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FOREWORD

Delhi Metro Rail Corporation Ltd. (DMRC), a Joint Venture Company owned 50% by the
Government of India and 50% by Delhi Government was entrusted with planning,
design, implementation and operation of the Delhi Metro Project. Phase | and Il of Delhi
Metro Rail Project covering approximate length of 190 Kms has already been
commissioned up to February 2011.This length of 190 Kms. includes the Airport Link

Express of 23 Kms also.

The Government of Karnataka availed the DMRC's expertise for the planning,
investigation and preparation of a Detailed Project Report (DPR) for two metro lines in
Bangalore City, one in the East West direction and the other in the North South direction
for Phase — | of Bangalore Metro Rail and the DPR for the same was prepared and
submitted by DMRC on 26-05-2003. Subsequently the DPR for extension of N-S line on
both the ends was submitted in the year 2007 and the implementation of the phase-
comprising of about 42 kms is in progress by Bangalore Metro Rail Corporation Limited
(BMRCL). BMRCL conveyed their consent to DMRC to take up the DPR work for the
Phase - |l of Bangalore Metro Rail vide Agreement dt.15-12-2008. DMRC earlier
submitted the DPR for R. V. Road to Electronic City corridor. However, BMRCL desired
the DPR for this extension should be up to Bommasandra. Accordingly, the DPR is now

prepared for the corridor from R. V. Road to Bommasandra with its length of 18.82 Kms.

DMRC got carried out the topographical survey work from M/s Prime Meridian Surveys,
Chennai. The detailed geo-technical studies and Environmental studies were got done
through M/s SECON Puvt. Ltd, Bangalore. The detailed traffic study was got done by M/s

Wilbur Smith Associates, Bangalore.

During the preparation of the Detailed Project Report there were constant interaction
with BMRCL and various Governmental and City Agencies. We wish to place on record
particularly the suggestions made by BMRCL in finalizing this report.

We also wish to place on record the valuable assistance received from M/s Prime
Meridian Surveys Pvt Ltd, M/s SECON Pvt Ltd and M/s Wilbur Smith Associates in

compiling this Report.

DPR for R V Road — Bommasandra line May 2011



This report is a compendium of study results carried out by DMRC with our unique
background, experience and with considerable efforts. The technical solutions
recommended herein are the sole property of DMRC. These cannot be copied or made
use of by any other agency or person except for the sole use of Bangalore city, without
the consent of DMRC.

(E. Sreedharan)

Managing Director

Delhi Metro Rail Corporation
New Delhi
May, 2011
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SALIENT FEATURES
R V ROAD TERMINAL TO BOMMASANDRA CORRIDOR
3 Gauge Standard Gauge (1435 mm)

p Route Length (between dead ends) 18.82 Km (Elevated)

3. Number of stations 16 Nos  (All Elevated)
4, Traffic Forecast
Peak Hour | Number of Passenger .
< Mean trip
Year Sectional | passengers KM S
loading | (Lakhs/day) | (Lakhs) 9
2016 13,078 2.40 19.27 8.0
2021 17,275 3.70 30.78 8.3
2031 21,274 4.55 38.22 8.4
2041 23,442 5.02 42.14 8.4
5. Train operation
RV Road - Bommasandra Corridor
YEAR 2016 2021 2031 2041
Carsl/trains 6 6 6 6
Head way (Minutes) 8 6 5 4.5
Max. PHPDT Demand 13078 17275 21274 23442
PHPDT Capacity Available 12195 16260 | 19512 21680
(15510%) | (20680%) (24816%) | (27573%)
Requirement of Coaches 66 90 102 114
6. Design speed 80 kmph
Schedule Speed: 34 kmph

; Traction Power Supply

DPR for RV Road — Electronic City Corridor May 2010 _
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_ DPR for RV Road —~ Bommasandra Corridor

a) Traction system voltage
b) Current Collection
C) Sub Station

Rolling Stock

750V DC
Third Rail
Nagnathapura

a) 2.88 m wide modern rolling stock with stainless steel body Standard Gauge.

b) Axle load -
C) Seating arrangement -
d) Capacity of 6 Coach unit -

€) Class of accommodation -

Stabling Facilities

Maintenance Depot

16t

Longitudinal

1626 (@ 6 Passengers /sgqm)
2068 (@ 8 Passengers /sqm)

One

- Hebbagodi Depot
- Augmentation in existing infrastructure at

Peenya Depot

Disabled stabling line

- provided In the Oxford station

Signaling, Telecommunication & Train Control

a) Type of Signaling

b) Telecommunication i)

Fare Collection

Construction Methodology

Cab signalling and continuous
automatic train control with Automatic
Train Protection (ATP)

Integrated System with Fibre Optic
cable, SCADA, Train Radio, PA
system etc.

Train information system, Control
telephones and Centralized Clock
System.

Automatic Fare collection system with
POM and Smart card etc.

Elevated viaduct consisting pre stressed concrete “U” shaped / Box Girders on Single

pier/Portal with pile / Open foundations
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13.

14.

Cost

a) Estimated Cost (at January, 2011 prices)
without taxes Rs. 3223 Crores
with Central taxes of Rs 325 Crores Rs. 3548 Crores

b) Completion Cost (Completion 31.03.2016, with Central Taxes) Rs. 4255 Crores

Note by BMRCL:

a) The estimated cost as per BMRCL( without taxes) Rs. 4188.56 crores
b) The estimated cost as per BMRCL( with taxes) Rs. 4778.56 crores
c) Completion cost as per BMRCL Rs.5744 crores
Financial Indices of MRTS Phase-l Network with this corridor

a) FIRR (With 20 ha. Land for property development) 0.83%

b) EIRR 18.1%

*hkkkkkkkkkk
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EXECUTIVE SUMMARY
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0.1

EXECUTIVE SUMMARY

BACKGROUND

DPR for the Phase-| of Bangalore Metro Rail Project was prepared by DMRC and
submitted to BMRCL (erstwhile BMRTL) during May 2003 and DPR for extension
of N-S line of Phase-l from Yeshwanthpur to Hesaraghatta Cross & R V Road
Terminal to Puttenahalli cross was submitted during October 2007 & June 2008
respectively. The project has been sanctioned and is under implementation. The
Phase | Now comprises of two corridors.

(i) East-West Corridor from Baiyappanahalli Terminal to Mysore Road
Terminal — 18.10 km.

(ii) North-South Corridor from Hesaraghatta cross Station to Puttenahalli cross
—24.20 km.

Out of a total of 42.30 km system about 8.80 km is underground section and
balance about 33.50 km is elevated. Total 40 stations are planned out of which 7
stations underground, 2 at grade and 31 are elevated. On East West corridor a
maintenance depot with full workshop facilities is being constructed at Baiyapanhalli
where as for North — South Corridor a maintenance depot with full workshop
facilities is being constructed at Peenya.

The Metro system is being implemented with 750 V DC Third Rail Traction System,
Cab signaling with CATC, SCADA, and AFC. The rake interchange link is planned
at Majestic station.

In the DPR for the Phase-Il, the south end of N-S corridor has been proposed for
extension from Puttenahalli to Anjanapur Township (Nice Road x-ing) along the
Kanakapura Road and from Hesarghatta cross to Bangalore International Exhibition
Center (BIEC) on Tumkur Road (NH-4). East-West Corridor is also proposed for
extension on both ends. i.e. Mysore Road to Kengeri and Baiyappanahalli to White
Field. Draft DPR for the four extensions has already been submitted to BMRCL in
November 2010.

As regards extension of North-South corridor to Electronic City - Bommasandra
Industrial Area, Government of Karnataka has desired that this line may be taken
up even in parallel to Phase-l. Further extension of this line beyond Bommasandra
Industrial Area may be needed in future as the city grows in this part of the city.

D PR for RV Road to Bommasandra Corridor May 2011
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EXECUTIVE SUMMARY

This DPR covers the geometric and technical features of Metro extension between
R V Road Terminal and- Electronic City - Bommasandra Industrial Area.

Traffic Demand

Based on the detailed household surveys and traffic surveys carried out during
DPR study in 2002 - 2003 and Subsequent DPR'’s for extension of N-S line in
October & December 2007 and the latest survey done now as a part of this study,
the Transport Demand Model was developed. The network for the R V Road -
Electronic City - Bommasandra Industrial Area line has been developed from the
primary database and used in the transport Demand Model. The Demand Model
gives a Base line indication for implementation of the proposed alignment R V Road
Terminal — Electronic City - Bommasandra Industrial Area via Silk Board Junction
on the Hosur Road. The traffic demand on this line has been projected considering
that the extensions of both the initial corridors of Phase-l i.e. North south to
Anjanapur Township and BIEC and East-West to Kengeri and Whitefield and New
corridor between Gottigere - [IM(B) -Nagawara are in place.

0.2.1 TRAFFIC DEMAND

~“DPR for RV Road to Bommasandra Corridor

The entire study area has been delineated into 182 zones as shown in chapter 2.
Among them 172 are the internal zones and the remaining zones (10 zones) are
external zones.

Summary of population projection and employment projections is presented in the
Table 0.1.

Table 0.1 Population and Employment projection

Base year (2009) | 2011 2021 2031
Population(in lakhs) 73.99 80.15 | 99.67 123.11
Employment(in lakhs) 26.63 29.25 37.87 48.01

These figures are based on the Census (2001) and projected for future in
consultation with the city development authorities

Trip Information

The trip information obtained from the survey has been analyzed with respect to
distribution of total trips by mode. The daily trips by various modes are presented in
Table 0.2 ..

May 2011

.OO..C..'...O.....C.......O..C...j

y



EXECUTIVE SUMMARY

Table 0.2 Distribution of Motorised Trips

Two-wheeler 1829858 84083 1913941

1

2 Car 826909 90360 917269

3 Autorickshaw 927371 14760 942131

4 Public Transit 3519338 672120 4191458
Total 7103475 861323 7964798

Per Capita Trip Rate (PCTR)
The per capita trip rate excluding walk trips was observed to be 0.96.
Travel Demand Forecast

Four-stage transport demand forecasting method was used to carryout the
transport demand forecasts. Land-use parameters used for the purpose are:

a. Base year population 2001 and employment and their distribution have been
taken from the 2001 census.

b.  Future population and employment for the horizon years 2016, 2021, 2026
and 2031 have been worked out in consultation with BDA at city level.

o

d. Distribution of future population and employment at zonal level are based on
land use plan in consultation with BDA.

Trip End Models

Taking into consideration the past trends and possibility of accelerated growth rate
when the mobility level in the city will increase due to introduction of MRTS, the
PCTR for the horizon years have been assessed as follows:

Table 0.3 Adopted PCTR (Vehicular) Value

Year PCTR Value
Base year 0.96
2011 (Forecast) 0.99
2021 (Forecast) 1.09
2031 (Forecast) 1.21

The above-mentioned PCTRs have been used for development of trip generation
and projection.

D PR for RV Road to Bommasandra Corridor May 2011 HI/X VI



0.3

~ DPR for RV Road to Bommasandra Corridor

EXECUTIVE SUMMARY

Trip Assignment

Capacity restrained assignment technique was used for traffic assignment on the
transport network. Distribution of the public transport trips between bus and rail has
been determined at the assignment stage by considering a combined public
transport network and assigning time penalties for various interchanges with other
modes.

Traffic assignment was carried out on the East - West and North - South Metro
corridors including extensions, Phase-Il North - South Corridor between Nagavara
- IIM(B) - Gottigere along with total transport network of the city. Based on the final
assignment of traffic on the total network, loading on the proposed extension
between R. V. Road - Electronic City - Bommasandra Industrial Area is as follows:

Table 0.4 Summary of transport demand projections

Peak Hour | Number of Passenger .
. Mean trip

Year | Sectional | passengers KM lenath
loading | (Lakhs/day) | (Lakhs) 9
2016 13,078 2.40 19.27 8.0
2021 17,275 3.70 30.78 8.3
2031 21,274 4.55 38.22 8.4
2041 23,442 5.02 42.14 8.4

The phpdt (peak hour peak direction trips) on this extension by 2016 will be 13078
and will increase to 23442 by 2041.

PLANNING AND DESIGN PARAMETERS

DMRC has already implemented Phase | of Delhi Metro project. Various design
norms and parameters have been firmed up by DMRC after detailed studies of
norms followed by Metro systems in various countries. However, Delhi being a
much bigger Metropolitan City than Bangalore, its needs are different. However a
similar system is proposed for adoption for Bangalore city. Certain modifications to
the design norms have been recommended keeping in view the specific needs of
Bangalore city and with an idea of standardization of parameters for other
metropolitan and major cities in the country.

For the elevated section of Bangalore Metro a box shaped deck as adopted for
Delhi Metro has been recommended with overall top width of 9.519 m (track center
4.2 m to carry both the tracks in the portion where the viaduct is proposed on the
single pillar. The total width at railing level comes to 10.620 m. However, there is
scope of reduction in the width of girder top with innovative design of parapet and
railings. More width of the viduct is recommended for providing more space in the
centre of tracks for cables as desired by BMRCL and to accommodate the side
walkways for evacuating the passengers in emergency. The section has a walkway

I
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EXECUTIVE SUMMARY

at the floor level of the coach for emergency evacuation of passengers. A 16t axle
load is proposed for this extension.

Bangalore Metro system will have modern, lightweight rolling stock made of
stainless steel. Trains are proposed to be air-conditioned, consisting of 6 coaches
from the beginning itself. Maximum acceleration (1.0 m/sec®) and maximum
deceleration (1.1 m/sec?) parameters are similar to that of Delhi Metro system.

The system is proposed to have Standard Gauge tracks as this will facilitate
provision of sharp curves with radii up to 120 m. Other geometrical parameters are
similar to that of Bangalore metro under execution.

It is proposed to provide 750 V dc, third rail traction system for this extension as
being adopted for the phase | under implementation. The other systems like
Signaling with Automatic Train Control and Protection system, Automatic Fare
Collection system and tunnel ventilation, etc. are more or less similar to that of
Phase | of Bangalore Metro.

Alignment from R V Road to - Electronic City - Bommasandra Industrial Area
From km 0.00 point to km 4.90.

As per DPR of Phase-l May-2003, R V Road Terminal station was planned
elevated in the middle of the road. Further the alignment was extended up to
Puttenahalli on the Kanakapura Road. Now the proposed RV Road Terminal station
is planned as a through station towards Puttenahalli cross. The Bommasandra
Industrial Area passengers have to change over to the North-South line of Phase-|
by suitably crossing the Platform by means of Foot over Bridges/Escalators.

From the R V Road Terminal Station (Ch.0.00), the line traverses along the R V
Road (up to Ch.0.34) and turns left to the Marenahalli road and traverses on the
median of Marenahalli road up to short of Jayadeva Hospital junction flyover
(ch.2.10). At the Jayadeva Hospital junction the alignment shifts to the left and
traverses on the footpath of the at-grade road. After crossing the Jayadeva junction
flyover the alignment comes back to the median and traverses along the median up
to short of Silk Board junction (Ch.4.85).There are 5 Stations namely RV Road,
Ragigudda Station, Jayadeva Hospital Station, BTM Layout Station and Silk Board
Station.

At the silk Board junction, the alignment turns towards right to reach the western
side of Hosur road.

From km 4.90 to km 14.50.

In the Hosur road as there is newly constructed elevated Highway by the NHAI on
the existing median, it is proposed to take the Electronic City - Bommasandra

D PR for RV Road to Bommasandra Corridor ' May 2011 V/XVIII
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Industrial Area line on the centre of western side service lane of the Hosur road.
This proposal has been finalized after consultation with the NHAI. As per this
proposal, a temporary service road on the western extreme edge after the
proposed Metro construction barricading area will be maintained during the
construction stage. After the construction stage, a 7.0M wide service road on the
western edge of proposed Metro alignment will be constructed and the balance
area on eastern side of proposed Metro alignment and main carriageway will be
utilized for utility corridor/footpath.

There are 11 Stations on this stretch of Hosur road from Silk Board junction to
Bommasandra Industrial Area namely HSR Layout Station, Oxford College Station,
Muneshwara Nagar Station, Chikka Begur Station, Basapur Road Station, Hosa
Road Station, Electronic City-l Station, and Electronic City Station, Huskur Road
Station, Hebbagodi Station and Bommasandra Industrial Area Station. Index Plan
of the proposed R. V road — Electronic City - Bommasandra Industrial Area Corridor
is shown at Fig. 0.1.

It is proposed to have a car maintenance depot of about 12 Ha at Hebbagodi.

STATION PLANNING AND TRAFFIC INTEGRATION

The basic planning for stations, as proposed for East - West and North — South
Corridor of Phase-I DPR of May 2003 has been used to plan all the 13 16 stations
including the proposed RV Road Terminal interchange station along this extension.
Out of the total 16 stations, 3 stations are on the middle of the Road and balance
13 stations are off the road. The stations along the middie of the road have been
designed to fit in existing road width as far as possible.

