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Abbreviations and Acronyms

Abbreviations Full Form

ATM Automatic Teller Machine

BBMP Bruhat Bengaluru Mahanagara Palke

BDA Bengaluru Development Authority

BMRCL Bangalore Metro Rail Corporation Limited
BMTC Bengaluru Metropoltan Transport Corporation
Comm. Commercial

CSTEP Center for Study of Science, Technology #&wlicy
GoK Government of Karnataka

HB High Boarding

IPT Intermediate Public Transport

LB Low Boarding

P./Semi Public [PublicSemi Public

PT Publc Transport

RMP Revised Master Plan

TTMC Traffic and Transit Management Centre







Executive Summary

Bengaluru Metropoltan Transport Corporaton (BMTC) and Bangalore Metro Rail
Corporation Limted (BMRCL) are the primary public transport service providers in
Bengaluru, and aim to provide safe, reliable, clean and affordable transportation. To achieve
this aim and to make public transpothe preferred mode of transport in Bengaluru, it is

important to integrate these services.

In this context, Government of Karnataka has engaged Center for Study of Science,
Technology and Policy (CSTEP) as a technicasearch institution to suggest ways for
integration of BARCL and BMTC. This study foces on infrastructure integratignwhich

comprises identification of planning interventorand design elements for eaclethd station

typology.

This study focussed dpeg practices and accessibility design case studiesmrive at alist of
planning interventionsand design elements farfrastructure integration Metro stations were
classified into different typologies based onland use within a radius of &f8 rfaround the
Metro stations) boarding andalighting of Metro commutersas well asaccess road widthot
each Metro station. For eacheio station typology, thelanning and design elements were

assigned to arrive #te desired elements matrix.

For 40 Metro stations (Phase 1), a detailed assessment of land use and access road width data
was done based on the Revised Master Plan, 2015. The boarding data for all the Metro stations
was considered in the analysis. Detailed site visits were cautedt gix Metro stations (one

from each typology) to validate Metro Station Typoldgigments Matrix.

From the study, it was observed tiditastructure integration requires planning interventions

and design elements. The important planning interventguah as bus stops, bus bays, pick

up and dropoff points and pedestrian crossinggequired upgradation These planning
interventiors wil help in smooth transferef commutersbetween multiple modes of transport.

It was also observed that design elements such as signages, footpaths, lighting, ramps, and
railings were incomplete or missing-hese design elements are needed for better accessibility

in and around the metro stationEhe Metro Station TypologyElements Matrix provides a set

of guidelines forfuture Metro stationdesign for bettenfrastructure integration.

1 For this study, the temrinfrastructure integration and physical integration will be used interchangeably
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Integration of BMRCL and BMTC

1. Introduction
Given that BMRCL is a magsipid transport service providéosr Bengaluru, it is essential that
there is seamless connectivigt metro station area which would ease of acddsace there
is a need to provide enabling infrastructure elements at the existing Metrosstatiorel as
plan for future Metro stations. This can be done by preparing a guideline which would allow
planners to categorise the Metro stations into different ldg@s and plan for associated
infrastructure elements. This would allow commuters to move seamlessly across multiple
modes of transport at the Metro stations and may increase the public transport modehghare.
study identifies requiredghysicalinfrastucture elements gglanning interventions and design

elementy according to the Metro station typology, for seamless multimodal connectivity.

Planning interventions in this study indicate the strategies to be imple mentedrasidéons
for seamless muihodal connectivity. Planningnterventions include bus stops, bus bays,
interchange points, parking fagit etc. Design elements include winding, signage
lighting, bus stop shelters, ramps, lifts, staircase, Bdith of hese are important for BMERRL
and BMTC infrastructure integration, which would help BMTC feedervice to improve
connectivity to BMRCL. More information on feeder services can be fountheinRoute

Integration section.
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2. Log Frame / Theory of Change / Programme Theory

Infrastructure integration comprises planning interventions and design elements at Metro

stations for:

1 Ease of access between different modes of transport
1 Ensuring safety of commuters

1 Providing a convenient and comfortable commute

1

Saving transfer time

2 www.cstep.in © CSTEP
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Intervention Logic

Verifiable Indicators
of Achievement

Sources and Means
of Verification

Assumptions

Overall
Objectives

What are the overall broader objectives to which
activity will contribute?

