
W4-2 | common cycle track . : .
to the estimated Width requirement for common cycle track
footpath
footpath
. . peak hour traffic data in PHRIPedestrians, number of bicycle
Width requirement for : . . . S
pedestrian speed, Effective Lane widiidicators contributing
W4-3 | common cycle track . . .
to the estimated Width requirement for common cycle track
footpath
footpath
Width requirement for peakhogr traffic data in P_HP-[ibedest_rlans_, number of _blcycle
pedestrian speed, Effective Lane widiidicators contributing
W4-4 | common cycle track : : :
to the estimated Width requirement for common cycle track
footpath
footpath
Width requirement for peak hqur traffic data in I_DHPDedest_rlans_, number of _blcycle
pedestrian speed, Effective Lane widiidicators contributing
W4-5 | common cycle track . . .
to the estimated Width requirement for common cycle track
footpath
footpath
availability as percentagef total segment lengthservice lane
: L %, quality in terms gbercentage of service lane and footpath
SQI' | service lane quality index meeting different gradesservice lane% of A, % of -Bndicators
contributing to the estimated service lane quality index
availability as percentage of total segment lendibotpath %,
i quality in terms opercentage of service lane and footpath
FQI | footpath quality index meeting different gradesservice landootpath- % of A, % of B
indicators contributing to the estimated footpath quality inde
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cIc Cycle infrastructure Cycle infrastructure continuity at minor junctions, Cycle

continuity index infrastructure continuity at property entrances

B5 Blinkers and signages at

Minor junction Provision of warning such as blinkers and signboards
Cycle path width reduction
SS1 | at intersection Width of cycle track / lane reduction (by more than 0.3m) o
approach(more than 0.3 m) approaching to the junction
Cyclist Approach/access Hie Intersection segregated, cycle
. lane, unsegregated, common, stand alone, Street Category
Cyclist approach / access ti
SS2 | . . Speedscollector road, access road, Infrastructure Type
intersection : .
segregated tracks, paintedras, unsegregated ,common with
footpath
Street Category and Speedisdependent track, highway,
arterial, sub arterial, collector, access, Primary intersection

Xl | Intersectionrelevance type- signalized junction, unsignalized junction, one lane rou
about, two lane round about, rotary, grade separated(for
vehicles)

Street category and speedsighway, arterial, suarterial,

IBI | Intersection boundary collector, primary cycle_mfrastructure_along mterseqﬂon
boundary painted marking on the periphery along circular
road, no segregation/demarcatiesommon with carriageway
street categories and speedsdependent track, arterial,

Primary cyclist crossing typ collector, distributory, Primary cyclist crossing type across fr

PCCT| across free left turns or left turnsor segregated left turn lanesrossing marked across

segregated left turn lanes | carriageway, raised crossing, grade separated(underpass of
overpass), signalized crossing

PCI | Parking cost index Parking cost rupees per day

CHI | Cycle track height index street categonand speedsmdependent track, Average heigh
above/below road surface (main carriageway)

SED | Side edge drop Primary adjacent vertical edge heights

SEDI | Side edge drop index Side edge drop
Cycle infrastructure Infrastructure Typesegregated tracks, painted
CICM| continuity atminor lanes,unsegregated, common with footpath, Primary type of
junctions crossing for cyclists across vehicular pathcarriageway level,
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level of cycle track remains same(above carriageway), at
footpath level

Infrastructure design at mid bloeSegregated tracks, painted

Cycle infrastructure lanes, unsegregated, common with footpath, Primary type of
CICP | continuity at property crossing for cyclists across vehicular pathcarriagewayevel,
entrances level of cycle track remains same(above carriageway), at

footpath level

9.2 Annexure 2 z Components used in derived indicators -Transit access area
evaluation type.

Codes| Indicator Components used in formula
e Street category andpeedsindependent track/facility, highway, arterial, sub
Accessibility ; o . -
P4 index arterial, collector/distributory, access, Crossing frequemgicators

contributing to the estimated Frequency of crossing index

Y4 | Link density | Number of links, Accessibility influence zoadius

Link density
index

Y3

Link density

9.3 Annexure 3 z List of the participants (NMT workshop)

Participants Name From

Dr. Geetam Tiwari [IT- DELHI

Miss Aloke Parna [IT- DELHI

Miss Leeza Malik IIT- DELHI
Mr.Ravi Gadepalli Shakti Foundation
Mr.Ranjit Gadgil Parisar