The proposed stations along the R V Road to Bommasandra Industrial Area line
are as follows:

Table 0.2 - Stations

SI No | Name of Station Chainage (m) Inter Station Distance (Km)

1. | RVRoad 0.00

2. | Ragigudda Temple 1255.50 1.256
3. | Jayadeva Hospital 2447.97 1.192
4. | BTM Layout 3582.70 1.135
5. | Silk Board 4543.10 0.960
6. | HSR Layout 5761.00 1.200
7. | Oxford College 6960.80 0.897
8. | Muneshwara Nagar 7858.20 0.897
9. | Chikka Begur 9257.50 1.399
10. | Basapura Road 11053.50 1.796
11. | Hosa Road 11998.30 0.945

00 0000000000000 0000000000000000000
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12. | Electronic City - 12990.10 0.992

13. | Electronic City 13987.20 0.997

14. | Huskur Road 15460.20 1.473

15. | Hebbagodi 16848.30 1.388
Bommasandra 17961.40

16. | Industrial Area 1.113

Elevated stations are provided with side platforms.

Stations have been divided into two distinct areas, namely public and non-public
(technical areas). The public area is further sub divided into unpaid and paid area.
Provision for escalators is made at all the stations in paid area for future. However
at a few important stations, escalators shall be provided from the beginning itself.
Lifts for disabled passengers are provided at all stations. Jeydeva Hospital metro
station is largely planned in the premises of Jeydeva Hospital as there is no other
location available. Moreover it will provide the better connectivity even to hospital.
As concourse under the platform for this station was not possible, an independent
concourse with passenger facilities and station services is proposed in a multi
storey complex located nearby to the proposed station. Effort has been made to
keep the acquisition of hospital property to the minimum. The proposed concourse
building for this extension will also serve the metro station with the same name on
the corridor between Nagavara and [IM(B) — Gottigere.

Integration facilities at MRTS stations include approach roads to the stations,
circulation facilities, pedestrian ways and adequate parking areas for various
modes likely to come to important stations including feeder buses/mini buses.

Traffic integration facilities are proposed to be provided at R V Road Terminal, Silk
Board Junction, Electronic City station, and Bommasandra Industrial Area stations.

TRAIN OPERATION PLAN AND MAINTENANCE DEPOT
Train Operation Plan
Salient Features

¢ Running of services for 19 hours of the day (5 AM to Midnight) with a
station dwell time of 30 seconds,

e Make up time of 5-10% with 8-12% coasting.

e Scheduled speed for RV Road-Electronic City -Bommasandar Corridor has
been assumed as 34 kmph.

DPR for RV Road to Bommas May2011 - I VIUXVIIL
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0.5.2 Traffic Demand

0.5.3

Peak hour peak direction traffic demands (PHPDT) for the Bangalore Metro for the
year 2016, 2021, 2031 and 2041 for the purpose of planning are indicated in
Attachment I/A, B, C & D.

Train formation

To meet the above projected traffic demand, the possibility of running trains with
composition of 6 Car trains with different headways has been examined.

The basic unit of 6-car train comprising of DMC + TC + MC + MC + TC + DMC
configuration is selected for the Bangalore Metro Corridors for the year 2016, 2021,
2031 and 2041.

Composition

DMC : Driving Trailer Car

MC : Motor Car

TC : Trailer Car

6 Car Train Composition :DMC + TC +MC + MC + TC + DMC

Capacity @ 6 persons per sqm of standee area:

DMC : 253 Passengers (Sitting-43, Crush Standing-210)
TC/MC : 280 Passengers (Sitting-50, Crush Standing-230)

6 Car Train  : 1626 Passengers (Sitting-286, Crush Standing-1340)

Capacity @ 8 persons per sqm of standee area:

DMC - 322 Passengers (Sitting-43, Crush Standing-279)
TC/MC . 356 Passengers (Sitting-50, Crush Standing-306)

6 Car Train ;2068 Passengers (Sitting-286, Crush Standing-1782)

Train operation plan (headway and train composition) for the year 2016 and 2021
during the peak hours is given below.

(i) Year 2016

e 8 min Headway with 6-car train.

e Available Peak Hour Peak Direction Capacity of 12195 @ 6 persons per
square meter of standee area

e Auvailable Peak Hour Peak Direction Capacity of 15510 @ 8 persons per
square meter of standee area under dense loading conditions.

¢ The maximum PHPDT demand of 13078 is in the Section between Jayadev
Hopsital Compound and BTM and the PHPDT demand in the section
between BTM and Silk Board is 12973, demand in the remaining sections is
in the range of 10720 to 1086 only. The planned capacity of 12195 (15510
under dense loading) is less than the PHPDT demand in two (zero, with
dense loading capacity) sections out of fifteen sections.




EXECUTIVE SUMMARY

With this ptanned PHPDT capacity, optimum utilization of Rolling Stock will
be achieved and empty running of trains will be considerably reduced.
However, the Rolling Stock is designed for carrying higher density loading
@ 8 standee passengers per square meter and in the sections in which
PHPDT capacity exceeds the planned capacity, overloading during these
periods will help in reducing the demand for increased deployment of
Rolling Stock.

ii) Year 2021

. 6 min Headway with 6-car train.

e Available Peak Hour Peak Direction Capacity of 16260 @ 6 persons per
square meter of standee area

e Available Peak Hour Peak Direction Capacity of 20680 @ 8 persons per
square meter of standee area under dense loading conditions.

e The maximum PHPDT demand of 17275 is in the Section between Jayadev
Hopsital Compound and BTM and the PHPDT demand in the section
between BTM and Silk Board is 17212, demand in the remaining sections is
in the range of 15646 to 1906 only. The planned capacity of 16260 (20680
under dense loading) is less than the PHPDT demand in two (zero, with
dense loading capacity) sections out of fifteen sections.

With this planned PHPDT capacity, optimum utilization of Rolling Stock will
be achieved and empty running of trains will be considerably reduced.
However, the Rolling Stock is designed for carrying higher density loading
@ 8 standee passengers per square meter and in the sections in which
PHPDT capacity exceeds the planned capacity, overloading during these
periods will help in reducing the demand for increased deployment of
Rolling Stock.

Details of capacity provided are summarised below:

R V Road — Electronic City - Bommasandra

Bangalore Metro YEAR
RV Road-Electronic City — 2016 2021 2031 2041
Bommasandar Corridor
Carsltrains 6 6 6 6
Head way (Minutes) 8 6 5 4.5
Max. PHPDT Demand 13078 17275 21274 23442
PHPDT Capacity Available 12195 16260 19512 21680

(15510%) (20680™) (24816%) (27573%)

IX/XVHI




0.5.4 Year wise rake Requirement

EXECUTIVE SUMMARY

Based on Train formation and headway as decided above to meet Peak Hour Peak
Direction Traffic Demand, Rake requirement has been calculated and enclosed as
Attachment V and has been tabulated below:

Year Headway No. of Rake No. of
Corridor (min) Rakes | Consist | Coaches
RV £ . 2016 8 1 6 car 66
\ Road - Electronic 2021 6 15 6 car 90
City-Bommansadar
. 2031 5 17 6 car 102
Corridor
2041 4.5 19 6 car 114

Requirements of coaches is calculated based on following assumptions-

Assumptions -

(i)  Train Composition planned as under
6 car Train Composition: DMC + TC + MC + MC + TC+ DMC
Train Carrying Capacity of 6 Car Train : 1626 passengers

(iiy Coach requirement has been calculated based on headway during peak
hours.

(i)  Traffic reserve is taken as one train per section to cater to failure of train on
line and to make up for operational time lost.

(iv) Repair and maintenance reserve has been estimated as 8 % of total
requirement (Bare +Traffic Reserve).

(vV) The calculated number of rakes in fraction is rounded off to next higher
number.

(vi) Schedule speed is taken as 34 kmph

(vii) Total Turn round time is taken as 6 min at terminal station

0.5.5 Maintenance Depot
A Car maintenance depot of about 12.0 Ha is planned at Hebbagodi. However a
stabling /sick line is being planned at the Oxford college on Hosur Road for
emergency use. Provision of stabling 2 rakes each at Electronic City and RV road
terminals is also made.

0.6 ROLLING STOCK

Rolling stock for R V Road — Electronic City - Bommasandra line Bangalore Metro
has been selected based on the following criteria:

Proven equipment with high reliability;

Passenger safety features, including fire resistance;
Energy efficiency;

Light weight equipment and coach body;

Optimised scheduled speed,;

* & & o o
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EXECUTIVE SUMMARY

. Aesthetically pleasing Interior and Exterior;
. Low life cycle cost; and
. Flexibility to meet increase in traffic demand.

The controlling criteria are reliability, low energy consumption, light weight and high
efficiency leading to lower annualized cost of service. The coach should have high
rate of acceleration and deceleration.

Keeping the above features in mind, 2.88 m wide stainless steel light weight
coaches are proposed for the Bangalore Metro, with length of 20.8 m for trailer
coach and 21.05 m for motor coach. Height of coach is 3.8 m. Train length for 3
coach train is 64.1 m while that of 6 - coach train is 128 m. The Axle load is about
16 t for which the structures are to be designed.

0.7 POWER SUPPLY, SYSTEM OF TRACTION AND POWER TARIFF

Power Supply System

Electricity is the only source of energy for operation of Metro system — for running
trains, for station services, workshops, depots & other maintenance infrastructure.
Broad estimation of auxiliary and traction power demand has been made based on
the following requirements:-

Specific energy consumption of rolling stock — 70KWh/1000 GTKM
Regeneration by rolling stock — 20%

Elevated/at —grade station load — initially 250KW and finally 300 KW in the
year 2021

. Underground station load — initially 1250KW and finally 1750 KW in the year
2021

. Depot auxiliary load - initially 2000KW and finally 2500 KW in the year 2021

Keeping in view the train operation plan, power requirements have been worked
out for the year 2016 and 2021 which are briefly summarized below:-

Power Demand Estimation (MVA)

Corridor Year
2016 2021 2031 2041
RV Road to | Traction 6.8 9.1 11 12.3
Bommasandra N
Auxiliary 52 6.5 7.8 12.0
Total 12.0 15.6 18.8 24 .4

Metro systems require a very high level of reliable and quality of power supply.
Therefore, it is desirable to obtain power supply at high grid voltage of 220kV or
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132kV or 66kV from stable grid substation and further transmission & distribution is
done by Metro Authority itself. Accordingly, two receiving sub-stations (RSS)
(66/33kV) are envisaged for the R V Road -Bommasandra line and these have
been located in consultation with Bangalore Power Supply Authorities. The location
of RSS is:

Corridor Grid substation Location of RSS of Metro
(input source) Authority

RV Road - Nagnathapura Basapur Road Station on

Electronic City — | sub-station (220/66kV) Hosur Road

Bommasandra

Industrial Area

line

System of Traction

750 V d.c. Traction as adopted for Phase-I of Bangalore Metro will also be used for
this extension.

S&T AND FARE COLLECTION SYSTEM

Train Control and Signalling System has been designed to meet design headway of
150 sec. and shall comprise Continuous Automatic Train Control system with CAB-
Signalling. Line side signals will be provided at all stations with points and
crossings, which shall be used for the purpose of back up Signalling. The system
shall be ‘Distance-to-Target’ based on fixed block type using coded Audio
Frequency Track Circuits. All the stations with points and crossings shall be
provided with independent SSI with facility to operate these points and crossings
locally as well as being Centrally Controlled from the OCC. The CAB-borne and
wayside signalling equipment shall be designed with sufficient redundancy so as to
meet the desired reliability and availability requirements. The mimic panel for this
corridor shall be housed in the OCC at Majestic. The Depot shall be provided with
an independent SSI.

Telecommunication System shall comprise various sub-systems namely Fiber Optic
transmission system (FOTS), Telephone, Radio, Public address, Close Circuit TV
and Public Information display system etc. The FOTS shall have armoured optical
fiber cable with path diversity. The equipment proposed shall be of synchronous
digital hierarchy (SDH) in 1+1 configuration with add/drop multiplexer at enroute
stations to provide reliable backbone link. 1t is proposed to provide ISDN — EPABX
system to be integrated with other telephone systems with access to PSTN and
interface to radio system. The proposed radio system shall support both train radio
and hand held portable sets for communication with central control.
Microprocessor-based Network Management System covering radio / optical fiber
based communication and telephone exchange system shall be provided.
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For trouble free and efficient ticketing and passenger control, computerised
Automatic Fare Collection (AFC) System has been proposed. The base AFC
system shall make use of “Contactless Smart Card Tickets” for multiple journeys
and contact less smart token for single journey, working with muitiple operators.
The AFC system shall have equipment located at OCC and stations.

The ticket gates are proposed to have a handling capacity of 45 passengers per
minute and can be reversible type.

Initially booking office operated machines (BOMs) are proposed but provision for
Passenger operated machines (POMs) has been kept at stations.

OTHER ENGINEERING WORKS
Geo Technical Investigation

Geo- technical Investigation has been carried out along the section from R V Road
to Electronic City — Bommasandra Industrial Area at 26 locations up to a depth of
30 m in soil or up to a depth of 3 to 4 m Hard rock strata.

Generally the top layer of soil is reddish/yellowish/grayish/browish silty sand with
clay. The layer is medium dense. Below this, is a layer of soft rock and a layer of
hard rock.

For the elevated section shallow foundation on soft rock and pile foundation upto
1.2 m dia are recommended. The bearing capacity of soil is not likely to cause any
problem for the foundations. The complete geo-technical Investigation report
containing borelog details, test results and bearing capacity recommendations has
been submitted separately in Vol-lll.

Utilities

The extended Metro alignment up to Bommasandra is passing along the centre of
the Marenahalli road (South end Road) or on the west side service lane of Hosur
road.

The few utility services viz. telephone cables, electric poles, traffic signals etc. are
existing along the proposed alignment. Details of the existing utility services along
the proposed alignment have been collected from the concerned authorities, i.e.
BWSSB, BBMP, BSNL, Bangalore Electric Supply and Distribution authorities,
Reliance and Tata Telecom, etc. The affected portions of the services with
reference to the proposed alignment have been identified

Two major utility of 66 KV OHE lines at an approximate chainage 10720 & 10790
are required to be shifted. These utilities may either be taken underground or their
height may be increased so as to provide clearance to the MRTS alignment.
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Land Requirement

Since land is a scarce commodity especially in metropolitan areas, every effort has
been made to keep land requirement to the barest minimum and acquisition of
private property has been kept minimal. Land is mainly required for route
alignment, station buildings, platforms, entry/exit structures, traffic integration,
power sub-stations, temporary construction depots / work sites and sick line
facilities etc.

For the alignment R V Road — Electronic City - Bommasandra the total land
requirement works out to 21.250 ha and another 8.0 ha on temporary basis (for 4
yrs) for construction depots.

The land cost for the R V Road — Electronic City - Bommasandra line is Rs. 319.17
crores.

Rehabilitation & Resettlement

The project involves displacement of about 212 properties out of which 169 are
commercial, 12 residential, 6 religious and 25 others.

The displaced persons are to be relocated in nearby areas, in the manner as done
for phase-I.

COST ESTIMATES

The Cost Estimates for the R V Road — Electronic City - Bommasandra line have
been prepared at January 2011 prices and works out to Rs 3223.21 crores
including land, but excluding taxes & duties.. It is estimated that the taxes and
duties will amount to Rs 496 crore and the total cost inclusive of taxes and
duties is Rs. 3719 crores The same is summarized as below

Abstract Cost Estimate of R V Road - Elec City - Bommasandra line (BM Ph-ll)

Total length = 18.82 km, ( Completely Elevated)

Total Station = 16nos ( all elevated
January 2011 price level (Cost without Taxes & Duties)

90,0060 0000000000000 0000000000 0

S. Item Unit As per DPR As per BMRCL

No. Rate Qty. Amount Rate Qty. Amount
(Rsin Cr.) (RsinCr.]