To suggest planning interventions and des
elements thatwil provide ease of access f
commuters at Metro stations

What are the ke
indicators related tahe
overall objectives?

What are the source
of information for
these indicators?

1 Primary
survey/site vistt
1 Secondary data

Specific
Objectives

What specific objectives is the activity intendeg
achieve to contribute to the overall objectives?

1 To identify the requiredplanning and desig
elements for infrastructure integration

1 To analyse feasibility of their implementation f1
different Metro station typologies

Which indicators
clearly show that thg
objective of the activit
has been achieved?

fList of
physical
(planning
interventions
design elements

1 Implementation o
suggested elemen
by the local
authorities (may
extend beyond th
study period)

feasible
elements

and

What are the sourceg
of information that]
exist or can be
collected? What a&
the methods require
to get this
information?

1 Station
accessibility plans

1 Stte visits to obtair
list of existing and
missing elements

Which factors and condition
outside the PI's responsibilit
are necessary to achieve th
objective? (externg
conditions)
Which risks should be takg
into consideration?

9 Willingness of competen
authority to share the da

9 Wilingness of competer
authority to implemen
the recommendations

2 For this study, the terms primary survey and site visit may be used interchangeably.
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The results are the outputs envisaged to achievé
specific objective.
What are the expected results? (enumerate them

What are the indicator
to measuravhether ang
to what extent th
activity achieves th

What external condition
must be met to obtain th
expected results on schedu

What are the source
of information for
these indicators?

Expected 1 Metro Station Typologyi Elements Mtrix 1 Secondary 1 Permission fron
, expected results? ) .
results 1 Suggested list of elements for select Metro stati o lterature on Metrq  competent authority t
Data  avaiability —anc station typology & carry out site visit
site vists as per t  phisicalelements | Wilingness of competen
schedule q Validation of|  authority to share the da
elements checklist| q Availability of literature
What are the key activities to be carried out and Means: What are the sourcg What preconditions  are
what sequence in order to produce the expel What are the mear ©f nformation about required before the actio
results? required to implemen action progress? starts?
(group the activities by result) these activities, e. (¢ q Site Visits 1 Acceptance by  th
1. Secondary lterature review for: personnel, training Interacton  with|  authority to go ahead wit
1 Identifying required planning interventions a| Studies, etc. competent the study
design elements { Urban planning  authority on| fWork plan for carrying
Activities { Classification of Metro stations into vario experts implementation out and completing th
typologies 1 Transport  planning study
1 Preparing Metro station typologiede me ntg experts
matrix 1 Training for
2. Conducting primary survey/site visit at seld conducting sitg
Metro stations for comparing existing eleme visits and
with required elements infrastructure
3. Suggesting feasible elementlor select Metro planning
stations 1 Surveys
4 www.cstep.in © CSTEP
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3. Progress Review

The progress reviewprovides a brief overview of the existing infrastructure provided by
different agencies in and around Metro stations.

3.1. Overview of Existing Infrastructure
BMTC provides the bus service, whie Bruhat Bengaluru Mahanagara Palke (BBMP) is
responsible foproviding required infrastructure such as bus stops, bus bays, etc. Similarly
while BMRCL runs the Metro service, different agencies are responsible for construction and
maintenance of planning interventions and design elements. One key understanding from
secondary literature and site visits iatt there are multiple agenciethat function
independentlyandd oné6t necessarily coordinate with ea
For example,the following issues were observiedand around Metro statig

1 Lack of pedestrian facilities

1 Lack of seamless muitiodal transfer facilities

9 Lack of passenger information systems

4. Problem Statement

To examine the existing infrastructure at Metro stations and to develop a station accessibility
matrix for providing seamless connectivity.