Dr. Joseph Fazio Fazio Engineerware
Prof.Girish aggarwal [IT- DELHI

Miss Ruchi Varma SGArchitects

Mr. Nilesh Bansal SGArchitects

Mr. Parvesltsherawat I-Trans
Mr.Sandeep Gandhi SGArchitects
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9.4 Annexure 4 z Feed Backforms (NMT worksho p)
AHP forms for road indistructure type are as follows:

S.No. 1

Surveyor: Sandeep Respondent: Leeza Malik

Date:
17/12/13

S. No.

Which one of the two is preferred? By how much?

Score

Coherence, or the degree to which the cycling infrastructure is legildgdiist,
is continuous, integrated and networked

Directness, or the measure impacting the the travel time and speed of cyclis

Coherence, or the degree to which the cycling infrastructure is legible to cyg
is continuous, integrated andetworked

Safety, or the measure of infrastructures ability to protect the cyclist from
crashes/accidents and crime

Coherence, or the degree to which the cycling infrastructure is legible to cyg
is continuous, integrated and networked

Comfort, or the ability of the infrastructure to ensure a comfortable ride for
cyclists in terms of surface quality and protection from environment

Coherence, or the degree to which the cycling infrastructure is legible to cyg
is continuousjntegrated and networked

Attractiveness, or the the property of the infrastructure to provide a visually
physically pleasing environment for cycling

Directness, or the measure impacting the the travel time and speed of cyclis

Safety, or themeasure of infrastructures ability to protect the cyclist from
crashes/accidents and crime

Directness, or the measure impacting the the travel time and speed of cyclig

Comfort, or the ability of the infrastructure to ensure a comfortable ride for
cyclists in terms of surface quality and protection from environment

Directness, or the measure impacting the the travel time and speed of cyclis

Attractiveness, or the the property of the infrastructure to provide a visually
physicallypleasing environment for cycling

Safety, or the measure of infrastructures ability to protect the cyclist from
crashes/accidents and crime

Comfort, or the ability of the infrastructure to ensure a comfortable ride for
cyclists in terms of surfaaguality and protection from environment

Safety, or the measure of infrastructures ability to protect the cyclist from
crashes/accidents and crime

Attractiveness, or the the property of the infrastructure to provide a visually
physically pleasingnvironment for cycling

10

Comfort, or the ability of the infrastructure to ensure a comfortable ride for
cyclists in terms of surface quality and protection from environment

Attractiveness, or the the property of the infrastructure to provideisually and

physically pleasing environment for cycling
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9.5 Annexure 5 z Survey Form for School Children z English Version

CyLOS, Cycling Level of Service Tool, 2014

CyLOS is a tool that helps planners and designers to plan and develop safe and convenient cycling paths and
facilities. Such cycling infrastructure will be useful for short commutes within the city, including trips to school, to
local shops, work places, etc. The following questionnaire shall assist in enhancing the performance of the tool. You
are requested to fill in the basic details on this page, and select a road type which best resembles the road that you
may be using to reach the school (tick against one image). In the subsequent forms, please select one of the two
given features (in each row) that you prefer. To rate your preference level of one feature over the other, please
input a score (1 to 9), where 1 means that both features are equally preferred and 9 means that the selected
feature is extremely preferred over the other.

Name

AMIT SHARMA I Age | 16 |

Gender {M/F)

Class

10

Section

A

School

Sarthak Senior Secondary School

City

Lucknow

How do you come to school? { TICK (V) ONE )

Walk

Van Car

Cuce Rickshaw

Cycle | Bus

Scooter/Motor

Cycle

Others
{Specify)

What type of road is connecting your home to school?

MAJOR ROAD,
WITH HIGH
SPEED MOTOR
VEHICLES

NOT VERY
WIDE, MAIN
ROAD WITH

FEW CARS AND
TWO
WHEELERS

NARROW
ROAD WITH
SHOPS OR
HOUSES ON
BOTH SIDES,
LESS CARS,
MORE PEOPLE

TICK (v) ONE

NO ROAD -
PATHS OR
LANES GOING
THROUGH
PARK OR
OTHER OPEN
AREAS

Please Courier/post forms to: SGArchitects, 6151/8, Sector D, Pocket 6, Vasant Kunj, New Delhi — 110070
Email: design@sgarchitects.in, Tel: 011-42147521, web — www.sgarchitects.in
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CyLOS, Cycling Level of Service Tool, 2014

PREFERENCE SCORE

Equally Preferred

Moderately Preferred

Strongly Preferred

Very Strongly Preferred

O N ]| W] —

Extremely Preferred

EXAMPLE

WHAT DO YOU PREFER? {CHOOSE ONE and TICK MARK IN THE BOX GIVEN) SCORE - BY HOW MUCH do you

prefer apple over orange?