1.0 Land

1.1 | Private land Hect. 29.56 | 6.650 196.57 30.00 21.25 637.50

1.2 | Govt.Land Hect. 5.00 | 14.600 73.00 0.00 14.60 0.0

1.3 | Railway Land Hect. 17.70 | 0.000 0.00 0.00 0.00 0.00g)
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e :
1.4 | Temporary land for casting
yard. working spaces etc. | oy 120 | 8.000 9.60 1.20 8.00 9.60
1.5 | Miscellaneous works like 0.00 0.00
Boundary wall etc. km 0.70 0.000 0.00 0.00
q’ 16 | Cost of land for 40.0
rehabilitation ( to be LS 40.00
: identified)
Sub Total (1) 319.17 687.10
‘ 2.0 | Alignment and
| Formation
) Underground section by
Cutl & Cover excluding | R. km. 101.16 0.000 0.00 0.00 0.00 0.00
2.1 Station length
| 2.2 | Tunneling by TBM R. km. 144 .31 0.000 0.00 0.00 0.00 0.00
# 2.1 Elevated viaduct section R. km. 29.87 | 19.320 577.14 31.50 19.320 608.58
‘ 2.1.1 | special Spans R. km. 4190 | 0.500 20.95 41.90 05.00 20.95
i Sub Total (2) 598.09 629.53
’ 3 Station Buildings
@ 4 Underground Station Each
. 120.75 0.000 0.00 0.00 0.00 0.00
3.1
Elevated stations
(including finishes)
2 | Type (A) way side Each 20.59 12.000 247.09 30.60 12.000 367.20
b Type (B) Way side with
signaling Each 22.02 2.000 44.04 32.40 2.000 64.80
o Type (C), Terminal station
Each 23.44 2.000 46.87 34.20 2.000 68.40
3o | Interchange facilities at Each 525 | 1.000 5.25 5.25 1.000 5.25
interchange stations
’ 3.3 | Subways for stations Each 10.00 | 12.000 120.00 12.00 12.000 120.00
| Sub total (3) 463.25 625.65
4 E&M Works
5.1 Underground station (E&M
,Lifts ,Escalators, DG sets, | Each 51.53 0.000 0.00 0.00 0.00 0.00
® UPS, TVS, ECS etc.)
41 Elevated station (E&M,
Lifts Escalators, DG sets | Each 6.53 | 16.000 104.50 6.47 16.00 103.52
etc.)
' Sub total (4) 104.50 103.52
5.0 | Depot
5.1 | Depot at Hebbagodi ( i/c Civil
Civil works, E & M,P&M, E&M
Track work, OHE etc.) 1%?;2&
LS 150.00 28.00
M&P
90.00
o
XV/XVII
@
@
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Sub total (5) 150.00 238.00?
6.0 | Permanent Way ’
6.1 ?
Ballastless track for
elevated and at grade R. km. 6.48 | 19.320 125.16 6.42 19.320 124.03
alignment ,
Sub total (6) 125.16 124.03*
7 Traction & power
7.1 | Traction & power supply
incl. OHE, ASS etc.
7.1.1 | Elevated & at grade
section R. km. 9.36 | 18.820 176.16 15.62 18.820 293.97’
Sub total (7) 176.16 293.97
8.0 | Signalling and Telecom.
8.1 | Signalling R. km. 9.73 | 18.820 183.12 11.37 18.820 213.9
8.2 | Telecom Esatgh 4.36 | 16.000 69.76 5.04 16.00 80.6
8.3 | Automatic fare collection
9.3.1 | Underground stations Each 2.96 0.000 0.00 0.00 0.00 0.0
8.3.2 | Elevated stations Each 2.96 | 16.000 47.38 2.50 16.00 40.00@
9.4 | PSD atvarious stations LS 0.00 0.00
Sub Total (8) 300.26 334.6
9.0 R & R incl. Hutments and 59.28
road restoration etc. LS 59 28
Sub Total (9) 59.28 5§9.2
10.1 | Misc. Utilities, other civil
works such as median,
road signages etc. R. km. 3.15 | 18.820 59.28 3.12 18.820 58.7
10.2 | Electrical Utilities LS 49.40 49.40
10.3 | Telecom Utilities LS 9.88 9.8
Sub Total (10) 118.56 118.0
11 Rolling Stock (SG) Each 8.40 | 66.000 554.40 66.00 9.50 627.00
12.1 | Barracks for CISF
including security LS 4.94
equipments
4.94
12.2 Staff Qutarters for O&M LS 2174 60.0
Sub Total (12) 26.68 64'9‘

sandra Corrid
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Total of all items except 3218.54
Land
2676.34

-
(2

-
F-Y

General Charges incl.
Design charge @ 5% on 160.93
all items except land

133.82
15 Total of all items
including General
charges 3379.47
2810.16
16 Total of cost inclusive 4066.57
land cost
3129.33
17 Contingencies @ 3 % 93.88 122.00
18 Gross Total 3223.21 4188.56

0.11 FINANCIAL ANALYSIS AND FINANCING PLAN

The completion cost including central taxes for R V Road - Bommasandra line of
18.82 km has been assessed as Rs. 4255 crores(Completion 31.03.2016).

Based on proposed fare structure and considering the land of 20 ha. Being
available for Property Development, FIRR for the project works out as 0.83 %.

Note by BMRCL.:
The completion cost of this line as BMRCL’s cost estimate is Rs.5744 crores

and the FIRR works out to

Financing Plan:

The R V Road — Electronic City — Bommasandra line of Bangalore Metro should be
basically funded on the same pattern as Phase-l of Bangalore Metro. Accordingly,
the funding mode as recommended is tabulated as under: -

Table 0.4 Funding pattern under DMRC model (with central taxes)

Particulars % Of contribution Amount (Rs/Crore)
VGF by GOI 20% 851.00
VGF by Karnataka State 61% 262000
Government
Land to be provided free of 8% 329 00
cost by State
Equity by Concessionaire 4% 162.00
Concessionaire’s debt 7% 303.00
@11% PA
Total 100% 4255.00

© 000000 0000000000 00006060008 0O OO OO OO OO O
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ECONOMIC ANALYSIS

Implementation of the proposed R V Road to Bommasandra line will result in
reduction of busses, vehicles on roads and increase in the journey speed of road
based vehicles. The Economic Internal Rate of Return for the project has been
worked out and given in the table below.

EI. Parameter Results
0.

1 EIRR (%) 18.1%
2 rEa::l;V (Rs. In crores @ 12% discount 1229 7

IMPLEMENTATION STRATEGY AND PROJECT IMPLEMENTATION

The project is to be implemented on priority as an extension to the phase-| of the
Bangalore Metro in the extended time frame i.e. by March 2016. However this
section gets priority as the major portion of Electronic City, Bommasandra Industrial
Area bound traffic is from the Jayanagar/J P Nagar area.

The civil works for the corridor can be implemented through 2 contract packages
for the Viaduct and 4 number for stations. The contracts are recommended to be
finalized on design and build basis for stations and part design build basis for
viaduct.

The systems contracts may also be finalized as recommended in chapter 12.
CONCLUSIONS AND RECOMMENDATIONS

For successful implementation of any metro project, which by its very nature is
highly technical and complex, huge in size and to be executed in difficult urban
environments, political will and commitment is necessary. Decisions are to be taken
fast and the implementing agency must have the required work culture,
commitment to targets, safety, quality and cost consciousness.

The implementation of the two corridors of Bangalore Metro is already in progress
by BMRCL. Based on the details as furnished in the Detailed Project Report the
project may be implemented on priority basis, as an extension to Phase-I.

*kkkk
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CHAPTER 1

INTRODUCTION

1.0 INTRODUCTION
1.1 Phase -| Corridors

1.1.1 Project Report (DPR) of Bangalore Metro Phase-l was prepared by DMRC
and submitted to BMRCL in May 2003. The Phase-I Metro network comprised
of two corridors:

(i) East -West corridor from Mysore Road Terminal to Baiyapanhalli Terminal -
18.10 km.

(1)) North —=South Corridor from Yeshwantpur to R V Road terminal -14.90 km.

1.1.2 DPR for extension of N-S Corridor at north end from Yeshwantpur to
Hesarghatta Cross for a length of 5.60 kms known as Peenya extension was
submitted in October 2007. A maintenance depot with full workshop facilities
was proposed at Peenya.

1.1.3 DPR for extension of N-S Corridor at south end from R V Road terminal to
Puttenahalli cross was submitted on 14" June 2008.

1.1.4 The details of North — South line including extensions as sanctioned in
Phase-| are given in table 1.1 and 1.2 and the implementation is in progress.

Table 1.1
DETAILS OF NORTH — SOUTH CORRIDOR IN PHASE-I
S.No. Section Length No. of Stations
(in km)

1. | Hesarghatta Cross to 05.600 06 (all elevated)
Yashwantpur (excl)

2. | Yashwantpurto RV 14.900 15 (12 elevated & 3 undergrour
Road
3. | RV Road (excl) to 03.665 03 (all elevated)
Puttenahalli Cross
TOTAL 24.165 24 (21 elevated & 3 undergroun

DPR FOR R. V. ROAD — BOMMASANDRA CORRIDOR MAY 2011 1/5



Table 1.2

Chapter 1- Introduction

LIST OF STATIONS ON NORTH-SOUTH CORRIDOR IN PH-I
(Presently under implementation)

S. No C/L Chainage of | Inter
NAME station (in m) Station
Distance
(in m)
1 Hesarghatta Cross -5400 -
2 T. Dasarahalli -4497 903
3 Jalahalli -3747 750
4 Peenya Ind Area -3021 726
5 Peenya -1950 1071
6 Outer Ring Road -1138 812
7 Yeshwantapur 0 1138
8 Soap Factory 1103 1103
9 Mahalakshmi 2102 999
10 | Rajaji Nagar 3069 967
11 Kuvempu Road 3975 906
12 | Malleswaram 4728 753
13 | Swastik 5864 1136
14 | Majestic 7540 1676
15 | Chickpete 8559 1019
16 City Market 9235 676
17 K R Road 10427 1192
18 Lal Bagh 11431 1004
19 South End Circle 12386 955
20 Jayanagar 13288 902
21 RV Road 14180 892
22 Banashankari 15540 1360
23 J.P.Nagar 16413 873
24 Puttenahalli Cross 17798 1385
Table 1.3

LIST OF STATIONS ON EAST-WEST CORRIDOR IN PHASE-I

(Presently under implementation)

S. No C/L Chainage of |Inter Station
NAME station (in m) Distance (in m)

1 [Mysore Road Terminal 0 -

2 |Deepanjali Nagar 1117 1117

3 |Vijaya Nagar 2345 1228

4 [Hosahalli 3446 1101

5 |Toll Gate 4448 1002

6 |Magadi Road 5600 1152

7 _|City Railway Station 6755 1155

8 |Majestic 7503 748

9 |Central College 8697 1194

10 }Vidhan Soudha 9318 621
V.ROAD - BOMMASANDRACORRIDOR ' MAY 2011 - 2/5
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11 |Cricket Stadium 10643 1325
12 |M G Road 11380 737
13 |Trinity Circle 12522 1142
14 |Ulsoor 13725 1203
15 |Indira Nagar 14610 885
16 |Old Madras Road 16419 1809
17 |Byappanahalli 17374 955
1.2 Phase - Il Corridors.

BMRCL vide their letter No.BMRCL/MD/PS/09-10/298 dt.25-03-2010 conveyed
approval of HPC for preparation of DPRs in respect of the extensions/corridors
as mentioned below.

Sl Corridor approved by HPC for inclusio in Phase-Il Length
No. (Km)
1. Extension of East-West Line: Mysore Road Terminal - Kengeri 6.10

2. Extension of East-West Line: Baiyappanahalli - ITPL- Whitefield 15.50
3. Extension of North-South Line: Hesaraghatta Cross to Bangalore
International Exibition Centre (BIEC) 4.00
4, Extension of North-South Line:Puttenahalli Cross to Anjanapura 6.00
Township(upto Nice Road)
5. New North South Line: Indian Institute if Management, Bangalore 19.80
(IMB) to Nagavara

Total 51.40

HPC in their supplementary meting to the 8™ High Power Committee meeting
held on 06.05.2010 decided that DPR for R.V. Road — Bommasandra corridor
(18.83 Km) should also be prepared. Copy of the letter and minutes of the
supplementary meeting are placed as Annexure to this Chapter.

Phase-| Metro Corridors and approved Phase-ll Corridors of Bangalore Metro
are shown in Fig 1.1.

1.2.1 The I.T industry organizations of Electronic City had come up with a strong plea
to provide Metro Rail connection to Electronic City urgently under phase - |
itself. The Government of Karnataka is keen to provide Metro connection to
Electronic city on priority. DPR for RV Road Terminal to Electronic City was
submitted to BMRCL in May 2010.

1.2.2 The Report for the following extensions of the East-West Line and North -South
Line of Phase-l in both directions (four extensions) has been submitted to
BMRCL in November 2010 .

DPR FOR R.V.ROAD - BOMMASANDRA CORRIDOR
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Si. No Extension of Phase -l Corridors in Phase-lI| Length (Km)
. Extension of E-W line from Mysore Road to Kengeri — Future
i. . 7.09
Station
i Extension of E-W line from Baiyyappanahalli to ITPL - 15.50
' Whitefield ]
Extension of N-S line from Puttenahalli to Anjanapura
iii. . 6.29
Township
iv. Extension of N-S line from Hesaraghatta Cross to BIEC 3.77
TOTAL 32.66
The details of proposed extensions of Phase — | lines (four extensions) are as
under:

(i) Extension of Phase — | E-W line on the west side from Mysore road Terminal to

(i)

(iii)

Kengeri- Future Station.

The satellite town ‘Kengeri’ which has come up in the outskirts of south-western
part of Bangalore has developed and further is a fast developing suburb. The
traffic on the Mysore road up to Kengeri has also increased a lot in the recent
past. Conveniently, passengers from/to Mysore may terminate/originate here.
Therefore the necessity of extension of Mysore road Terminal to Kengeri.

Extension of Phase — | E-W line on the East side from Baiyyappanahalli to
ITPL/Whitefield.

The hub for the IT industry after Electronic City is the ITPL area. Also the
Doddanekkundi Industrial Estate, KSIIDC Industrial Estate, Visveshwaraiah
Industrial Estate, KIADB Export Promotional Industrial Area etc also exist along
this line which caters for a large number of ridership. Also the Whitefield Railway
Station which the Railways are planning to make a transportation hub on the
eastern side, the Sri Sathya Sai Baba Ashram near the Whitefield Railway
Station and a large number of Real Estate projects in Whitefield area caters for
large number of ridership. As per the traffic survey, the traffic on the Phase-| E-
W line is almost doubled by the extension of this line up to ITPL/Whitefield.
Therefore the necessity of extension of Baiyyappanahalli to ITPLMWhitefield.

Extension of Phase — | N — S line on south side from Puttenahalli Cross to
Anjanapura Township (NICE road x-ing)

The Phase-l N-S line is already under construction up to Puttenahalli cross on
Kanakapura road. In phase-ll the same line is proposed for extension up to

4/5



(iv)

1.3

1.4
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Anjanapura Township (NICE road x-ing) along Kanakapura road. There is a
large number of ridership from this part of the city travelling to & fro from City.
Therefore the necessity of extension of Phase-I N-S line on the southern side to
Anjanapura Township (NICE road x-ing).

Extension of Phase — | N-S line on north side from Hesaraghatta Cross to
Bangalore International Exhibition Center (BIEC)

The Phase-l N-S line is already under construction up to Hesaraghatta Cross on
Tumkur road. In phase-ll the same line is proposed for extension up to
Bangalore International Exhibition Center (BIEC) (beyond NICE road x-ing)
along Tumkur road. A lot of visitors who intend to go to the Exhibition Center
from various parts of the city will be benefitted to visit the BIEC as the travel time
required as of now is too much. Therefore the necessity of extension of Phase-|
N-S line on the Northern side to BIEC.

As decided by HPC, the DPR for R\V. Road to Bommasandra in place of
R. V. Road to Electronic City is now submitted. It has also been decided by
BMRCL that the alignment on Hosur Road has to be on the Centre line of
service road with single pier as against the portals proposed in the DPR of
R. V. Road to Electronic City submitted earlier.

This Report is structured in 12 Chapters as below:

Chapter - 1 Introduction

Chapter - 2 Traffic Forecast

Chapter - 3 System Selection
Chapter - 4 Civil Engineering
Chapter -5 Train operation plan

Chapter - 6 Power Supply

Chapter — 7 Maintenance Depot

Chapter — 8 Environmental Impact Assessment

Chapter—9 Cost Estimates

Chapter — 10 Financial viability, fare structure & financing options
Chapter — 11 Economical internal rate of return

Chapter — 12 Implementation plan

*kkkk
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CHAPTER 2

TRAFFIC FORECAST

2.0 TRANSPORT DEMAND FORECAST
2.1 Travel Characteristics
2.1.1. General

Bangalore Metro Rail corporation limited has been implementing the Bangalore
Metro for the city of Bangalore. It is currently implementing the Phase 1 of the
Bangalore metro. A DPR was earlier submitted to supplement the Phase 1 with
a proposed line from R.V road terminal (of Phase 1) to Electronic City. However,
subsequently it has been decided that the DPR should be prepared for this
connection up to Bommasandra in place of Electronic City with its length as
18.82 kms.

This Chapter covers the transport demand projections for the R.V Terminal to
Bommasandra line and section and station loadings for the same.

2.1.2. TRANSPORT DEMAND MODELLING
Data Base

Detailed Household surveys and various traffic surveys were carried out during
the DPR study. Results of the surveys are presented in a volume titled * Interim
Data Report”. The Transport Demand model was developed and the future OD-
Matrics based on the projected Population and employment was developed.

The Network for the proposed R.V Road terminal to Bommasandra alignment has
been developed from the same primary database and used in the Transport

Demand Model

The Four Stage Transport Demand Model involving trip generation, Trip
distribution, Modal Split and Assignment has been used.

The basic functions included in the transportation study process are:

DPR FOR R.V. ROAD — BOMMASANDRA CORRIDOR MAY 2011
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e Trip-end prediction or trip generation and attractions - i.e., the
determination of the number of person trips leaving a zone
irrespective of destination and the number of trips attracted to a
zone, irrespective of origin.

. Trip distribution — the linking of the trip origins (generation) with
their destinations (attraction).

o Modal split — the division of trips between public transport modes
and different private modes

. Assignment — the allocation of trips between a pair of zones to
the most likely route(s) on the network.

o Evaluation — assessing the effectiveness of the network in

meeting the transport demand.

The details of the planning process as adopted for this study is shown in Figure
21.

2.1.3 ZONING

The entire study area has been delineated into 182 zones as shown in Figure
2.2. Among them 172 are the internal zones and the remaining zones (10
zones) are external zones. Detailed list of all these zones is given in the
Annexure 2.1.

Summary of population projection and employment projections is presented in
the Table 2.1.

Table 2.1 Population and Employment projection

Baseyear 2011 2021 2031
Population(in lakhs) 73.99 80.15 99.67 123.11
. 37.87 48.01
Employment(in lakhs) 26.63 29.25

These figures are based on the Census (2001) and projected for future in
consultation with the city development authorities.