As mentioned in the earlier section, there is lack of proper infrasteudntegration between
BMRCL and BMTC. For example, even though there is a bap 8t the close vicinity of M

G. Road Metro station (towards Trinity Circle), it is difficult to locate it rom the Metro station
exit gate. Also lack of display indicating the destination routes of BMTC buses may deter
commutersfrom using the availde bus serviceYet another Metro stah, Majestic, which is

a multimodal transport hub, has good physical connectivity to all the modes but lacks in signage
that would lead the commuters their intended destinatien (wayfinding). In addition to this,

some entranceand exits have been Kegosed for security reasons, which presehtlle nges

from an accessibility point of view.

Evaluation Question

What are the physical elements required for infrastructure integration in and around Metro
stations?

This study identifies the physical elenms required to overcome the aber®ntioned
challenges and identify the feasible elements at select Metro stations. It pragieleline

for the required physical elements according to the typology d¥ititeo station (as defined in
Metro Station Typologigs

© CSTEP www.cstep.in 5
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5. Objectives and Issues for Evaluation
Objectives

1 To develop a Metro Station Typolodylements Matrix

1 To assesaccessiility measures slectMetro stations
Scope

Target population The target population are current Metrgers as well as nassers of Mtro

who stay within a radius of five kifrom Metro stations) They are the potential commutérs

who might slit to Metro with improvement in infrastructure integration at Metro stations.

Geographical coveragefhis section cover anarea within a 500 netre radius rbm all the

existing 40 Metro stationskigure lilustrates the geographical coverage of the stayund
Yeshwanthpur Metro station.

Legend

@ Metro Station

Figure 1. Geographical average around Yeshwanthpur Metratoni 500m radius

Source:(BDA 2016)

3 Metro passenger opinion survey as part of route integration study revealed that major access and egress trips are
within a radius of 5 km
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6. Evaluation Design

6.1. Information Sources
Secondary iterature

Global best practices of infrastructui@egration wereidentified assources oinformation.

Towards a Walkkable and Sustainable Bengaluru EMBARQ [fittisbarq 2014)
Guidelines for station site and access planringyashington(WMATA 2008)

Urban Street Design Guidelines, PyMC and ITDP 2016)

NMT Polcy and Strategy- Volume 2: Policy Framework, City of Cape Town

w0 N PP

(Directorate Transport 2005)
Universal Access Policy for the City of Cape To@ukushe 2014)
6. Porfand Pedestrian Design Guid®ffice of Transportation 1998)

o

Primary Se Visits:

Primary site visits at 6 Metro stations (refeable 3 werecarried out in order to:
1) Valdate the Metro station typology

2) Compare the existing sef elements with the requisite set of elements

6.2. Research Methods
Secondary Dataiterature:

As this study intends to understand the physical elements required for muttimodal
integration, it is necessary to understand the best accessibility practocesaround Metro
stations. Global best practices Iselpo understand various physical elements that are
necessary for infrastructure integration. This review alscshiunderstand the function

of each identified element and contexselit for Bengaluu Metro stations.

Primary Data Collection: Site Visits

After studying the global best practicesd preparing the list of required physical elements
for infrastructure integration, there is a need to contextualise this information to the study
area. Sé visiis help validate Metro station typologies and examine the feasibility of
introducing the identified lements for select stationsThis study identifies the gaps

between the best practices dhdground realty.

© CSTEP www.cstep.in 7
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6.3. Evaluation Criteria or Indicators
This study focuses on the physical elements for infrastructure integration. Thus the compliance

of existing elements with the desired elements for respective Metro station typologies form
the basis of evaluation.

7. Evaluation Methodology

7.1. Procedure Adopted fdnfrastructure Integration
A systematic methodology wdslowed to achieve the expected resulfigure 2shows the

methodology flowchart adopted for this study.