APPLE

¥ 7

What features in a proposed cycling facility do you prefer for cycling to/from school?

Tick mark the preference between features (each row) and add a prgference score for the selected

SELECT ROAD TYPE

| ARTERIAL /COFLECTOR / ACCESS / STANDALONE[SCORE

DIRECTNESS

Prevention from\cyﬁ)oter parking along
your cycling path

Prevention from car/sgooter parking along Prevention from other vehicles using your 9
1 your cycling patb\/n cycling path
Prevention from car/scooter parking along Removal of obstruction like poles, 5
2 lyour cycling path potholes, Vésurface, etc from your
cycling pat
Prevention from car/sgboter parking along Adequate width of your cycling path 5
3 |your cycling |::atl\/6
Prevention from car/scooter parking along PreventioWkers/street vendors 4
4 lyour cycling path standing i ur cycling path
Reducing number of vehicle crossings cycle 3

path to enter road, gate, petrol pump, etc

Prevention from ther parking along
your cycling path

Preventing pedestrians walking on your 3
cycling path?

Prevention from car/scooter parking along
your cycling path

Less wai\tinyime atred light 7

Prevention from car/scgdter parking along
your cycling path

Cycle path which is 3
clean,well-maintained, free from

Prevention fromyooter parking along
your cycling pat|

Smooth turnings which does not reduce your 3
speed

Prevention from othepvehicles using your

Removal of obstruction like poles, £

cycling path?

10 | eyeling path \ potholes, broken surface, etc

Prevention from Bthe\%:hicles using your Adequate width of your cycling path 7
11 ¢eyeling path

Prevention from other yehicles using your Prevention of hawkers/street vendors 3
121 eycling path \/ standing in your cycling path?

Prevention from othepvehicles using your Reducing number of vehicle crossings cycle 9
13 | eyeling path \ path to enter road, gate, petrol pump, etc

Prevention from othepAehicles using your Preventing pedestrians walking on your 5
14 | eyeling path

15

Prevention from other vehi\cley(sing your
cycling path

Reduced waiting time at red light 5

Please Courier/post forms to: SGArchitects, 6151/8, Sector D, Pocket 6, Vasant Kunj, New Delhi — 110070
Email: design@sgarchitects.in, Tel: 011-42147521, web — www.sgarchitects.in
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| CyLOS, Cycling Level of Service Tool, 2014

What features in a proposed cycling facility do you prefer for cycling to/from school?

Reducing number ofwiehicle crossings cycle path
to enter road,gaj€, petrol pump, etc