Q.Q.O..O0.0COOQ'..Q".O.QQQ.QQ..CQ..‘
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2.1.4 Trip Information

The trip information obtained from the survey has been analyzed with respect to
distribution of total trips by mode. The daily trips by various modes are
presented in Table 2.2 and Fig. 2.3.

Table 2.2 Distribution of Motorised Trips

EAL AL Internal | External | _ .
Sl. No Mode “ips Trips Total Trips
1 Two-wheeler 1829858 84083 1913941
2 Car 826909 90360 917269
3 Autorickshaw 927371 14760 942131
4 Public Transit 3519338 672120 4191458

Total 7103475 861323 7964798

Figure 1.3. Mode Split — Motorized

Public Transit
49% Two-wheeler

2 60/(1

Autorickshaw
13%

Bus trips constitute about 49% of the total trips while Two-wheeler trips are 26
%, Auto trips 13% and Car trips constitutes 12%.
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TRANSPORT DEMAND MODEL AND PARAMETERS
Model Description

As stated earlier, standard four stage Model i.e. Trip generation, trip
Distribution, Modal split and Assignment is used. Extensive Household
surveys and traffic surveys were carried out and the four stage model was
developed. The horizon year Origin Destination (O — D) Matrices for
private and public modes were also developed using the Gravity Model.
The parameters obtained from the Model have been used for the transport
demand projections for extension of Bommasandra corridor.

CAPACITY OF THE ROAD SYSTEM
The types of roads and their capacities are given in Table 2.3

TABLE 2.3 TYPES OF ROADS AND THEIR CAPACITIES

2L-1W-UD 6000
4L-1W-UD 12000
4L-2W-UD 3800
9 4L-2W-D 4500
11 6L-2W-D 6700
(Note: I: Lanes, 1w- One Way ,UD- Undivided, D- Divided,2W- Two way )

Speed Flow Relationship

In addition to the capacity values, the speed flow relationships of the four types
of links are required for modifying the speeds for each incremental loading. A
Mathematical model was deveioped for each link type. These mathematical
models are shown in table 2.4:

Table 2.4: Speed Flow Relations

S.NO Lane Details Equation R?

1 6L-2W-D 49.97-0.000001 X2 0.99

4L-2W-D 43.03-0.001X-.0000014 X? 0.98

3L-2W-UD 38.45-0.008X 0.90

HjiwpN

2L-2W-UD 35.11-0.011X 0.82

DPR FOR R. V. ROAD - BOMMASANDRA CORRIDOR MAY 2011 4/23
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The initial free flow speeds taken for the assignment of public and private
modes are summarized in Table 2.5.

Table 2.5 Free flow Speeds

Mode Free Flow Speed in kmph*
2-lane 4-lane 6-lane
All modes | 36 40 49

2.2.4 TRIP CATEGORIZATION

The passenger transport demand in terms of daily passenger trips has been
broadly categorized as intra-city and inter-city trips. The inter-zonal trips are the
most important, so far as transport system development is concerned. The trips
were classified by different motorized modes including private, hired and public
motorized vehicles.

2.2.5 TRIP GENERATION

The first of the sub-models in the study process is that which predicts the
number of trips starting and finishing in each zone. The techniques developed
attempt to utilize the observed relationships between travel characteristics and
the urban environment and are based on the assumption that ‘trip making’ is a
function of three basic factors:

) Land use pattern and development in the study area,

) Socio-economic characteristics of the trip-making popuilation of the study
area, and

. Nature, extent and capabilities of the transportation system in the study
area

Mathematically, trip generation can be expressed as:

Trips Generated = Function (socio-economic, locational etc. variables)

Various techniques for developing the trip generation sub-models are
available and notable among them are:

. Regression Analysis
. Category Analysis or Cross Classification Analysis

A typical regression analysis for trip generation model is
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G=A+2" aj X
=1
Where
G = No. Of trips (produced/attracted) in a zone for a
specific purpose.
Ao = Constantterm to be calibrated.
Q, a1, . ak = Coefficients to be determined by the regression
analysis
X1, Xz = Zonal planning input factor (independent)
variable)

The significance of the regression equation is tested on the basis of R? value
and the t-statistics value (for each of the coefficients).

Typical inputs for trip generation sub-models are population, employment,
vehicle ownership, household income, residential density, etc. These models
are developed using standard computer programs.

Population is a major influencing factor for trip generation. As it is one of the
major variables in the trip end models used for obtaining the future trip ends, it
has an influence in the over all trip productions / attractions.

For the generation of trip generation sub-models, analysis has been carried out
at zonal level utilizing regression analysis technique. The generalized form of
the trip generation equation to be developed is as under: -

Y=A+BX
Where Y=Trips produced or attracted

A=Constant term

B=Trip rate to be determined from least square Analysis
X=Independent variable e.g., population, employment, Vehicle
ownership

The results of calibration of different models are given in Table 2.6

Table 2.6 Generation for Total Trips

Co-off.
Intercept 1653
X Variable 0.037
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By using the above table the value of R? was found to be 0.55 (Assuming
Population in zones as the variable).

Table 2.7 Trip attraction for total trips

Co-off.
Intercept 1312
X Variable 0.126

By using above expression the value of R? was found to be 0.81 (Assuming
Employment in zone as variable).

The population and employment projection for the horizon years is presented in
Table 2.8 below:

Table 2.8 Population and employment projections

Year Population(Lakhs) Employment(Lakhs)
Base year 73.99 26.63

2011 80.15 29.25

2021 99.67 37.87

2031 123.11 48.01

2.2.6 PER CAPITA TRIP RATE (PCTR)

Adopted Per Capita Trip Rate for base and horizon years i.e., 2011, 2016 and
2021 and 2031 are as given in the Table 2.9.

Table 2.9 Adopted PCTR (Vehicular) Value

Year PCTR Value
Base year 0.96
2011 0.99
2021 1.09
2031 1.21
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2.2.7 TRIP DISTRIBUTION AND MODE CHOICE

A regular four stage transport model distributes the trip ends to the zones
initially and then selects the choice of the mode. Trip distribution normally is
carried out using the traditional gravity function. Many methods are available for
mode choice including diversion curve, utility based logit model etc. The present
study combines the trip distribution and mode choice to form a combined Trip
Distribution and Modal Split phase using a conventional doubly constrained
gravity model of the form:

Tijm=ri Gi sj Aj Fijm

Where T= number of inter zonal trips between zone | & jand by mode m
G= Total generation trip ends by zone

A= Total attraction trip ends by zone

i=Generation Zone

j= Attraction Zone

r.s=Balancing factors (constants)

Fijm= Deterrence function for mode m

Fijm= Km e-Bcijm Cijm q ---cemmmeeeeev Eqn 1

Where K= Constant Factor

C=Generalized Cost

B= Calibration Constant —Exponential function
a=Calibration Constant- Power function

Double Constraints are imposed by ensuring that

ZTij =G, ZTU =4,
Jm Im

and

The calibration includes estimation of parameters of the deterrence function is in
the form of Gamma (Refer Eqn 1). The calibration process for combined trip
distribution and mode choice is explained in flowchart as shown in Figure 2.4.

The cost of travel (C- generallised cost) between the zones has been estimated
based on skims from the Highway and Public Transport assignment. The
estimation of generallised cost for the base year is explained in the following
section.
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Calibrated parameters for the Deterrence function by mode is given in Table

2.10

Table 2.10 Calibrated Deterrence Functions for Morning peak hour

Morning Peak
Mode K ALPHA BETA
Two wheeler 0.147 -0.5 0.1
Car 11.8 1.0 8.8
Auto Rickshaw 1.1 0.4 3.2
Public Transport 2.54 1.73E-13 22.0

2.2.9 TRIP ASSIGNMENT

2.2.9.1 Trip assignment is the process of allocating a given set of trip interchanges to a
specific transportation system and is generally used to estimate the volume of
travel on various links of the system to simulate present conditions for validation
purposes and to use the same for horizon years for developing forecast
scenarios. The process requires as input, a complete description of either the
proposed or existing transportation system, and a matrix of inter-zonal trip
movements. The output of the process is an estimate of the trips on each link of

the transportation system,

although the more sophisticated assignment

techniques also include directional turning movements at intersections.

The purposes of trip assignment are:

1.

To assess the deficiencies of the existing transportation system by
assigning estimated future trips to the existing system — Do Nothing

Scenario.

To evaluate the effects of limited improvements and extensions to the
existing transportation system by assigning estimated trips to the

network which included these improvements.

To develop system development priorities by assigning estimated future
trips for intermediate years to the transportation system proposed for

these years.

To test alternative transportation system proposals by systematic and
readily acceptable procedures.
To provide design hours volumes and turning movements.
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2.2.9.2 Assignment Procedure Adopted

The observed highway and public transport matrices were assigned on the
network to check the validation across the screen lines. The assigned traffic
volume has been compared with the observed traffic counts. The assignment is
carried out in two stages with the assignment of Transit trips following the
Highway PCU Assignment. The highway assignment is the assignment of
vehicles on Roads and this is carried out also in stages with commercial
vehicles and buses taken as pre loads. The transit assignment is the
assignment of commuters on a Public Transit Network which comprises of
buses, metros etc which are linked on to the zonal system via walk links. This
methodology is presented in Figure 2.5.

2.2.9.3 PCU Conversion Factor
The results from the trip assignment, which is in terms of person trips, have to
be converted to PCU trips for updating the link speeds. As the occupancy levels
of the private modes are quite different from the road-based public transport
modes, separate passenger to PCU conversion factors were derived for the two
types of travel. The factors used for the study area are given in Table 2.11

Goods vehicles and other slow moving vehicles use the roads simuitaneously.
Thus the capacity comparison and speed modifications must take movement of
these vehicles in mixed traffic conditions into account. Thus, after the person
trips are converted to vehicles trips in terms of PCUs, the goods traffic factor is
added to boost up the value to incorporate the mixed flow conditions because of
goods vehicles and the slow moving vehicles.

TABLE 2.11 PCU CONVERSION FACTORS

o3 Modes PCE Values
Q v
g g ln—_ Two wheeler 0.50
- o - :
o 2 Auto rickshaw 0.50
Car 0.80
© * Modes PCU Values
e o
9 © Truck 3.7
€ =
EQ MAV 40
o
LCV 1.4

MAY 2011
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2.3 TRANSPORT DEMAND PROJECTIONS

2.3.1 The proposed stations on the R.V road terminal to Bommasandra is given in

Table 2.12
Table 2.12 - Interstation distances in the extension
Station Name of Station ln-ter Station
Distance (M)
no
1 RV Road Terminal -
2 Ragigudda Temple 1.256
3 Jayadev Hospital Compound 1.199
4 BTM Layout 1.128
5 Silk Board Junction 0.960
6 HSR Layout 1.218
7 Oxford College 1.200
8 Muneshwara Nagar 0.897
9 Chikka Begur 1.399
10 Basapur Road 1.796
11 Hosa Road 0.945
12 Electronic City | 0.992
13 Electronic City 0.997
14 Huskur Road 1.473
15 Hebbagodi 1.388
16 Bommasandra 1.113

The alignment is 18.83 km in length with 16 proposed stations up to
Bommasandra. It may be noted that station spacing along the alignment varies
from 0.79 km to 1.79 km.

2.3.2 Section Loading

The traffic assignment was carried out on the R.V road terminal to
Bommasandra line with the phase 1 lines, its four extensions and Nagavara to
[IM(B) new corridor in place. The loading on the proposed R.V Road terminal to
Bommasandra line is presented in Table 2.13

Table 2.13 Summary of Transport demand projections

Peak Hour | Number of Passenger .
Year | gectional | passengers KM MIZ ?ln :::p
' loading | (Lakhs/day) (Lakhs) 9
2016 | 13,078 2.40 19.27 8.0
2021 | 17275 3.70 30.78 8.3
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2031
2041

38.22 8.4
4214 8.4

21,274 4.55
23,442 5.02

The total ridership in the proposed line in the year 2016, 2021,2031 and 2041
will be 2.40,3.70,4.55 and 5.02 lakhs passengers per day respectively. Based
on traffic volume counts, peak hour factor of 9 has been arrived for the city.

The PHPDT on the system in 2016 will be 13078 and by 2041 it is likely to be of
the order of 23442. The section wise loading and PHPDT is presented in
Annexure 2.2.

2.3.3 Station loading
The daily station loading(two way boardings) of RV Road terminal to
Bommasandra line on the north south corridor is presented in Table 2.14.

Table 2.14 Daily Station Loading for RV Road terminal to Bommasandra
line

Station Name 2016 2021 2031 2041
R.V.Road Terminal 77474 104885 129431 142618
Ragigudda temple 8342 13152 16229 17882
Jayadeva Hospital 63004 82333 101061 111357
BTM Layout 4653 6260 7671 8452
Silk board 17466 23847 28087 31834

HSR Layout 4171 8617 11283 11552
OXFORD ENGG College 2946 8161 9793 10791
Munishwara Nagar 8573 19067 23072 25422
Chikka 'Begur 8971 15992 19406 21383
Basapur Road 7431 13745 16580 18269
Hosa Road 9472 18173 22012 24255
Electronic City — | 6752 11481 14490 15966
Electronic City 4637 7487 9329 10280
Huskur Road 4928 11641 14782 16288
Hebbagodi 6227 10385 12966 14287
Bommasandra 4910 15247 19035 20975

(Note: Numbers are total Boardings with both directions (Up and Down) put together
2.3.4. Trip length frequency distribution

The trip length frequency distribution of the Metro trips is presented in
Annexure 2.3 it can be observed that the average trip length for the years
2016 and 2041 are 8.0 and 8.4 km respectively.

" DPR FOR R V.ROAD - BOMMASANDRACORRIDOR = MAY 2011
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Figure 2.1: Modeling approach
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Figure 2.2: Zoning system
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Figure 2.4: Calibration process
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Figure 2.5. Trip Assignment
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ANNEXURE -2.1

ZONE NUMBERS AND ZONE NAMES

Zone No Zone name Zone No Zone name
1 HMT 39 Marenahalli
2 Jalahalli 40 Govindarajanagar
3 Yeshwanthapura 41 Amarjyothi Nagar
4 Mathikere 42 Mudala Palya
5 Kodandarampura 43 Chandra Layout
6 Dattatreya Temple 44 Attiguppe
7 Malleshwaram 45 Gali Anjaneya Temple
8 Gayathrinagar 46 Bapuji Nagar
9 Subramanyanagar 47 Padarayanapura
10 Mahalakshmipuram 48 Jagajeevanaram Nagar
11 Peenya Industrial Area 49 Azad Nagar
12 Nandini Layout 50 Chamrajpet
13 Geleyarabalaga Extension 51 Dharmarayaswamy Temple
14 Nagapura 52 Sudhamanagara
15 Rajajinagar 53
16 Kamalanagar 54 Kempegowdanagar
17 Vrishabavathi Nagara 55 Vishweshwarapuram
18 Kamakshipalya 56
19 Basaweshwaranagar 57 Basavanagudi
20 Shivanagar 58 Hanumantha Nagar
21 59 Srinagar
22 Industrial Town 60 Srinivasanagar
23 61 Padhmanabhanagar
24 Sri Ram Mandir 62 Ganesha Mandir
25 Prakashnagar 63 JP Nagar
26 Bashyamanagara 64 Jayanagar
27 Ramachandrapuram 65 Yediyur
28 66 Pattabiramnagar
29 Sevashrama 67 Mavalli
30 68 Hombegowdanagar
31 Gandhi Nagar 69
32 Chickpet 70
33 Cottonpet 71 Lakkasandara
72 153 Avalahalli
73 Gurappanapalya 154 K.R.Puram
74 B.T.M. Layout 155
117 156

DPR FOR R.V.ROAD —BOMMASANDRA CORRIDOR
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Zone No Zone name Zone No Zone name
118 Kacharakanahalli 157 Sadar Mangala
119 158 Whitefield
120 159
121 160
122 Sagayapuram 161 Varthu r
123 Pulikesy Nagar 162
124 Jayamahal 163 Dommasandra
125 Devarajeevanahalli 164 Begur
126 Kadugondanahalli 165
127 Kaval Byrasandra 166
128 Hebbal 167
129 J.C. Nagar 168
130 Ganga Nagar 169 Electronic City
131 170 Bannerghatta
132 171 Anjanapura
133 Aramane Nagar 172 Kqubafagoda
134 173 Towards Doddaballappur
135 174 Towards Hyderabad
136 175 Towards Kolar
137 176 TowardsSarjapur
138 Sanjayanagar 177 Towards Hosur
139 Kengeri 178 Towards Bannerghatta
140 Herohalli 179 Towards Kanakpura
180 Towards Mysore
181 Towards Magadi
182 Towards Tumkur