Infrastructare Int tio List of Accessibility
St Accesivil Elenent
Plans s Planning ]
«RMP 2015 Interventions o
» Metro Ridership Literature Review r «Design Elements
*Land use -
: i i H Metro Statu
» Access Road width 1 Classification of Metro Stations g Sl Ol ation
; . Typologies
s Metro station wise
Boarding-Alighting ‘
Assigning planning interventions - i
and design elements to each - Metro Station Typologies—
T Elements Matrix
ypology
Site Visits to Select Metro
Stations for comparison of Revised Typologies—
Master list of Elements with Elements Matrix
Existing Elements l

Observations and
Recommendations for Select
Metro Stations

Figure2. Methodology for infrastructuretegration

7.2. Sample andsampling Technique
In this study, the 40 Metro stations were classified based on existing land uss, raeces

width and Metro statiomboarding and alighting dat@ne representative Metro station for each

typology wassurveyed through primary site \dsit

7.3. Metro Station Typologies
The Metro stationsveredivided into different typologies dsed on parameters such as lasd

in the inluence area (500m radius), access road wthboarding typé high boarding (HB)
and low boarding (LB). Thé station typologies are described below:

8 www.cstep.in © CSTEP
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Type 1i Transport hubs that are connected with other public transport modes in the vicinity

Type 2i Metro stations that are located in predominantly residential aséthshigh boarding

and access road whdtof 30 to 80 metre

Type 31 Metro stations that are located in predominantly -residential areasyith high

boarding and access road widith30 to 50 metre

Type 4i Metro stations that are located in predominantly residential asghashigh boarding

andaccess road width of 12 to 30 metre

Type 5Ai1 Metro stations that are located in predominantly residential amhdow boarding
andaccess road width of 30 to 80 metre

Type 5Bi Metro stations that are located in mixed land wath, low boarding ad access road
width of 30 to 80 metie

Type 61 Metro stations that are located in predominantly residential asmthdpw boarding

andaccess road width of 12 to 30 metres

Table 1shows the six different typologies of Metro stations

© CSTEP www.cstep.in 9
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Table 1. Metro stationypologies

Predominant Land

Use

Access Road With

Boarding Data

Station Name 'g 2|2 8| 5|5 5 Type
SIER|3|2]®|%| @ | HB | LB o
o |EE|S| S| E| E £
x |OZ|=|F| B | & S
Majestic
Yeshwanthpur Transport
Baiyappanahalli Hubs
City Raiway
Station
Nagasandra
Dasaahalli
Yelachenahalli High
Rajajinagar Residential,
Banashankari 30-80m
J.P. Nagar road, HB
Viayanagar
Trinity
Sandal Soap Non-
Factory Residential,
M. G. Road 30-50m
Mysore Road road, HB
National College
SouthEnd Circle
R.V. Road . .
Indiranagar Ri;_'ggmlal’
Sampige Road road, HB
Vidhana Soudha
Sir M.
Visveshwaraya
10 www.cstep.in © CSTEP
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mmmmmmmmmmmm

Predominant Land

Access Road With

Boarding Data

Use
IS 2l s | .| E S
Station Name % g = -g o| Q g Type
D) E o 2} o 1 1 ™ HB LB
_'C E b > (7] 1
8 o € i) c £ £ =
O < 9 o o ~
nd %) = Te) ™ -
Hosahalli
Deemnjali Nagar Residential,
Mahalak&imi 30-80m
Halasuru 5 | road, LB
Attiguppe A
Jalahall &
Peewya Industry 5 | Mixed Land
Peenya B | Use, 30
Goraguntepalya 80m road,
Cubbon Rirk LB
S.V. Road
Chickpet
K. R.Market Residential
esidentia
KuyempuRoad Mixed, 12
Srirampuia 6 30m road
Jayanagar LB
Lalbagh
Magadi Road
Legend:
Residential
Public/Semi Public
Commercial
Green
Industrial
Transport

50-80 m Wide Road
30-50 m Wide Road
12-30 m Wide Road
High Boarding

Low Boarding
U | Other Additional Land Use (Defined by Colour)
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Aifter deriving the Metro station typologies shown in the above tableMmt station from
each type waselected for detailed study and site sisiThe list of the Metro stationselected

for further studyis given inTable 2

Table2: Typology-wise Metrostationsselected for thestudy

Station Name Type
Yeshwanthpur Type 1
Banashankari Type 2
Sandal Soap Factory Type 3
South Bd Circle Type 4
S.V. Road Type 5
K. R. Market Type 6

7.4. Type of Data Collected from VariouSources
Secondary LiteratureThe secondary lterature helped to prepare a list of physical elements

required for station accessibility improvement. These elements were categorised as

1. Planning interventions

2. Design elements
Table 3shows the requireglanning interventions and design elements for station accessibility.

Primary survey: The primary arvey helped validate the éfro station typology and examine

the feasibility of introducing the identified elements for select stations

7.5. Instruments for Data Collection
Primary Survey:For the primary survey, a data collection template was prepared. This template

is given inAnnexure Il. The template helped identify the existipgysicalelements at seléc
Metro stations and compare themith the global list of elements prepared from the secondary

survey.