Tick mark the preference between features (each row) and add a preference score for the selected
SELECT ROAD TYPE ARTERIAL /-COALECTOR / ACCESS / STANDALONE[SCORE |
Prevention from other vehicles using your Cycle path which is z
16 |cycling path \/e clean,well-maintained, free from
Prevention from oWicles using your Smooth turnings which does not reduce your 3
17 |cycling path speed
Removal of obstruction like poles, Adequate widtf of your cycling path 5
18 |hroken surface, etc from cycling path \/
Removal of}o“l?yﬂction like poles, Prevention of hawkers/street vendors 7
19 |broken surfe€, etc from cycling path standing in your cycling path?
Removal of obstruction like poles, Reducing numbgr of vehicle crossings cycle 3
20 |proken surface, etc from cycling path path to en{e}/éd, gate, petrol pump, etc
Removal of obstruction like poles, Preventing pedestrians walking on your 5
21 |proken surface, etc from cycling path cycling pat\h?
Removal of obstrugfon like poles, Reduced waiting time at red light 5
22 |hroken surfac c from cycling path
Removal of obstryetion like poles, Cycle path which is 7
23 |broken surfacdy&tc from cycling path clean,well-maintained, free from
Removal of obstruction like poles, Smooth turnings which does not reduce your 3
24 |broken surfacQ, c from cycling path speed
Adequate clear widtlf of your cycling path Prevention of hawkers/street vendors 5
22 \/ standing in your cycling path?
Adequate clear width of your cycling path Redu;yumber of vehicle crossings to £
26 enteMdroperty entrances, petrol pump, etc
Adequate clear\vyﬂ of your cycling path Preventing pedestrians walking on your 3
27 cycling path?
28 |[Adequate clear width of your cycling path LMjﬁg time at red light 3
Adequate clear wi of your cycling path Cycle path which is 5
29 & clean,well-maintained, free from
30 |Adequate clear yvid}}(ofyour cycling path Smooth turnings which does not reduce your 5
31 |Prevention of haw%rs/street vendors standing |Reducing nuphber of vehicle crossings cycle 9
in your cycling path? path t\?zf'road, gate, petrol pump, etc
32 [Prevention of hawkers/street vendors standing |Preventing pédestrians walking on your 5
in your cycling path? cyclingﬁn}l’f?é
33 Preventionmoyﬂkers/street vendors standing |Reduced waiting time at red light 5
in your cyc pat‘h?
34 Prevention\t;i?ﬁkers/street vendors standing |Cycle path which is clean,well-maintained, 7
in your cycling path? free from garbage, etc
35 [Prevention of hawkers/street vendors standing [Smooth turpihgs which does not reduce your 3
in your cycling path? speed\/m
36 | Reducing number of vehicle crossings cycle path [Preventing Ipédestrians walking on your 5
to enter road, gate, petrol pump, etc cyclin ?
37 |Reducing m{ny)f vehicle crossings cycle path |Reduced waiting time at red light 7
to enter roa ate, petrol pump, etc
38 |Reducing number of vehicle crossings cycle path [Cycle path which is clean,well-maintained, 3
to enter road, gate, petrol pump, etc free frgm )Jbage, etc
39 Smooth‘iurnings which does not reduce your 5

speed

Please Courier/post forms to: SGArchitects, 6151/8, Sector D, Pocket 6, Vasant Kunj, New Delhi — 110070
Email: design@sgarchitects.in, Tel: 011-42147521, web — www.sgarchitects.in
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CyLOS, Cycling Level of Service Tool, 2014

What features in a proposed cycling facility do you prefer for cycling to/from school?
Tick mark the preference between features (each row) and add a preference score for the selected
SELECT ROAD TYPE ARTERIAL /MECTOR / ACCESS / STANDALONE|SCORE
40 |Preventing pedestrians walking on your cycling |Less waiting tjfie at red light z
path?
41 |Preventing pedestpfans walking on your cycling |Cycle path which is clean,well-maintained, 3
path free from garbage, etc
42 |Preventing pedestrians walking on your cycling |Smooth turning€ which does not reduce your 5
path? speed
43 |Less waiting time ajred light Cycle path which is clean,well-maintained, 7
free from garbage, etc
44 |Less waiting time at péd light Smooth turnings which does not reduce your 3
speed
45 |Cycle path which is clean,well-maintained, free |Smooth turnings which does not reduce your 5
from garbage, etc speed

Please Courier/post forms to: SGArchitects, 6151/8, Sector D, Pocket 6, Vasant Kunj, New Delhi — 110070
Email: design@sgarchitects.in, Tel: 011-42147521, web — www.sgarchitects.in
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CyLOS, Cycling Level of Service Tool, 2014

PREFERENCE SCORE

Equally Preferred

Moderately Preferred

Strongly Preferred

Very Strongly Preferred

Extremely Preferred

O Al wn| W]~

EXAMPLE

WHAT DO YOU PREFER? {CHOOSE ONE and TICK MARK IN THE BOX GIVEN)

SCORE - BY HOW MUCH do you
prefer apple over orange?

APpLE g

7

What features in a proposed cycling facility do you prefer for cycling to/from school?