DPR FOR R.V.ROAD - BOMMASANDRA CORRIDOR
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ANNEXURE 2.2

PEAK HOUR BOARDINGS, ALIGHTING AND SECTION LOADINGS - 2016- METRO
PHASE 1 EC EXTENSION

o 000000000000000000000000000000000 0

o —= o —
s se g1 £ 82| £ s¢ £ £ |58
2 38 5 5 | B& £ 38 T 5 | 3R
5 »Z 8 | = | 82| & »Z 8| 2| 8=
1 RV Road
Terminal 9684 0 9684 16 | Bommasandra | 614 0 614
2 Ragigudda
Temple 1036 0 10720 15 | Hebbagodi 778 0 1392
3 Jayadev
Hospital
Compound 4810 | 2452 | 13078 14 Huskur Road 581 31 1942
4 BTM Layout Electronic
227 333 12973 13 | City 543 3 2454
5 Silk Board Electronic
Junction 621 3118 | 10476 12 [ City -1 782 61 3175
6 | HSR Layout 41 | 126 |10391| | 11 |HosaRoad | 1011 | 58 | 4128
7 Oxford College Basapur
102 456 | 10037 10 | Road 811 40 4899
8 Muneshwara
Nagar 187 942 9283 9 Chikka Begur | 808 116 5591
9 Chikka Begur Muneshwara
314 795 8801 8 | Nagar 884 105 | 6370
10 | Basapur Road OXFORD
118 696 8224 7 College 267 35 6602
11 | Hosa Road 173 | 1227 | 7170 6 | HSRLayout | 480 | 103 | 6979
12 | Electronic City | | g3 | 2048 | 5184 5 | Silk board 1562 | 474 | 8067
13 | ElectronicCity | 37 | e87 | 4534 4 | BTMLlayout | 354 | 209 | 8212
14 | Huskur Road Jayadeva
35 1845 | 2724 3 Hospital 3066 | 2490 | 8787
15 | Hebbagodi Ragigudda
0 1638 1086 2 temple 7 746 8048
16 | Bommasandra R.V.Road
0 1086 0 1 Terminal 0 8048 0
MAY 2011
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PEAK HOUR BOARDINGS, ALIGHTING AND SECTION LOADINGS - 2021- METRO
PHASE 1 EC EXTENSION

o] o = o) o =
= s £ £ |52 |s] s | 5| £ | sg
2 ol a ® | B8 2 53 S ) B8R
g Z 3 T | 82 & ® @ < B <2
1 RV Road Bommasandr
Terminal 13111 0 13111 16 | a 1906 0 1906
2 Ragigudda
Temple 1639 0 14749 15 | Hebbagodi 1298 0 3204
3 Jayadev
Hospital Huskur
Compound 5933 | 3408 | 17275 14 | Road 1413 28 4590
4 BTM Layout Electronic
347 411 17212 13 | City 861 72 5378
5 Silk Board Electronic
Junction 810 3758 | 14263 12 | City - | 1320 122 6577
6 | HSR Layout 75 | 466 | 13873 | |11 | HosaRoad | 2043 | 106 | 8514
7 Oxford College Basapur
373 598 13648 10 | Road 1545 93 9966
8 Muneshwara Chikka
Nagar 259 1435 | 12472 9 | Begur 1607 166 11406
9 Chikka Begur Muneshwara
392 973 11892 8 | Nagar 2124 140 13390
10 Basapur Road OXFORD
173 923 11142 7 | College 647 67 13970
1 | Hosa Road 229 | 1635 | 9735 6 | HSRLayout | 1002 | 650 | 14322
12 | ElectronicCity | | 445 | 2835 | 7016 5 | Silk board 2171 | 682 | 15811
13 | FlectronicCity | 75 | 843 | 6248 4 |BTMLayout | 435 | 344 | 15902
14 Huskur Road Jayadeva
42 2536 3753 3 | Hospital 4358 4614 15646
15 | Hebbagodi Ragigudda
0 2416 1337 2 | temple 5 1293 14358
16 Bommasandra R.V.Road
0 1337 0 1 | Terminal 0 14358 0
.- DPR FOR R V. ROAD -BOMMASANDRACORRIDOR = MAY 2011
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PEAK HOUR BOARDINGS, ALIGHTING AND SECTION LOADINGS - 2031- METRO
PHASE 1 EC EXTENSION

o — o} —
= | &t 21282 || s -
2 ol S | |88 2 o g 5 | B8
& ® @ | T | $6=2 & @ @ < | a”®
1 RV Road
Terminal 16179 0 16179 16 | Bommasandra | 2379 0 2379
2 Ragigudda
Temple 2022 0 18201 15 | Hebbagodi 1621 0 4000
3 Jayadev
Hospital
Compound 7295 | 4221 | 21274 14 | Huskur Road | 1794 35 5759
4 BTM Layout Electronic
427 508 | 21193 13 | City 1070 92 6737
5 Silk Board Electronic
Junction 886 | 4527 | 17552 12 | City - | 1663 156 8244
6 | HSR Layout 191 | 570 | 17174 11 | Hosa Road 2469 | 133 | 10579
7 Oxford College Basapur
456 707 | 16923 10 | Road 1860 116 | 12323
8 Muneshwara
Nagar 317 | 1717 | 15523 9 Chikka Begur | 1942 | 201 14063
9 Chikka Begur 484 1170 | 14837 8 Muneshwara 2566 166 16463
Nagar
10 Basapur Road OXFORD
213 | 1120 | 13930 7 | College 768 180 | 17052
11 | Hosa Road 283 | 2026 | 12186 6 | HSRLayout | 1219 | 685 | 17586
12 Electronic City
I 148 | 3538 | 8797 5 [ Silk board 2625 818 | 19393
13 | ElectronicCity | o5 | 1049 | 7844 4 | BTM Layout 532 | 423 | 19502
14 Huskur Road Jayadeva
54 3185 | 4713 3 | Hospital 5338 | 5664 | 19176
16 Hebbagodi Ragigudda
0 3034 | 1679 2 | temple 6 1585 | 17597
16 Bommasandra R.V.Road
0 1679 0 1 | Terminal 0 17597 0
. MAY 2011

DPR FOR R.V.ROAD — BOMMASANDRA CORRIDOR




Chapter 2 — Traffic Forecast

PEAK HOUR BOARDINGS, ALIGHTING AND SECTION LOADINGS - 2041- METRO
PHASE 1 EC EXTENSION

2 c 2 b= E 2 c 2 > ® o
S - s |2 | £p 5 - 5 | £ | §¢
g1 &2 5 |2 |85 | 5| &2 5| 2 |33
g n 8 Z (;)3 & » @ < n =
1 RV Road 1782
Terminal 7 0 17827 16 | Bommasandra 2622 0 2622
2 Ragigudda
Temple 2228 0 20055 15 | Hebbagodi |, 1786 0 4408
3 Jayadev :
Hospital
Compound 8038 | 4651 | 23442 14 | Huskur Road 1976 39 6345
BTM Layout 470 | 560 | 23352 13 | Electronic City | 1179 | 101 7424
Silk Board Electronic City
Junction 1087 | 4988 | 19451 12 | -1 1832 | 172 9084
HSR Layout 100 | 628 | 18924 11 | Hosa Road 2720 | 147 11657
Oxford College | 502 | 779 | 18647 10 | Basapur Road | 2049 | 128 | 13578
Muneshwara
Nagar 350 | 1892 | 17105 9 | ChikkaBegur | 2140 | 222 | 15496
9 Chikka Begur Munishwara
533 | 1289 | 16349 8 | Nagar 2828 | 183 | 18140
10 Basapur Road OXFORD
235 | 1234 | 15350 7 | College 847 88 18899
11 | Hosa Road 312 | 2232 | 13429 6 | HSR Layout 1344 | 865 | 19377
12 Electronic City
! 163 | 3898 | 9694 5 | Silk board 2892 | 901 21368
13 | Electronic City 106 | 1156 | 8643 4 | BTM Layout 586 466 | 21489
14 Huskur Road Jayadeva
) 60 | 3510 | 5193 3 | Hospital 5882 | 6241 | 21130
15 Hebbagodi Ragigudda
) 0 3343 | 1851 2 | temple 7 1747 | 19390
16 Bommasandra R.V.Road
0 1851 0 1 | Terminal 0 19390 0
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Annexure 2.3.

Trip length distribution — Metro Phase 1 EC Extension - 2016

Trip Length in KM Trips
Oto3 7852

3to6 5968

6to9 3157

9to 12 4087

12to 15 5032
15t0 20 3899

Trip length distribution — Metro Phase 1 EC

Extension - 2021

Trip Length in KM Trips
Oto3 10738

3to6 9236

6109 5372

9to 12 6660

12t0 15 7708

15to0 20 6594

Trip length distribution — Metro Phase 1 EC

Extension - 2031

Trip length distribution — Metro Phase 1 EC

Trip Length in KM Trips
Oto3 13171

3to6 11179

6t09 6485

9to 12 8163

12to 15 9606

15t0 20 8300

Extension — 2041

Trip Length in KM Trips
Oto3 14512

3to6 12318

6t09 7146

9to 12 8994

12to 15 10584

15 to 20 9146
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CHAPTER 3

SYSTEM SELECTION

3.0 INTRODUCTION

R V Road — Bommasandra metro extension of extension of North — South (N-S) corridor
of Bangalore Metro Phase-| is an elevated corridor with a route length of 18.82 kms. It
will partly run on inner ring road, partly on Hosur road and pass through Electronic City
before terminating at Bommasandra. The extended section has 12 elevated stations up
to Electronic City and 16 up to Bommasandra including R.V. Road. The systems for this
extension will be exactly the same as already recommended for the corridors of Phase-I.
However, the same are briefly mentioned as as under.

3.1 PERMANENT WAY
3.1.1 CHOICE OF GAUGE

The DPR for the E-W & N-S corridors of Bangalore Metro Rail Phase-| indicated
Standard Gauge (1435mm) to be adopted for reasons elaborated there in. The
same has to be adopted for this line also.

3.1.2 TRACK STRUCTURE
Track on Metro Rail Systems is subjected to intensive usage with very little time
for day-to-day maintenance. Thus, it is imperative that the track structure
selected for Metro Systems should be long lasting and should require minimum
or no maintenance and at the same time, ensure highest level of safety, reliability
and comfort, with minimum noise and vibrations. The track structure proposed is
the same as in Phase-|

General

From considerations of maintainability, riding comfort and also to contain
vibrations and noise levels, the complete track is proposed to be joint-less and for
this purpose even the turnouts will have to be in LWR/CWR (Long Welded
Rail/Continuous Welded Rail).

The track will be laid with rails canted 1 in 20 and the wheel profile of Rolling
Stock should be compatible with the rail cant and rail profile.

DPR FOR R.V.ROAD — BOMMASANDRA CORRIDOR MAY 2011
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Rail Section

Same type as used for phase-I is to be adopted i.e. keeping in view the proposed
axle load and the practices followed abroad, UIC-60 (60 kg. /m) rail section.
Since on main lines, sharp curves and steep gradients would be present, the
grade of rail on main lines should be 1080 Head Hardened as per IRST- 12-96.
As these rails are not manufactured in India at present, these are to be imported.

Ballast less Track on Mainlines

(a) Viaducts

The entire stretch is elevated on viaducts. It is proposed to adopt plinth type
ballast less track structure with RCC derailment guards integrated with the plinths
(shown in Fig.3.1). Further, it is proposed to adopt Vossloh-336 or similar
Fastenings System (shown in Fig.3.2) any other suitable system on ballast less
track structures complyng to performance criterion laid down by Railway Board
vide their Circular No. 2009/Proj/MAS/9/2.dated 2.05.2010.

Turnouts

From considerations of maintainability and riding comfort, it is proposed to lay the
turnouts also with 1 in 20 cant. Further, it is proposed to adopt the following two
types of turnouts:

i) On main lines, 1 in 9 type turnout with a lead radius of 300 m and permissible
speed on divergent track as 40 km/h (shown in Fig.3.3).

ii) On Depot lines, 1 in 7 type turnout with a lead radius of 140 m and permissible
speed on divergent track as 25 km/h (shown in Fig.3.4).

The Scissors crossovers on Main Lines (1 in 9 type) will be with a minimum track
center of 4.5 m (shown in Fig.3.5).

The proposed specifications for turnouts are given below: -

i) The turnouts should have fan-shaped layout throughout the turnout so as to
have same sleepers/base-plates and slide chairs for both LH and RH turnouts.

ii) The switches and crossings should be interchangeable between ballasted and
ballast less turnouts (if required).

e The switch rail should be with thick web sections, having forged end near
heel of switch for easy connection with lead rails, behind the heel of switch.
The switches should have anti creep device at heel of switch for minimizing
the additional LWR forces transmitted from tongue rail to stock rail.

» The crossings should be made of cast manganese steel and with welded leg
extensions. These crossings should be explosive hardened type for main
lines and without surface hardening for
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Depot lines.

e The check rails should be with UIC-33 rail section without being directly
connected to the running rails.

Buffer Stops

On main lines and sick siding lines, friction buffer stops with mechanical impact
absorption (non-hydraulic type) need to be provided. On elevated section the
spans on which friction buffer stops are to be installed are to be designed for an
additional longitudinal force of 85 T, which is likely to be transmitted in case of
Rolling Stock impacting the friction Buffer Stops.

3.1.3 RAIL STRUCTURE INTERACTION

NOTE:

For continuing the LWR/CWR on Viaducts, the elevated structures are to be
adequately designed for the additional longitudinal forces likely to be transmitted
as a result of Rail-Structure interaction. Rail structure interaction study will
determine the need and locations of Rail Expansion Joints (REJ) also. REJ in
ballasted track will be for a maximum gap of 120 mm, whereas on ballast less
track for a maximum gap of 180 mm.

WELDING

Flash Butt Welding Technique is to be used for welding of rails. Alumino-Thermit
Welding is to be done only for those joints which cannot be welded by Flash Butt
Welding Technique, such as joints at de stressing locations and approach welds
of switches & crossings. For minimizing the population of Thermit welds, mobile
(rail-cum-road or portable) Flash Butt Welding Plant will have to be deployed.

The above are all as per requirements indicated in Phase-| Metro Rail under
construction.

3.2 TRACTION SYSTEM

3.2.1 Selection of Traction System

DPR FOR R.V.ROAD — BOMMASANDRA CORRIDOR

There are 3 standard and proven systems of traction for use in suburban and
metro lines. These are 750V dc third rail, 1500V dc overhead catenary and 25kV
ac overhead catenary system. All these three systems are already in use in India.
The Phase-I Metro has adopted 750 V dc third rail and the same Traction system
is adopted for this line also.
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750V dc third rail system has been extensively used in metros and more than
60% of existing metro systems in the world utilize 600-750V dc third rail system.
The system does not affect the aesthetics of the city as it is laid alongside the
track. Stray current corrosion is often encountered in dc electrified railways and
therefore, suitable measures are required for protection against corrosion of
metallic structures, reinforcement and utility pipes caused by dc stray current.

The traffic requirements of the Bangalore Metro Phase-! (including its extensions)
have been projected to be about 45,000 PHPDT in horizon year 2021. Keeping in
view of ultimate traffic requirements, and other techno-economic considerations,
750V dc type traction system was proposed for the Bangalore Metro. For the
present section of R V Road —Electronic City extensions, the same 750dc third
rail traction system is proposed to be used. Since the route is entirely grade
separated there is no danger of safety hazard to passengers from third rail.

750V dc third rail bottom current collection is envisaged from reliability and safety
considerations with the use of composite Aluminium steel third rail on main lines.
Low carbon steel third rail, which is available indigenously, is proposed for depot
because of reduced current requirements. The third rail will be provided with
suitable shrouds for safety of passengers as well as maintenance personnel. The
cross section of third rail will be about 5000 mm2. The longitudinal resistance of
composite and steel third rail is about 7 and 20 mili-ohm/km respectively. The life
of composite and steel third rail is expected to be 25-30 years.

3.3 SIGNALLING AND TRAIN CONTROL
3.3.1 Introduction

The signaling system shall provide the means for an efficient train control,
ensuring safety in train movements. It assists in optimization of rail / metro
infrastructure investment and running of an efficient train services on the network.
The telecommunication system acts as the communication backbone for
signaling systems and provides telecommunication services to meet operational
and administrative requirements of rail / metro network.

3.3.2 SIGANALLING AND TRAIN CONTROL
3.3.2.1 Overview
Metro carrying a large number of passengers at a very close headway requires a

very high level of safety enforcement. At the same time heavy investment in
infrastructure and rolling stock necessitates optimization of its capacity to provide
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the best services to the public. These requirements of the metro are planned to
be achieved by adopting a State of Art Automatic Train Control and Computer
based Centralized Train Operation and Management system. This will:

i) Provide high level of safety with trains running at close headway, ensuring
continuous safe train separation.

i) Eliminate accidents due to driver passing Signal at Danger by continuous
speed monitoring and automatic application of brake in case of disregard of
signal / warning by the driver.

iii) Provides safety and enforces speed limit on section having permanent and
temporary speed restrictions.

iv) Provides greater flexibility and precision in train control.

v) Will improve capacity with safer and smoother operations. Driver will have
continuous display of Target Speed / Distance to Go status in his cab enabling
him to optimize the speed potential of the track section. It provides signal / speed
status in the cab even in bad weather.

vi) Increased productivity of rolling stock by increasing line capacity and train
speeds, the same rolling stock will arrive at its destination sooner. Hence more
trips will be possible with the same number of rolling stock.

vii) Improve maintenance of signaling and telecommunication equipments by
providing new ways of monitoring system status of track side and train borne
equipments and undertaking preventive maintenance.