7.6. Protocols for Data Collection and Ethics Followed
For the secondary datmllection, references in the form of published data andtites were

used to arrive at Metro station typologies as well as the list of required physical elements. For
the primary survey, permission letters from BMRCL, BMTC #mCommissioner of Pole,
Bengaluru, wereobtained to conductthe site visits Care was taken so that thegular

movement of passengers as well as the dutiesodfers were not hampered.
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8. Data Collection and Analysis

8.1. Procedure of Data Collection and Cleaning
Secondary Data @lection Published reports were studied to identify the list of physical

elements in and around Metro stations. Based on these studies, a list of physical elements
recommended for infrastructure integration was prepad@dekure 1). This list was revised

to arrive at a finite list of elemis to suitthe Bengaluru context (Table 3.

Primary Data @llection: Primary data was collectetly conductingsite visits at Gelect Metro
stations which represent six different Metro typologies. A template was prepared based on the
secondary literature, to record the site visit observatigmmexure ).

8.2. Procedure Adopted for Data Cleaning
The list ofphysicalelements derived from the secondary lterature was finalised to arrive at a

finite list of elements to suit thBengaluru context

8.3. Data Analysis
Secondary Data Analysis

Table 3: List of physicalelements at Metratations fromglobal best pactices

Intervention Criteria | Best Practice References
Pedestrians and @clists (PMC and ITDP
Right of way (ROW) including | Arterial Roadi 30-80m 2016)
the pedestrian zone Distributor Road’ 12-30m

Local Roadg 6-15m
Pause points at regular intervals | 500m (Embarq 2014)
Multimodal shift points 500m
Cycle parking spaces At Metro station
Public Transport Users (PMC and ITDP
Bus stops 2016)
Intermediate public transport
(IPT) stands

Private transport users
Drop-off andpick-up points

Public Amenities (Embarq 2014)
Retalil stores/ B&teries/ATMs 400m

Street Network Modification (WMATA 2008)
Tactie paving 400m

Curb ramps At Metro stations

Way-finding 400m

Walkways, elevators, escalators| At Metro stations

Refuge islands and medians 400m

© CSTEP www.cstep.in 13
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Information kiosls 50m

Garbage bins 50-200m

Drinking water fountaig 50-200m

Primary Data Analysis

A detailed analysis of six select Metro stations, one from each typd®gien below.

8.3.1. Typology I Yeshwanthpur Metro Station

Legend

@ Metro Station
o Bus Stops
@ Railway station
[_] Mixed Residential
[ ] Residential
7] Commercial
[ Industrial

Figure 3. Studyarea for Yeshwanthpur Metrotation

This typology includes the Metro statiotmving multiple transport modes in the vicinity
of 500metres Yeshwanthpur Metro station has a raiway station (Yeshwanthpur railway
station), intercity bus service (private and KSRTC), intty bus service (BMTC bus
stops) within a radius of 5Qfetres. Figure 3shows the area with its land use within 500

metresas well as km radius of Yeshwanthpur Metro station
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Table4: List of typologywise required elements and existingesarioi Yeshwanthpur

Required Elements Existing Scenario
Footpaths Yes
Pedestrian crossings, interchange No
connections
IPT bays, prepaid IPT counters No (Only IPT Stops)
Way-finding No
Pick up, drop off No

The Shamrao Vithal
Cooperative Bank

e
Yeshwanthpura

#;“:" Fire Sl%on

/ » U
it ~
Hallimane Yeshwg/nkthpur 6’(}/}

Figure 4. Accesspoints at Yeshwanthpur Metsiation

Figure dilustratesthe different access points at Yeshwanthpur Metro station for analysis. The
access points D, E, F and G are adjoining the raiway station and A, B and C are on the opposite
side. Access B faces thaiway yard.