Tick mark the preference between features (each row) and add a preference score for the selected option

[ SELECT ROAD TYPE | ARTERIAL/ COLAEETOR / ACCESS / STANDALONE  [SCORE
ATTRACTIVENESS

1 Safe Cycle parking availajle close to your Pleasing, nice and attractive environment including 5

destination plants, benches, nice lighting, etc

Safe Cycle parking available close to your Cycle path which is glean,well-maintained, free from 7
2 Destination garbage, etc \/
3 Safe Cycle parking avgitable close to your Presence of activities such as shops and 3

destination hawkers/vendors along the cycling path

Pleasing, nice and attractive environment Cycle path which is clean,well-maintained, free from 7
4 [including plants, benches, nice lighting, etc  |garbage, etc \/

Pleasing, nice and attractive environment Presence of activities such as shops and 3
5 |including plants, benches, nice lighting, etc hawkers/vendo\rs/ah'mg the cycling path

Cycle path which is clegn,well-maintained, |Presence of activities such as shops and 5
6 free from garbag c hawkers/vendors along the cycling path

Please Courier/post forms to: SGArchitects, 6151/8, Sector D, Pocket 6, Vasant Kunj, New Delhi — 110070
Email: design@sgarchitects.in, Tel: 011-42147521, web — www.sgarchitects.in
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9.6 Annexure 6 z Survey Form For School Children z Hindi Version
The same form was being translated in Hindi version for better understanding. The sample of
Hindiversion surveyorm isas follows:

CyLOS, arsfarfein ot @ar o1 X a1 3qevor, 2014

CyLOS HITFEIAT YT T U TFR § i ArsterisRt AR Bamgent # grfra s glaenses arsfae ou ik gl 6 arser
Tl Fet  7ag AT E. 36 ¥ Wsfha Ao & gRAT @, AR i AT S Y T gEet & v amw,
o & AT W, F19 F TE g & aE, F o @it 3R sTaeh gh eefafa maadt sTeer § wede
I g F FEFAT FM. 3T H A §H FOAN 37 9o W IAIIE! Fazor s T vah T3 TR 1 9F1 T Sl FeR Tl
T UG Y T T R R, A& F T A, W IE WA A GRS 317 F I, 39 F5h R 370G A, 0
W e T, HRIE 3T ol e g e, & #1gcd AR 3 &I, g 3 R U T Y 370+ g T YT 3 & folg, Aiged
TR FAYE HTAT (1-9), STl 1 1 Feerdl § o Qi Faensi saen § g R @ E, 3R 9 1 wderw ¥ & wafda gl aga
s weg fFar S &

a e T ECIEE T (Y AR | TR

e 10 regHTaT &
TFAF AR | T aftss ATAfAS e TRFTAH | TGAS
3 39 T & AU AT ER ( 0F W R (v) Fm)

o iR /AT | I
Qﬁn@ﬁr«r’@ﬂéﬂﬂ_«"waﬂm :

wrghea (saTT)
A YR FF 9+ GTH THe F A2 ( wﬁ'imimm
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9.7 Annexure 7 z Survey Audit Form.
The form below should be used by the surveyor to collect data from site and fill the forms. The
data collection form for Corridor/Route and Transit access influence area is same.

DATA COLLECTION FORM

Name of road: Date:

Name of surveyor: Time:

Total number of segments:

Segment Number:

Instructions to fill the forms:

1. There are six sections in tleatire form which includes:
a) Common form for the entire segment
b) Observation sheet (Day time)LHS
c) Observation sheet (Day time)RHS
d) Observation sheet (Night time)LHS & RHS
e) Description sheet (Day and Night time)

2. * - This symbol indicates tefer description sheet. The category to be filled is explained
in the description sheet for the respective item.

3. For proper information data should be collected in peak hour time. Also complete form
should be filled in one time slot.

4. Each segment shoulak divided in a range of 200 m up to 800 m. If the segment is
more than 800m long a separate form can be used.

a. Common Survey for Entire Segment

S.No.
1 Type of Road (Tick any one)

Highway
Arterial/ Sub Arterial (3080 m)
Collector/Distributor (1230 m)
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Local (6-15 m)

Independent track/facility(upto 6m)

Carriageway traffic along segment (Tick any one)

LHS & RHS (2 way)

One Way (LHS)

One Way (RHS)

Independent path

Right of way (ROW)

No. of lane

Segment Length (km)

Posted speed limit

~N/ojo|b~lw

Peak hour Traffic data

No. of motor vehicles (PCU)

No. of Bicycle

No. of auto rickshaw

No. of goods rickshaw

No. of Pedestrians

Bicycle user share

Passenger onlgno.)

Passenger with goods (no.)