A signaling and control system shall be provided on all running tracks of the
metro including car shed except for lines used mainly for local shunting. At all
stations with points and crossings, computer based interlocking will be provided
for operation of points and crossings/setting of routes including track of adjacent
station. The control of train operation will be done from computer backed
Operation Control Center (OCC) and will be supervised by Traffic Controller.
Facilities for setting of the route and clearing of the signals will also be provided
from the control and supervise the movements within its yards.

To ensure safety with close headway of train services and for optimization of

heavy investment in the infrastructure and rolling stock, the metro shall be
provided with an automatic train control system. This will enable running of
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optimum train services meeting traffic requirements in the most efficient and cost
effective way.

3.3.2.2 Selection of System
The Signaling and Train Control system shall be as explained below:
a. Interlocking System:

At all stations with points and crossings, Computer Based Interlocking (CBI) will
be provided for operation of points and crossings and setting of routes. The
setting of the route and clearing of the signals will be done by work station which
can be either locally (at station) operated or operated remotely from the
Operation Control Centre (OCC).

NOTE BY BMRCL:As an alternative to the existing signalling system
provided in Phase-l, the signaling/Train control system for Phase-ll could
be of communication based

train control as it has following advantages.

a) Higher commercial speed

b) Lesser wayside equipment

c) Shorter headway

d) Most resilient to operation disturbances

b. Automatic Train Protection

To ensure safety in train operation and to provide optimum train services on the
section the train control on the metro shall be provided with Automatic Train
Control system. For this the transmission from track to train will be continuous
through Coded Audio Frequency Track Circuit. The ATC system will provide on-
board display of maximum safe speed, current speed and target speed / distance
as deduced from ATP systems, signaling interlocks systems based on track
profile and brake characteristics. Facilities for automatic enforcement of
temporary / permanent speed restrictions shall also be built in to enhance safety
during maintenance work.

c. Train Describer and Control Office

A train describer system will be installed to facilitate the monitoring of train
operation and also remote control of the stations .The train describer will log each
train movement and display it on the workstations with each Traffic Controller at
the OCC and on one workstation placed in the Station Control room (SCR) with

"DPR FOR R.V.ROAD — BOMMASANDRA CORRIDOR MAY 2011

LA N NN N NN NNNENENNNNNNNNNNNNNNNNNNNNNENE EX X



___ Chapter 3 — System Selection

each Station Controller.

NOTE BY BMRCL:
There shall be a new OCC building to cater to the train movement
control for the new line

d. Signaling Scheme Plan
Conceptual Signaling Plan No. Sig 201/15 for RV Road Bommasandra Line is

enclosed.

3.3.2.3 Standards
Table 3.1 shows the standards that will be adopted with regard to the Signaling

system.
Table 3.1 Standards Adopted With Regards To Signaling System
Description Standards
Interlocking Computer Based Interlocking, adopted for

station having switches and crossing. All
related equipment as far as possible will be
centralized in the equipment room at the
station. Depot shall be interlocked except
for lines mainly used for shunting..

Operation of Points With Direct current 110V D.C. point
machines or 380 volts 3 phase, 50 Hz. AC
point machines.

Track Circuit Audio frequency Track circuits on running
section, test track and in depot.

Signals at Stations Line Side signals to protect the points
(switches).

UPS (uninterrupted power at stations as | For Signaling and Telecommunications
well as for OCC)

Signaling along the line. ATC with LED line side signal as fall back.
Train protection systems Continuous Automatic train control.
Train Describer System Movement of all trains to be logged on to a

central computer and displayed on
workstations in the OCC and at the SCR.
Also remote control of stations from the

OCC.

Redundancy for ATP/Train Describer. Train describer shall have Hot redundancy.

Cables Cables will be steel armoured, as far as
possible. 7

Fail Safe Principles Application to the signalling system — SIL4
level safety.

Immunity to External All data transmission on telecom cables/
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Interface. OFC/Radio. All signaling and telecom
cables will be separated from power
cables.

Train Working Under Emergency Running on site with line side signal.

Environmental Conditions All  equipment rooms shall be Air
conditioned

Maintenance Philosophy Philosophy of continuous monitoring of
system status and preventive & corrective
maintenance of signaling equipments shall
be followed. Card / module / sub-system
level replacement shall be done in the field
and repairs under taken in the central
laboratory/ manufacturer's premises.

NOTE BY BMRCL:

Axle contacts will be provided for CBTC system to aid for fallback

signalling

3.3.2.4 Specifications

1. Automatic Train Protection

Automatic Train protection is the primary function of the train control systems. This
sub-system will be inherently capable of achieving the following objectives in a fail-
safe manner.

Prevent rear-end or side collision resulting from one train trying to over-take
the other.

Prevent trains being routed on the conflicting routes.

Prevent the possibility of points / switches moving just

ahead of or under train.

Not hindering the vehicles attaining maximum permissible speed.

Basic sub-system will include the following modules:-
(i) Train detection
(if) Train Protection
(i) Computer based Interlocking

(iv) Signal and speed enforcement.

(v) Interface with electrical sub-systems of the vehicle like brake control.

Track circuits shall be will be used for vehicle detection.

Sub-system/components will conform to international standards like BS, IS,
IEC, ITU-T etc.
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2. Cab Borne Equipment
They will be of modular sub-assemblies for each function for easy maintenance
and replacement. The ATP assemblers will be fitted in the vehicle integrated with
other equipment of the rolling stock.

3. Train Describer

The system will be installed in the Operation control center and at the stations
with point and crossings and will have a panoramic view of the sectional
jurisdiction showing the status of tracks, points and the vehicles operating in the
relevant section/ whole system. The system shall provide train information in real
time and in hard copy for later analysis. It shall be possible to set route of trains
at terminals, mid-terminals and runback stations, etc. both locally and remotely. It
shall have audio-visual alarms for deficiencies / malfunctioning.

NOTE BY BMRCL:
The OCC will be set up in a new building and the system will be
installed in the new OCC

4. Computer Based Interlocking (CBI) Systems at Stations
This sub-system is used for controlling vehicle movements into or out of stations
automatically from a work station. All stations having points and crossings will be
provided with workstations for local control. Track occupancy, point position, etc.
will be clearly indicated on the workstation. It will be possible to operate the
workstation locally, if the central control hands over the operation to the local
station. . The system design will be on the basis of fail-safe principle.

The equipment will withstand tough environmental conditions encountered in a
Mass Transit System. Control functions in external circuits will be proved both in
the positive and negative wires. Suitable IS, IRS, BS standards or equivalent
international standards will be followed in case wiring, installation, earthing,
cabling, power supply and for material used in track circuits, relays, point
operating machines, power supply etc.

3.4 TELECOMMUNICATION

3.4.1 Introduction
The telecommunication system acts as the communication backbone for
Signaling systems and other systems such as SCADA, AFC etc and provides
telecommunication services to meet operational and administrative requirements
of metro network.

- DPR FOR R
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3.4.2 Telecommunication
3.4.2.1 Overview

The telecommunication facilities proposed are helpful in meeting the
requirements for:

1. Supplementing the Signaling system for efficient train operation.
2. Exchange of managerial information
3. Crisis management during emergencies

4. Passenger information system.

NOTE BY BMRCL:

Closed circuit television system at stations and centralized
surveillance center will be set up. It will be possible to view images
from train in the centralized surveillance room through Broad band
Radio system (BBRS)

The proposed telecom system will cater to the following requirements:

e Train Traffic Control
e Assistance to Train Traffic Control
¢ Maintenance Control
e Emergency Control
e Station to station dedicated communication
» Telephone Exchange
¢ Passenger Announcement System and Passenger Information and
Display System within the station and from Central Control to each
station.
e Centralized Clock System
¢ Train Destination Indicator
e Instant on line Radio Communication between Central Control and
Moving Cars and maintenance personnel.
e Data Channels for Signaling, SCADA, Automatic Fare Collection etc.

3.4.2.2 Telecommunication System and Transmission Media

i) Optical Fibre Cable - Main Telecommunication Bearer

DPR .FOR R.V.ROAD ~BOMMASANDRACORRIDOR ~~ ~ MAY2011 .~ | 10/24
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The main bearer of the bulk of the telecommunication network is proposed with
optical fibre cable system. Considering the channel requirement and keeping in
view the future expansion requirements a 48 Fibre optical fiber cable is proposed
to be laid in ring configuration with path diversity.

Minimum SDH STM-4 based system shall be adopted with SDH nodes at every
station and OCC . Access 2MB multiplexing system will be adopted for the lower
level at each node, equipped for channel cards depending on the requirement of
channels in the network. Further small routers and switches shall be provided for
LAN network at stations.

NOTE BY BMRCL:

There will be 96 Fiber optical fiber cable. This may be 2x48 fibers. In
addition to SDH, STM-4 Gigabit ethernet system will be provided at
every station and OCC.

ii) Telephone Exchange

For an optimized cost effective solution Small exchanges of 30 port each shall be
planned at each station , a 60 Port Exchange at the Terminal Stations. The
Exchanges will serve the subscribers at all the stations and OCC. The exchanges
will be interconnected at multiple 2 MB level through optical fibre cable. The
Exchanges shall be software partitioned for EPABX and Direct Line
Communication from which the phones shall be extended to the stations.

iii) Mobile Radio Communication

Mobile Radio communication system having 8 channels is proposed for on-line
emergency communication between Motorman (Front end and Rear end) of
moving train and the Central Control. The system shall be based on Digital Trunk
Radio Technology to TETRA International standard. This system now is widely
adopted for mobile radio communication in metro / rapid transit services abroad.
All the stations and the OCC will be provided with fixed radio sets. Mobile
communication facility for maintenance parties and Security Personnel will be
provided with handheld sets. These persons will be able to communicate with
each other as well as with central control. To provide adequate coverage, based
on the RF site survey to be carried out, base stations for the system will be
located at sites conveniently selected after detailed survey.

The frequency band for operation of the system will be that for TETRA in 400/800

MHz band , depending on frequency availability. The system shall provide Instant
mobile radio communication between the motorman of the moving cars from any
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place and the Central Control .The motorman can also contact any station in the
network through the central control, besides intimating the approaching trains
about any emergency like accident, fire, line blocked etc., thus improving safety
performance.

To provide adequate coverage, based on the RF site survey to be carried out
during Detailed Design stage, base stations for the system will be located at sites
conveniently selected after detailed survey. As per initial survey, 1 Base Stations
with a 40m tower shall be required for the North-South Extension. During design
stage, further Radio survey will need to be carried out, in case coverage is to be
further improved.

iv) Passenger Announcement System
The system shall be capable of announcements from the local station as well as
from OCC. Announcements from OCC will have over-riding priority in all
announcements.

V) Centralized Clock System
This will ensure an accurate display of time through a synchronization system of
slave clocks driven from a Master Clock at the operation control center. The
Master Clock signal shall also be required for synchronization of SDH and
Exchanges. The System will ensure identical display of time at all locations.
Clocks are to be provided at platforms, concourse, Station Master's Room,
Depots and other service establishments etc.

vi) Passenger Information Display System
These shall be located at convenient locations at all stations to provide bilingual
visual indication of the status of the running trains and will typically indicate
information such as destination, arrival/departure time, and also special
messages in emergencies. The boards shall be provided at all platforms and
concourses of all stations.

vii) Network Monitoring and Management

For efficient and cost effective maintenance of the entire communication network,
it is proposed to provide a network management system (NMS), which will help in
diagnosing faults immediately from a central location and attending the same with
least possible delay, thus increasing the operational efficiency and reduction in
manpower requirement for maintenance. The proposed NMS system will be
covering radio communication, Optical Fiber Transmission system and
Telephone Exchange.

DPR FOR R.V.ROAD -BOMMASANDRA CORRIDOR ~ MAY 2011
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In addition to the above, closed circuit television system will be
provided at the stations. There will be a network of cameras at
stations and picture frame recordings will be provided to enable
event monitoring. It will be possible to view the pictures from the
train at a centralised surveillance center by means of Broad Band

Radio System

3.4.2.3 Standards

The standards proposed
shown in Table below:

to be adopted for telecommunication systems are

System

Standards

Transmission System

SDH based for the entire telecom network.

Transmission Media

Optical Fibre system as the main bearer for
bulk of the telecommunication network.

Telephone Exchangém_

EPABX of minimum 30 ports is to be provided
at all Stations , an Exchange of 60 Ports to
be provided at Terminal Stations.

Train Radio System

Digital Train radio (TETRA) communication
between motorman of moving cars,
stations, maintenance personnel ,depots
and central control.

Train Destination
Indicator System

LED/LCD based boards with adequate visibility to

be provided at convenient location

at all stations to provide bilingual visual indication of
the status of the running trains, and also special

messages in emergencies.

Centralized clock system

Accurate display of time through a synchronization

system of slave clocks driven

from a master clock at the OCC and sub —master

clock in station/depots.. This shall also
be used for synchronization other systems.

Passenger
Announcement

Passenger Announcement System

covering all platform and concourse areas with local
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System as well as Central Announcement.
Redundancy (Major Redundancy on Radio base station equipment. Path
System) Redundancy for Optical Fibre Cable by provisioning

in ring configuration.

Environmental All equipment rooms to be air-conditioned.
Conditions
Maintenance Philosophy | System to have, as far as possible, automatic
switching facility to alternate routes/circuits in

the event of failure.

Philosophy of preventive checks of maintenance to
be followed. System networked with NMS for
diagnosing faults and

co-ordination.

Card/module level replacement shall be done in the
field and repairs undertaken in the central
laboratory/manufacture's premises.

NOTE BY BMRCL:
The transmission system will be SDH and GE based for the entire

telecom network.

3.4.2.4 Space Requirement for Telecom Installations

Adequate space for proper installations of all Telecommunication equipment at
each of the stations has to be provided keeping in view the case of maintenance
and use of instrumentation set up for regular testing and line up of the
equipment/system. The areas required at each of the stations for S & T
equipment shall be generally 40 sq.m each for Telecom Room and 50 sq.m. for
UPS Room (common for signal, telecom and AFC). These areas shall also cater
to local storage and space for maintenance personnel to work. At the OCC, the
areas required shall be as per the final configuration of the equipments and
network configuration keeping space for further expansion.

3.4.2.5 Maintenance Philosophy for Telecom Systems

The philosophy of continuous monitoring of system status and preventive &
corrective maintenance of Signaling and telecommunication equipments shall be
followed. Card / module / subsystem level replacement shall be done in the field.
Maintenance personnel shall be suitably placed at intervals and they shall be
trained in multidisciplinary skills. Each team shall be equipped with a fully
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equipped transport vehicle for effectively carrying out the maintenance from
station to station.

The defective card/ module / sub-system taken out from the section shall be sent
for diagnostic and repair to a centralized S&T repair lab suitably located on the
section. This lab will be equipped with appropriate diagnostic and test
equipments to rectify the faults and undertake minor repairs. Cards / modules /
equipments requiring major repairs as specified in suppliers documents shall be
sent to manufacturer's workshop.

3.5 AUTOMATIC FARE COLLECTION

3.5.1 Introduction

Mass Rapid Transit Systems handle large number of passengers. Ticket issue
and fare collection play a vital role in the efficient and proper operation of the
system. To achieve this objective, ticketing system shall be simple, easy to
use/operate and maintain, easy on accounting facilities, capable of issuing
single/multiple journey tickets, amenable for quick fare changes and require
overall lesser manpower. In view of above, computer based automatic fare
collection system is proposed.

AFC system proves to be cheaper than semi-automatic (manual system) in long
run due to reduced manpower cost for ticketing staff, reduced maintenance in
comparison to paper ticket machines, overall less cost of recyclable tickets
(Smart Card/Token) in comparison to paper tickets and prevention of leakage of
revenue. Relative advantages of automatic fare collection system over manual
system are as follows:

A) Manual fare collection systems have the following inherent disadvantages:

1. Large number of staff is required for issue and checking of tickets.

2. Change of fare structure is time consuming as has to be done at each station.
3. Manipulation possible by jamming of mechanical parts.

4. Staff and passenger interaction leading to more chances of confrontation.

5. 100% ticket checking at entry / exit impossible.

B) Automatic fare collection systems have the following advantages:

. Less number of staff required.

. Less possibility of leakage of revenue due to 100% ticket check by control gates.
. Recycling of ticket fraudulently by staff avoided.

_ Efficient and easy to operate, faster evacuation both in normal and emergency.

. System is amenable for quick fare changes.

. Management information reports generation easy.
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7. System has multi-operator capabilities. Same Smart Card can be used for other

applications also.
8. AFC systems are the worldwide accepted systems for Metro environment.

The proposed ticketing system shall be same as that to be provided on the main
North-South Line i.e of Contactless Smart Token/ Card type. The equipments for
the same shall be provided at each station Counter/Booking office and at
convenient locations and will be connected to a local area network with a
computer in the Station Master's room. Equipment and installation cost of
Contactless Smart Card /Token based AFC system is similar to magnetic ticket
based AFC system, but Contactless system proves cheaper due to reduced
maintenance, less wear and tear and less prone to dusty environment.

C) Choice of Control Gates
Retractable flap type Control Gates are proposed which offer high throughput,
require less maintenance and are latest in modern metros internationally. Tripod
turnstile type or flap type gates offer less throughput and require more
maintenance.

D) Passenger Operated Machine

Space for provision of Passenger Operated Machines (Automatic Ticket
Dispensing Machines) for future, shall be provided at stations.