Access point A

o0 There is a 1.5retre wide footpath being used for parking (bwdheelers and four
wheelers) and commercial activitiesausing hindrance to pedestrian movement as well
as obstructing the Metro entry signage. These encroachments neediriirised for
beter pedestrian movement and improve accessibility to feeder buses.

o0 The Mdro signage atthe service roledding to access A is placed parallel to the road,
hencett is not noticeable to the drivers coming from TumkwaR.It should be oriented
perpendicwdr to the road.
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Figure5: Parking on footpath at accessimpt A Figure6: Commermal activities at access poin

Access point B

o This entry hasonly a lft and no staircase or escalators. Hence this entrybean
dedicatedfor use ly sick, aged or differently abled people.

o0 The footpath has a raiing on one side that provides a sense of safetgially for the
differently abledand agedpeople A vehicle bay has been provided at this entry but is
utlised by freight vehicles. This space can be useh#2T bay for this entry

Figure 8: Footpatﬁ‘ at accesmlni B

Figure7: Access point B
Access point C

o This access point has a emay escalator going up as well as staircase

0 lItis connected to the road level as wel as the adjoining property which is approximately
1-1.5metres below the road level

0 The footpath along this access point is not in a good condition and need® paied
To avoid accidents, aralling is required the offroad side of the fopath where there
is a level difference

0 Since this access is on a service road, feedetRPandervices can be provided.
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Figure9: Access point C Figure10. Footpath at access point C

Access point D

o This entry hasonly a lft and no staircase or escalators. Hence this entrybean
dedicatedfor use ly sick, aged or differently abled people.

o There is a narrow footpath with a garbage dump on one side and untreated road space
on the other. This untreated space can be used to widen the footpath and provide bus

stops and IPT stops

Vh

Figure 11: Access point D Figure12 Footpath at access point D

Accesspoint E

0 This access only has one lift and is meant to se

the raiway travelers coming tothe Metro
station.

0 This entry is not visible from the raiway statio
side and hence raiway travellers were seen us
access F which opens right in front of the railwda® o o

Figure13 Access point E
station

o Proper signage needs to be provided for peapiming from the raiway station, to

identify this access point.
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Access point F

0 This access connects the Yeshwanthpur raiway station to the Yeshwanthpur Metro
station. Hence this access is majorly used by the public coming from or going to the
raiway staibn, that is mostly by outstation travellers.

o0 Even then this access only has a stairway leading to the conamatseg people climb
the whole staircase with their luggage

0 A signage to identify access point E wil help the raiway traeller

Figure 14: Access pint F Figure 15 Staircase at accessipt F

Access point G

o This access point has a emay escalator going up and a stairway to reach the
concourse

This access also has a connectiorthe Yeshwanthpur Metro station

The regular Metro users coming from raiway station use this access point

There is a narrow but wathaintained footpath outside this access

Currently the feeder buses tend to stop right in front of the,entrigh hanpers the

o O O o

vehicular movement on that road. But there is scope for provision of feeder bus stop

without any physical intervention at this accésgure 17.

E

nt G

- I

Figure 16 c&:ess point G Figure 17: Footpath at access poi
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8.3.2. Typology2: Banashankari Metro Station
This typology includes the Metro stations having predominantly residdatidl use with

access road widtbf 307 50 metresor 507 80 metresand high boardingFigure 18shows

the area and land use in 5@@tresradius of Banashankari Metro station

Figure 18 Study aea for Banashankari Metstation

There are two BMTC bus stops and Banashankari TTMC wilwalkable distance (<50)

from BanashankarMetro statio.

Table5: List of typology-wise required elements and exstingesarioi Banashankari

Required Elements Existing Scenario
Bus bays/stops Yes (Bus ®ps)
IPT bays Yes (IPT stops)
Private vehicle parking Yes (Two wheeler)
Footpaths Yes

© CSTEP www.cstep.in 19
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