Type of Cycle track/lane (Tick any one)

Segregated track

Painted track

Unsegregated (common with carriageway)

Common with footpath

10

Location of cycle track/lane (Tick any one)

Along carriagevay

Along footpath

Along property edge

On the median

Between on street parking & carriageway

Between service lane & property edge

Independent Standalone

11

Surface Type (Tick any one)

Asphalt

Concrete

Smooth tiled

Paver blocks

Concrete slabs

Others

12

Cycle parking cost (rupees per day)

SGArchitects
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13

Primary Intersection type (Tick any one)

Signalized junction

Unsignalized junction

One lane roundabout

Two lane roundabout

Rotary

Gradeseparated

Not applicable

If Intersection type is not applicable then 1123 are not to be filled.

14

No. of major junctions

15

Observed wait time at the junction

16

Traffic calming at intersections (Yes/No)

17

Demarcated cycle stacking spaces at intersection (Yes/No)

18

Primary cyclist crossing type across intersecting roads (Tick any one)

Crossing with or without marking

Raised crossing

Grade separated (underpass or overpass)

Signalized witlor without raised crossing

No provision for crossing/ physically prevented from crossing

19

Primary cyclist crossing type across free left turns or segregated left turn lanes (Tick any on

Crossing marked across carriageway

Raised crossing

Grade separated (underpass or overpass)

Segregated left turning lanes exists

20

Primary cycle infrastructure along intersection boundary (Tick any one)

Segregated from carriageway and footpath

Common with footpath but segregated frooarriage way

Painted marking on the periphery along circular roadway

No Segregation/demarcationcommon with carriage way

21

Width of cycle track/lane at the junction (m)

22

Cyclist approach to the Intersection (Tick any one)

Segregatedrack

Cycle lane (painted)

Unsegregated

Common cycle track and footpath

As part of or along service lane

Stand alone

23

Additional grade separated cycle crossings in the segment

Foot over bridges (no.)

Subways (no.)

24

Primary speed/conflict control measure used at mid block cyclist or pedestrian crossing (Tic

one)

SGArchitects
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Traffic calmed

Pedestrian signal with or without traffic signal

b. Observation Sheet (Day)LHS

S.No. Chainage O-riOO 20%;]400 40]%600 60%;]800 Average/Min.

1 Shaded length % on Cycle track/lane
% length of divided carriageway in the

2 segment

3 Observed peak speed

4 Land use*

5 Length with service lane

6 Quality of service lane(Good, Bad, poor)*

7 Length of Footpath

8 Quality of footpath (Good, Bad, Poor)*

9 No. of hawkers present

10 No. of parked IPT

11 | No. of parkedorivate vehicles on carriageway

12 | Height of cycle track/lane wt. to carriageway

13 | Minimum width of cycle track/lane
Segregation width between cycle

14 track/lane/path & carriageway
Edge height Left Side

15 Right Side

16 Minimum Turning Radius

17 No. of obstructions

18 | Slope of Ramp*

19 Presence of cycle specific sighage & markil

20 Location of bus stop*

21 | No. of property entrances

22 | No. of secondary lane entrances / minor
junctions

23 | No. of signalised or traffic calm
pedestrian/cycling crossings at carriageway
Level of cycle track/lane crossing at minor

24 | junction/collector road entrance*

o5 Level of cycle track/lane crossing at property
entrance*

26 | No. of cycle/NMV parking

27 Quality & maintenance of Cycle track/ lane
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28 | Quality of landscaping & environment
Encroachment on cycle track/lane by private
29 | vehicles*(refer description sheet)
Approx. % of totatyclist using bicycle
30 | infrastructure
a1 Approx. % of total NMV parking using

designated parking NMV bays

c. Observation Sheet (Day)RHS

S.No. Chainage O-riOO 20%;]400 40]%600 60%;]800 Average/Min.

1 Shaded length % on Cycle track/lane
% length of divided carriageway in the

2 segment

3 Observed peak speed

4 Land use*

5 Length with service lane

6 Quiality ofservice lane(Good, Bad, poor)*

7 Length of Footpath

8 Quality of footpath (Good, Bad, Poor)*

9 No. of hawkers present

10 | No. of parked IPT

11 | No. of parked private vehicles @marriageway

12 | Height of cycle track/lane wt to carriageway

13 | Minimum width of cycle track/lane
Segregation width between cycle

14 track/lane/path & carriageway
Edge height Left Side

15 Right Side

16 Minimum Turning Radius

17 No. of obstructions

18 | Slope of Ramp*

19 Presence of cycle specific signage & markil

20 Location of bus stop*

21 | No. of property entrances

22 | No. of secondary lane entrances / minor
junctions

23 | No. of signalised or traffic calm
pedestrian/cycling crossings at carriageway
Level of cycle track/lane crossing at minor