3.5.2 AFC equipment Requirement

AFC equipment requirement for R V Road — Electronic City section are given in
Table 3.2 as under.

NOTE BY BMRCL:
Passenger operated machines will be provided at the stati

Table 3.2 AFC Equipments Estimate for Banglore Metro N-S Extension(projection

for 2016)
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R V Road |
1 | Terminal 9684 | 8048 | 194 | 161 6 5 1 10 2 4 2
Ragiguda
2 | Temple 1036 746 | 21 15 2 2 1 2 2 4 2
Jayadev
Hospita!l
Compound 4810 | 2490 | 96 50 3 2 1 5 2
4 | BTM layout 354 333 7 7 2 2 1 2 2 4 2
Silk Board
Junction 1562 | 3118 31 62 2 2 1 2 2 4 2
6 | HSR layout 480 126 10 3 2 2 1 2 2 4 2
OXFORD
7 | ENGG college 267 456 5 9 2 2 1 2 2 4 2
Muneshwara
Nagar 884 942 18 19 2 2 1 2 2 4 2
Chikka Begur 808 795 16 16 2 2 1 2 2 4 2
10 | Basapur Road 811 696 16 14 2 2 1 2 2 4 2
11 | Hosa Road 1011 | 1227 20 25 2 2 1 2 2 4 2
Electronic city
12 | -1 782 | 2048 16 41 2 2 1 2 2 4 2
13 | Electronic city 543 687 11 14 2 2 1 2 2 4 2
14 | Huskur Road 581 | 1845 12 37 2 2 1 2 2 4 2
15 | Hebbagodi 778 | 1638 16 33 2 2 1 2 2 4 2
16 | Bommasandra 614 | 1086 12 22 2 2 1 2 2 4 2
Total 37 35 16 43 | 32| 64
Assumptions:
1. Minimum AFC equipments at a station with "2 access- 1 for entry, 1 for exit": 2
entry gates, 2 exit gates, 2 EFO, 2 TOM, 4 TR, 2 TVM.
2. One Disabled gate at each station.
3. Throughput of gate 30 passengers per minute, TOM 10 transactions per minutes.
4. Peak hour traffic = 12% of day traffic. Peak Minute traffic = 2% of peak hour
traffic.
5. For Calclulation purpose, It is assumed that 50 % passenger will use Smart Card.
6. For Calclulation purpose, It is assumed Boarding Figure =Exit Figure.

3.5.3 Standards
The standard proposed for AFC systems are as under:

Standards Description
. Gates a) Contact less smart token — For single journey. They shall
have stored value amount for a particular journey. Tokens
are captured at the exit gate.
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b) Contact less smart card — For multiple journeys.

Gates Computer controlled retractable flap type automatic gates at
entry and exit. There will be following types of gates:

OEntry

JEXxit

JReversible — can be set to entry or exit

(Wide reversible -gate for disabled people.

Station computer, | All the fare collection equipments shall be connected in a
Central computer and | |ocal area network with a station server controlling the
AFC Net work activities of all the machines. These station servers will be
linked to the central computer situated in the operational
control center through the optic fibre communication
channels. The centralized control of the system shall provide
real time data of earnings, passenger flow analysis,
blacklisting of specified cards etc.

Ticket office machine Manned Ticket office machine shall be installed in the
(TOM/EFO) stations for selling cards/ tokens to the passengers.

Ticket Reader and Ticket reader shall be installed near EFO for passengers to
Portable check information stored in the token / cards.

Ticket Decoder.

UPS (uninterrupted | Common UPS of S&T system will be utilized.
power at stations as well
as for

OCCQC).

Maintenance Philosophy | Being fully Contact less systems, manpower requirement for
maintenance is much less compared to system with magnetic
tickets. However, adequate facilities to be provided similar to

that of S&T systems.

3.5.4 Integration of AFC with Suburban/Bus System

Common Smart Card based ticketing for both Suburban and Bus systems is not
proposed at this stage as this will require installation of AFC system at all
suburban stations and in buses also. A Clearing house system will also be
required for separation of revenue among various operators. However, the
proposed system shall have multi-operator capability and in future it will be
possible to integrate various transport providers and other agencies by setting up
a Clearing House and facilities at locations of other Operators.

DPR FOR R.V.ROAD - BOMMASANDRA CORRIDOR MAY 2011 18/24
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NOTE BY BMRCL:
There will be a limited Bus- Metro integration similar to the Phase-I
integration.

DPR FOR R, V.ROAD - BOMMASANDRA CORRIDO 19/24
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CHAPTER 4

CIVIL ENGINEERING

41 GEOMETRIC DESIGN NORMS

4.1.1 General
The design parameters related to the Metro system described herewith have been
worked out based on a detailed evaluation, experience and internationally accepted
practices. Various alternatives were considered for most of these parameters but the
best-suited ones have been adopted for the system as a whole.

4.1.2 Horizontal Alignment
As far as possible, the alignment follows the existing roads. This leads to introduction
of many horizontal curves. On consideration of maximum allowable cant of 120 mm
and cant deficiency of 85 mm on Metro tracks, the safe speed on curves of radii of
400 m or more is 80 km/h. On elevated section use of curves with minimum radius of
200m, having speed of 55 km/h shall be adopted. There are, however, exceptional
situations where due to site constraints, use of sharper curves is unavoidable. Under
such situations on this project, 2 curves of 122 m radius and 162 m radius (safe
speed of 40 km/h) have been adopted.

For maximum permissible speed on curve with various radii, Table 4.1 may be referred.

4.1.3 Horizontal Curves

Description Elevated Section
Desirable Minimum radius 200 m
Absolute minimum radius 120 m
Minimum curve radius at stations 1000 m
Maximum permissible cant (Ca) 120 mm
Desirable cant (Ca) 110 mm
Maximum cant deficiency (Cd) 85 mm

4.1.4 Transition Curves
The existing roads along which the metro is proposed have frequent curves.
However, it is necessary to provide transition curves at both ends of the circular
curves. Due to change in gradients at various locations in the corridor, it is necessary
to provide frequent vertical curves along the alignment. In case of ballast-less track, it
is desirable that the vertical curves and transition curves of horizontal curves do not

DPR FOR R.V. ROAD - BOMMASANDRA CORRIDOR May 20011 1/40
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overlap. These constraints may lead to reduced lengths of transition curves. The
transition curves have certain minimum parameters:

¢ Length of Transitions of Horizontal curves (m)

Minimum . 0.44 times actual cant or cant deficiency (in mm),
whichever is higher.

Desirable . 0.72 times actual cant or cant deficiency, (in mm),
whichever is higher.

¢ Overlap between transition curves and vertical curves not allowed.
¢ Minimum straight between two Transition curves: either 25 m or Nil.
¢ Minimum curve length between two transition curves: 25 m

4.1.5 Vertical Alignment and Track Centre for Elevated Section
The viaducts carrying the tracks will have a vertical clearance of minimum 5.5
m above road level. For meeting this requirement with the ‘Box’ shaped pre-
stressed concrete girders, the rail level will be about 9.8 m above the road level.
However, at stations which are located above central median, the rail level will
be 12.5 m above the road level with concourse at mezzanine. These levels will,
however, vary marginally depending upon where the stations are located.

The track center on the elevated section is kept as 4.2 m uniform throughout
the corridor to standardize the superstructure, except at few locations, wherever
scissors crossovers are planned, it is kept 4.5 meter.

(a) Gradients
Normally the stations shall be on level stretch. In limited cases, station may be
on a grade of 0.1 %. Between stations, generally the grades may not be
steeper than 3.0 %. However, where existing road gradients
are steeper than 2 %, or for Switch Over Ramps gradient up to 4%
(compensated) can be provided in short stretches on the main line.

(b) Vertical Curves
Vertical curves are to be provided when change in gradient exceeds 0.4%.
However, it is recommended to provide vertical curves at every change of
gradient.

Radius of vertical curves:

) On main line (desirable) : 2500 m

(Absolute minimum) ; 1500 m
) Other Locations : 1500 m
. Minimum length of vertical curve : 20m

4.1.6 Design Speed
The maximum sectional speed will be 80 km/h. However, the applied cant, and

’ ’DPRQ;"‘@“’E?R,HR._ V.ROAD - BOMMASANDRA CORRIDOR ~ MAY 2011
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4.1.6 Design Speed
The maximum sectional speed will be 80 km/h. However, the applied cant, and
length of transition will be decided in relation to normal speeds at various locations,
as determined by simulation studies of alignment, vertical profile and station
locations. Computerized train simulation studies need to be conducted with proposed
gradients at the time of detailed design stage. This is with the objective of keeping
down the wear on rails on curves to the minimum.

Table 4.1
Cant, Permitted Speed & Minimum Transition Length for Curves

MINIMUM DISTANCE
MAXIMUM BETWEEN ADJACENT
PERMISSIBLE TRACKS FOR ELEVATED
RADIUS CANT SPEED AND AT-GRADE SECTION
meters mm kmph mm
3000 15 80 3650
2800 15 80 3650
2400 20 80 3650
2000 20 80 3650
1600 25 80 3650
1500 30 80 3650
1200 35 80 3650
1000 45 80 3700
800 55 80 3700
600 70 80 3750
500 80 80 3750
450 85 80 3800
400 110 80 3800
350 110 75 3800
300 110 70 3850
200 110 55 3950
150 110 45 4050
150* 0 30 4050
120* 110 40 4150
120* 0 25 4150

Notes: (a) The track spacing is without any column/structure between two tracks
and is with equal cant for both outer and inner tracks.
(b) Track spacing shown is not applicable to stations which should be
calculated depending on specific requirement.
(c) Figures for any intermediate radius of curvature may be obtained by
interpolating between two adjacent radii. For higher radii, values may
be extrapolated..

4.1.7 Station Locations
Stations have been located so as to serve major passenger destinations and to
enable convenient integration with other modes of transport. However effort has also
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been made to propose station locations, such that inter station distances are as

uniform as possible. The average spacing of stations is kept close to 1.0 km.

4.2 DESCRIPTION OF CORRIDOR
The line from R V Road to Bommasandra via Jayadeva hospital, Silk Board junction
& Electronic City is an elevated standard gauge corridor with double line section
having a route length of 18.82 km and 16 stations. In due course this may have to be

extended beyond with further growth in this part of the city.

DPR for extending the Metro line from R V Road Terminal to Puttenahalli Cross was
submitted in June 2008 and is under implementation in Phase-I. Further, the DPR for
extension of this line from Puttenahalli Cross to NICE Road xing on Kanakapura
Road (6.0 kms) is under preparation as part of Phase-ll. The DPR for this line i.e. R
V road to Bommasandra is being taken up on priority basis ahead of Phase-ll DPR
so that the same may be included as a part of Phase-l N-S line for implementation.

R.V.Road Terminal station at the south end of N=S corridor is located at the
end of the R.V. Road as elevated Terminal Station.

The majority of the catchments of traffic of Electronic City are concentrated in
the heavily built up areas on both sides of Jaya Nagar, J.P. Nagar, BTM
Layout — I, II & Il Stage, Tavarkere, HSR Layout etc. These are
comparatively heavily populated areas besides the existence of Offices,
Business houses, Comercial complexes, hospitals, hotels etc. This facility of
Metro rail link is thus expected to attract users from all sides of R V Road,
Jayadeva Hospital, Silk Board Junctions — Begur, and various Layouts etc. on
Hosur Road stretch — Electronic City. Apart from these a large number of
persons visit the Electronic City from the city and beyond including the world
over for business and service etc.

The stretch up to Bommasandra Industrial area located about 4.0 kms
beyond Electronic City on Hosur Road is a growing suburb of South
Bangalore including the planned development area of KIADB which is
developing fast and is expected to attract a substantial number of commuters
in future. Bommasandra Industrial Estate is also connected to Jigani area
where a number of Industries are located and developing.

Further beyond is a well known Narayana Hrudayalaya Hospital which
attracts large number of patients not only from Bangalore and Karnataka but
also from all over India and abroad.

Accordingly, the alignment of R V Road to Bommasandra line has been
proposed as an extension of Metro from R V Road Terminal to
Bommasandra. This extension has been so planned that the passengers
coming from Majestic or back will have to get down for inter-change of line at
RV Road and take the train towards Bommasandra.
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4.2.1 ALIGNMENT PLANNING AND DESIGN NORMS
The entire alignment of this line is ELEVATED. As the work on the Phase-| of the
project viz., all the elevated stretches have been already started, the planning norms
& design parameters viz., horizontal curves, vertical alignment, design speed, track
centre etc are finalized and it is proposed to continue with the same for this line of R
V Road — Bommasandra Corridor.

The new R V Road Station platforms will be by the side of existing platforms,
parallely across. The passengers will have to get down and change over to the
Bommasandra line. The line starting from R V Road Station takes a turn to the left
and joins the median of the Marenahalli road (South end road) up to short of
Jayadeva Hospital junction, where the alignment is taken on the footpath of the road
and after crossing the Jayadeva Hoaspital flyover the alignment turns back to the
median of the road up to short of Silk Board Junction. From here the alignment takes
a right turn to reach the Hosur Road. On the Hosur road, as the Elevated Road of
NHAI is under construction along the central median, the alignment is taken on the
median specially provided in the middle of service road on the west side of NH-7
with the viaduct supported in Drawing. No. DMRC/ X-SECTION /BAN EXT./2011
sheet No. 1 to 5,X-sections at various locations).

4.3 REFERENCE POINT
The centre line of R V Road Terminal Metro station has been taken as 0.00 km for
reckoning of chainage on R V Road — Bommasandra line. Chainage increases from
R V Road Terminal Metro station towards Bommasandra Terminal Metro station.

4.3.1 REFERENCE LINE
Line from R V Road Terminal station to Bommasandra Terminal station has been
named ‘Up Line’ and from Bommasandra Terminal to R V Road Terminal has been
named as ‘Down Line’.

4.3.2 Index Plan of the alignment from the Centre line of R V Road Terminal Metro
station to Dead end of Bommasandra Terminal Metro station is given at Figure 4.1.

4.3.3 TERMINAL STATION
It is proposed to plan elevated terminal station at Bommasandra, being last station on
this corridor. At the end of this station, the train reversal facilities are being proposed
towards extreme southern end by providing cross-overs and dead end. The C/L of
the station is at chainage 17.961 km whereas the Dead End is at chainage 18.366
km.

4.3.4 HORIZONTAL ALIGNMENT

The new R V Road Station platforms will be by the side of existing platforms,
parallely across. The passengers will have to get down and change over to the
Bommasandra line. The line starting from R V Road Station takes a turn to the left
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and joins the median of the Marenahalli road (South end road) and traverse along the
median up to short of Jayadeva Hospital junction. At the Jayadeva Hospital junction
the alignment is taken to the left of the flyover and runs on the footpath of the road till
it crosses the Bannerghatta road and then taken on the road median of the
Marenahalli road (South End Road) up to short of Silk Board Junction. From here the
alignment takes a right turn to reach the Hosur Road. There are 4 stations on this
stretch up to Silk Board namely Ragigudda Station (Ch.1255.50), Jayadeva Hospital
Station (Ch.2454.30), BTM Layout Station (Ch.3582.70) and Silk Board Station
(Ch.4543.10). On the Hosur road, as the Elevated Road of NHA! is under
construction along the central median, the alignment is taken on to the west service
road of NH-7 with a portal beam arrangement. This portal beam arrangement is
proposed to minimize the land/property acquisition on the Hosur road stretch and
also to ensure that the newly constructed service road of NH-7 is clear of any
obstruction through out the elevated corridor stretch. On this stretch of Hosur road
there are 8 Stations up to the Electronic City namely HSR Layout (Ch.5761.00),
OXFORD College (Ch.6960.80), Muneshwara Nagar (Ch.7858.20), Chikka Begur
(Ch.9257.50), Basapur Road (Ch.11053.50), Hosa Road (Ch.11998.30), Electronic
City — 1 (Ch.12990.10) and Electronic City (Ch.13987.20). Extension beyond
Electronic City up to Bommasandra Industrial area will have 3 Stations namely
Huskur Road Station (Ch.15560.20), Hebbagodi (Ch.16848.30) and Bommasandra
(Ch.17961.40). In future this line will need to be extended up to Narayana
Hrudayalaya Hospital (about 1.50km beyond Bommasandra).

Schematic Plan of the alignment is placed.
VERTICAL ALIGNMENT

Track supporting structures on elevated sections are to permit a vertical clearance of
5.50M above road level. For meeting this requirement with ‘U’ shaped structural
design the rail level shall be at least 8.50M above the road level. Similarly, the rail
level for the stations on road locations (with concourse on sides on ground) shall be
at least 10.50M above the road level in the central portion and 9.50M at ends. With
elevated concourse the rail level at stations shall be at least 12.5 M. For tracks
carried on portals on roads, the minimum rail level shall be 9.50M above the road
level. An alternative structural sections with pre stressed box is also designed which
can be used with minimum rail level of 9.30 M above road level. The rail level at
stations with elevated concourse will be 12.5 M.

The track center on entire elevated section has been kept as 4.2 M for this corridor.