24 | junction/collector road entrance*
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Level of cycle track/lane crossing at property
25 entrance*
26 | No. of cycle/NMV parking
27 | Quality & maintenance of Cycle track/ lane
28 | Quality of landscaping & environment
Encroachment on cycle track/lane by private
29 | vehicles*(refer description sheet)
Approx. % of totatyclist using bicycle
30 | infrastructure
Approx. % of total NMV parking using
31 | designated parking NMV bays

d. Observation Sheet (Nigh LHS and RHS

OBSERVATION SHEET (NIAHS

S.No. Chainage 0-200 | 201-400 401-600 601-800 | Average/Min.
m m m m
Lighting on cycle trackux
1 level (40 lux, 20 lux, >10
lux)*
Lighting uniformity on
2 cycle track/lane/path
(Good, Bad, Poor)*
3 | No of hawkers
OBSERVATION SHEET (NIGRHS
S.No. Chainage 0-200 | 201-400 401-600 601-800 | Average/Min.
m m m m
Lighting on cycle trackux
1 level (40 lux, 20 lux, >10
lux)*
Lighting uniformity on
2 cycle track/lane/path
(Good, Bad, Poor)*
3 | No of hawkers
SGArchitects Pagel07
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e. Description Sheet (Day and Niglgl. HS & RHS

DESCRIPTION SHEET (DAY)

S.NO.| SURVEY FORMHS & RHS
4 | Land Use

Commercial /Retail

Residential
Others- Institutional, Recreational, Green, etc.

Commercial + Residential
Residential ©thers
Commercial + Others

omMmm|{O|O|m| >

Quality of service lane

Good (Grade A) Width >= 6m, Lighting level=18 lux, Uniformity =40 %, No Obstruct
Footpath- 1.8m, segregated

Bad (Grade B) Width 4.5m to 6m, Lighting level=15 lux, Uniformity =33 %, No
Obstructions, Footpath1.2 to 1.8m, segregated

Poor (Grade C) Width >=4.5m, Lighting level>15 lux, Uniformity =33 %, Obstructior]

present, Footpath 1.2, unsegregated

8 Quality offootpath

Good (Grade A) Width 1.8m, Heightl8 cm, No Obstruction, Excellent surface quality|
Proper cross slope, barrier free

Bad (Grade B) Width 1.8 to 1.5m , HeigH20 cm, Obstructions present but clear wid

1.2m achieved, Excellent surfageality, Proper cross slope, barrier
free, Pavement may not include tactile

Poor (Grade C) Width = 1.5m , Heigh20 cm, Obstructions present but clear width
1.2m achieved, Poor surface quality, Improper cross slope, Not
disabled friendly, Poosurface quality of pavement.

16 | Calculate turning radius

R=Y2+%8xY /N
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18 | Calculate slope
=1+ 12 . e
i) K
£
= =
L= length
19 | Location of Bus stop
A No bus shelter on kerbside
B Cycle track between bughelter & carriageway
C Bus stop between cycle track and carriageway
D | Bus stop on cycle track
24 | Level of cycle track/lane crossing at minor junction/collector road entrance
A | At carriageway level
B Level of cycle track remains same (aboa&iageway)
C | At footpath level
25 | Level of cycle track/lane crossing at property entrance
A | At carriageway level
B Level of cycle track remains same (above carriageway)
C | Atfootpath level
29 | Encroachment on cycle track/lane by privatehicles*(refer description sheet)
Well enforced No encroachment by motorist & no parking
Partly enforced Encroachment by motorist near intersections & no parking
Lack enforcement Motor vehicles routinely encroach & park on cycle track

DESCRIPTION SHEET (NIGHT)

S.NO.| SURVEY FORMT NIGHT

1 Lighting on cycle tracklux level
40 lux Distinguishable till 200 m
20 lux Distinguishable till 200 m
> 10 lux Distinguishable till 50 m

2 | Lighting uniformity level
Good No dark patches throughout the track/lane
Bad Clearly visible dark areas between light poles
Poor No lighting at all in the entire track/lane
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