CURVES

Total number of 38 horizontal curves has been provided up to Electronic City dead
end. The radius of curves varies from 122m to 20002m. Hence, the sharpest curve is
122 m. A statement of curves is.given at Table 4.2;
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TABLE 4.2 STATEMENT OF CURVES

Curve L _ Deflection Transition Curve Total Straight
No Direction Radius Angle Length Length Curve between
Length
(Start of
Alignment -
450)
DI M| S 783.246
1 Left 122.05| 88| 7|25 60| 60| 127.719 | 247.719 1479.888
2 Left 802.05| 5|23 31 40| 40 35477 | 115477 16.459
3 Right 1002.05| 2|48 40| 25| 25 24.165 74.165 14.951
4 Right 2002.05| 2|15} 22| 15 15 63.838 93.838 32.490
5 Right 6002.05| 0| 9| 47 15 15 2.095 32.095 406.931
6 Right 100205 | 4|59 |26| 35| 35 52.282 | 122.282 39.049
7 Left 100205 | 4 |41138| 25| 25 57.092 | 107.092 644.717
8 Left 3002.05| 1|18 57 15 15 53.938 83.938 65.050
9 Right 300205| 12358 20| 20 53.325 93.325 68.892
10 Right 100205 4 (16| 7| 35| 35 39.654 | 109.654 137.309
11 Left 80205, 7 /13| 2| 40| 40 61.031 141.031 167.117
12 Left 302.05| 16| 23 | 42| 45| 45 41.431 131.431 89.086
13 Right 162.05| 76|49 |50 60| 60| 157.301 | 277.301 270.334
14 Left 250205 044 (27| 20| 20 12.349 52.349 230.076
15 Right 7502.05 | 1 9|47 | 15 15| 137.286 | 167.286 264.532
16 Left 5002.05 | 1|10 49 15 15 88.039 | 118.039 158.771
17 Right 3002.05| 0| 48 55 15 15 27.718 57.718 355.645
18 Left 750205 0 10| 46, 15 15 8.509 38.509 351.313
19 Right 1000205 0| 6| 54 15 15 5.078 35.078 774.229
20 Left 1500205 0] 2| 8 0 0 9.289 9.289 927.342
21 Left 50002.05| 0| 1 5 0 0 15.86 15.86 571.580
22 Left 2000205 0 1| O 0 0 5.826 5.826 579.331
23 Left 502.05| 5|41 |32 40| 40 9.877 89.877 33.258
24 Left 60205| 4|32|23| 35| 35 12.703 82.703 304.628
25 Right 200205 | 2| 46 36 15 15 82.027 | 112.027 106.134
26 Right 5002.05| 0| 41|56 | 15 15 46.011 76.011 375.676
27 Left 90002.05| 0| 0] 25 0 0 10.909 10.909 1000.968
28 Left 4000205 0| 2| 29| 10 10 18.849 38.849 1004.979
29 Right 1002.05| 22312} 25| 25 16.741 66.741 74.875
30 Left 100205 2124|126 25| 25 17.102 67.102 969.747
31 Right 360205} 0| 36| 16 15 15 22.994 52.994 472.626
32 Right 20002.05| 0| 5} 41 10 10 23.06 43.06 469.459
33 Right 552.05| 16 | 51 | 43| 40| 40| 122467 | 202.467 350.105

5
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34 Right 2002.05 313227 20 20 | 103.721 143.721 209.073
35 Left 5000205| 0| 6|36| 10| 10 86.054 | 106.054 205.024
36 Left 1262.05 | 20 | 15 2 20 20 | 426.058 | 466.058 0.492
37 Left 180205 | 6| 22| 1 20| 20| 180.251 | 220.251 210.264
38 Right 2002.05| 0| 49| 5| 15| 15 13596 | 43.596 0.007
End of
Alignment 18366.222
GRADIENTS
The detail statement of gradients is placed in tables 4.3:
TABLE 4.3 STATEMENT OF GRADIENTS
S. No. FromChamag-:o Length Frorlza” Leve{ro Gradient | Remarks
1 -450 100 550.000 | 932.388 | 932.388 0.000 Level
2 100 500 400.000 | 932.388 929.8 -0.006 Fall
3 500 850 350.000 920.8 9221 -0.022 Fall
4 850 1170 320.000 9221 918.3 -0.012 Fall
5 1170 1390 220.000 918.3 918.3 0.000 Level
6 1390 1560 170.000 918.3 9141 -0.025 Fall
7 1560 1930 370.000 9141 924.2 0.027 Rise
8 1930 2350 420.000 924.2 918.7 -0.013 Fall
9 2350 2590 240.000 918.7 918.7 0.000 Level
10 2590 3005 415.000 918.7 914.6 -0.010 Fall
11 3005 3420 415.000 914.6 918.3 0.009 Rise
12 3420 3740 320.000 918.3 918.3 0.000 Level
13 3740 4140 400.000 918.3 906.46 -0.030 Fall
14 4140 4405 265.000 | 906.46 | 897.185 -0.035 Fall
15 4405 4710 305.000 | 897.185 | 897.185 0.000 Level
16 4710 5200 490.000 | 897.185 891.3 -0.012 Fall
17 5200 5660 460.000 891.3 897.6 0.014 Rise
18 5660 5880 220.000 897.6 897.6 0.000 Level
19 5880 6260 380.000 897.6 898.7 0.003 Rise
20 6260 6600 340.000 898.7 896.9 -0.005 Fall
21 6600 6875 275.000 896.9 897.8 0.003 Rise
22 6875 7080 205.000 897.8 897.8 0.000 Level
23 7080 7380 300.000 897.8 893.9 -0.013 Fall
24 7380 7680 300.000 893.9 903.6 0.032 Rise
25 7680 8100 420.000 903.6 903.6 0.000 Level
26 8100 8400 300.000 903.6 910.04 0.021 Rise
27 8400 8700 300.000 | 910.04 913.7 0.012 Rise
28 8700 9020 320.000 913.7 906.8 -0.022 Fall
29 9020 9160 140.000 906.8 911.4 0.033 Rise
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30 9160 9380 220.000 911.4 911.4 0.000 Level
31 9380 9680 300.000 911.4 9141 0.009 Rise
32 9680 10020 340.000 914.1 922.65 0.025 Rise
33 10020 10235 215.000 { 922.65 929.2 0.030 Rise
34 10235 10685 450.000 929.2 936.8 0.017 Rise
35 10685 10970 285.000 936.8 934 -0.010 Fall
36 10970 11350 380.000 934 934 0.000 Level
37 11350 11600 250.000 934 934.4 0.002 Rise
38 11600 11900 300.000 934.4 933.3 -0.004 Fall
39 11900 12120 220.000 933.3 933.3 0.000 Level
40 12120 12420 300.000 933.3 924 1 -0.031 Fall
41 12420 12850 430.000 9241 925 0.002 Rise
42 12850 13110 260.000 925 925 0.000 Level
43 13110 13448 338.000 925 923.5 -0.004 Fall
44 13448 13820 372.000 923.5 932 0.023 Rise
45 13820 14080 260.000 932 932 0.000 Level
46 14080 14325 245.000 932 941 0.037 Rise
47 14325 14775 450.000 941 924.5 -0.037 Fall
48 14775 14900 125.000 924.5 922.7 -0.014 Fall
49 14900 15180 280.000 922.7 920.1 -0.009 Fali
50 15180 15375 195.000 9201 921.3 0.006 Rise
51 15375 15610 235.000 921.3 921.3 0.000 Level
52 15610 15900 290.000 921.3 924 .4 0.011 Rise
53 15900 16180 280.000 924 .4 921 -0.012 Fall
54 16180 16500 320.000 921 9121 -0.028 Fall
55 16500 16720 220.000 9121 910.9 -0.005 Fall
56 16720 16950 230.000 910.9 910.9 0.000 Level
57 16950 17280 330.000 910.9 911.3 0.001 Rise
58 17280 17560 280.000 911.3 913.8 0.009 Rise
59 17560 17860 300.000 913.8 919.2 0.018 Rise
60 17860 | 18366.222 | 506.222 919.2 919.200 0.000 Level
4.3.1 Detailed Alignment Plans are given in Drawing No. Phase-I Extn/N-S (R V Road -
Bommasandra )/AL/GAD line/2011 (Sheet No. 1 = 19).
4.4 LAND
4.4.1 As the Metro alignment has to be planned on set standards and parameters, apart

from alignment the various structures like stations, parking facilities, traction sub
stations, communication towers, etc. require large plots of land. The land being
scarce, costly and acquisition being complex process, the alignment is so planned
that barest minimum land acquisition is involved. Land is mainly required for;

Metro Structure (including Route Alignment), station Building, Platforms,
Entry/Exit Structures, Traffic Integration Facilities, etc.
Receiving/Traction Sub-stations

»
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e Radio Towers
¢ Property Development.

4. 4.2 Break-up of Land requirement

Out of the total land requirement of 212552.00 Sqm, the Private Land is
66518 sq.m and the Government Land is 146034 Sqm. This Government land
includes the 12 ha. of the land required for depot at Hebbagodi. Section-wise
land requirement for elevated section and ownership of the land is given at table 4.4.

Table 4.4 LAND REQUIREMENT & OWNERSHIP

" 90 0 00000000000 00 0

N 1
DETAILS Oiééi%:ﬁmg\ggcﬁgn REQUIRED LAND REQUIRED
FOR STATIONS
S. PLOT AREA OWNER-
NO. | NO. LOCATION (m?) SHIP Nsd. Prbcc)).T A(’r?q%f OévH,\:ER
R.V.Road Terminal to
1 RS 1 Ragigudda 402.06 Private 1 RV-1 3669.7 Govt.
Ragigudda to Jayadeva
2 RS 2 Hospital 1.23 Private 2 RV-2 3124 Govt.
Ragigudda to Jayadeva
3 RS 3 Hospital 114.93 Private 3 RV-3 760.1. Govt;
Ragigudda to Jayadeva )
4 RS 4 Hospital 190.02 Private 4 RAG-1 3587.9 Govt.
Ragigudda to Jayadeva
5 RS 5 Hospital 48.06 Private 5 RAG-2 229.2 Govt.
Ragigudda to Jayadeva
6 RS 6 Hospital 111.13 Private 6 RAG-3 518 Govt.
Ragigudda to Jayadeva
7 RS 7 Hospitair 137.08 Private 7 RAG-4 24774 Pvt.
Jayadeva Hospital to
8 RS 8 BTM Layout 269.86 Private 8 JAY-1 239.2 Pvt. +
Jayadeva Hospital to
9 RS9 BTM Layout 207.16 Private 9 JAY-2 289.7 Pvt. ;
Jayadeva Hospital to
10 | RS10 BTM Layout 186.25 Private 10 JAY-3 504.7 Govt.
Jayadeva Hospital to
11 | RS 11 BTM Layout 200.03 Private 11 JAY-4 144.5 Govt. :
Jayadeva Hospital to
12 | RS 12 BTM Layout 87.1 Private 12 JAY-5 22931 Pvt. +
Jayadeva Hospital to :
13 | RS 13 BTM Layout 189.81 Private 13 JAY-6 460.5 Govt.
Jayadeva Hospital to
14 | RS 14 BTM Layout 21.26 Private 14 JAY-7 910.4 Govt.
Jayadeva Hospital to
15 | RS 15 BTM Layout 86.47 Private 15 JAY-8 594 .1 Govt.
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Jayadeva Hospital to

16 | RS 16 BTM Layout 190.07 Private 16 BTM-1 59.5 Govt.
Jayadeva Hospital to
17 | RS 17 BTM Layout 84.56 Private 17 BTM-2 1084.5 Govt.
Jayadeva Hospital to
18 | RS 18 BTM Layout 156.06 Private 18 BTM-3 468 Gowt.
Jayadeva Hospital to
19 | RS 19 BTM Layout 27.36 Private 19 BTM-4 383.9 Pvt.
Silk Board Junction to
20 | RS20 HSR Layout 151.94 Private 20 BTM-5 824.9 Gowt.
Silk Board Junction to
21 | RS 21 HSR Layout 459.3 Private 21 BTM-6 2027.9 Govt.
Silk Board Junction to
22 | RS 22 HSR Layout 26.73 Private 22 SBJ-1 84.8 Govt.
Silk Board Junction to
23 | RS 23 HSR Layout 2.95 Private 23 SBJ-2 397.4 Pvt.
Silk Board Junction to
24 | RS 24 HSR Layout 0.76 Private 24 SBJ-3 339.3 Govt.
Silk Board Junction to
25 | RS 25 HSR Layout 34.19 Private 25 SBJ-4 849.5 Govt.
Silk Board Junction to .
26 | RS 26 HSR Layout 22.98 Private 26 SBJ-5 82.1 Govt.
Silk Board Junction to
27 | RS 27 HSR Layout 18.5 Private 27 SBJ-6 425.3 Pvt.
HSR Layout to Oxford
28 | RS 28 College 0.34 Private 28 SBJ-7 168.1 Pvt.
HSR Layout to Oxford
29 | RS 29 College 16.78 Private 29 HSR-1 19761 Pvt.
HSR Layout to Oxford
30 | RS 30 College 9.02 Private 30 HSR-2 468 Pvt.
HSR Layout to Oxford
31 | RS 31 College 1.68 Private 31 OXF-1 194.7 Pvt.
HSR Layout to Oxford
32 | RS 32 College 3.87 Private 32 OXF-2 457.3 Govt.
HSR Layout to Oxford
33 | RS 33 College 36.11 Private 33 OXF-3 360.5 Pvt.
HSR Layout to Oxford
34 | RS 34 College 10.12 Private 34 OXF-4 433.3 Govt.
HSR Layout to Oxford
35 | RS 35 College 3.98 Private 35 OXF-5 1586.1 Pvt.
HSR Layout to Oxford
36 | RS 36 College 5.73 Private 36 OXF-6 2116.2 Govt.
HSR Layout to Oxford
37 | RS 37 College 9.82 Private 37 MN-1 322.2 Pvt.
HSR Layout to Oxford
38 | RS 38 College 3.43 Private 38 MN-2 1013.8 Pvt.
HSR Layout to Oxford
39 | RS 39 College 2.73 Private 39 MN-3 601 Pvt.
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HSR Layout to Oxford
40 | RS 40 College 2.8 Private 40 MN-4 220.9 Pvt.
HSR Layout to Oxford
41 | RS 41 College 55 Private 41 CB-1 1665.3 Pvt.
Oxford College to
42 | RS 42 Muneshwara Nagar 7.3 Private 42 CB-2 468 Pvt. +
Oxford College to
43 | RS 43 Muneshwara Nagar 5.08 Private 43 CB-3 11808.4 Pvt.
Oxford College to
44 | RS 44 Muneshwara Nagar 2.09 Private 44 BR-1 872.8 Govt.
Muneshwara Nagar to
45 | RS 45 Chikka Begur 27.82 Private 45 BR-2 717.4 Pvt.
Muneshwara Nagar to
46 | RS 46 Chikka Begur 17.93 Private 46 BR-3 468 Gouwt.
Muneshwara Nagar to
47 | RS 47 Chikka Begur 7.41 Private 47 BR-4 726.5 Govt.
Muneshwara Nagar to
48 | RS 48 Chikka Begur 25.48 Private 48 HR-1 326.3 Pvt.
Muneshwara Nagar to
49 | RS 49 Chikka Begur 23.8 Private 49 HR-2 2459 Pvt.
Muneshwara Nagar to
50 | RS 50 Chikka Begur 80.94 Private 50 HR-3 468 Pvt.
Muneshwara Nagar to |
51 | RS 51 Chikka Begur 16.23 Private 51 HR-4 725.6 Pvt. 9
Muneshwara Nagar to
52 | RS 562 Chikka Begur 47.16 Private 52 EC1-1 2021.3 Pvt.
Muneshwara Nagar to
53 | RS53 Chikka Begur 53 Private 53 EC1-2 468 Pvt.
Muneshwara Nagar to
54 | RS 54 Chikka Begur 23.36 Private 54 EC1-3 409.1 Govt.
Muneshwara Nagar to
55 | RS 55 Chikka Begur 3.59 Private 55 EC1-4 6145.1 Pvt.
Muneshwara Nagar to
56 | RS 56 Chikka Begur 5.59 Private 56 EC-1 480.3 Pvt. +
Muneshwara Nagar to
57 | RS 57 Chikka Begur 1.46 Private 57 EC-2 468 Pvt.
Muneshwara Nagar to
58 | RS 58 Chikka Begur 2.33 Private 58 EC-3 91.3 Pvt.
Muneshwara Nagar to
59 | RS 59 Chikka Begur 18.97 Private 59 EC-4 156 Pvt.
Muneshwara Nagar to
60 | RS 60 Chikka Begur 1.83 Private 60 EC-5 6121 Pvt. #
Muneshwara Nagar to
61 | RS 61 Chikka Begur 33.54 Private 61 HUR-1 374.6 Govt.
Muneshwara Nagar to
62 | RS62 Chikka Begur 49.53 Private 62 HUR-2 688.6 Pt
Muneshwara Nagar to
63 | RS 63 Chikka Begur 2.2 Private 63 HUR-3 468 Pvt
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Muneshwara Nagar to
64 | RS 64 Chikka Begur 2.5 Private 64 HUR-4 280.3 Govt.
Muneshwara Nagar to
65 | RS 65 Chikka Begur 10.36 Private 65 HUR-5 16.9 Pvt.
Muneshwara Nagar to
66 | RS 66 Chikka Begur 1.36 Private 66 HEB-1 1594.2 Govt.
Chikka Begur to Basapur
67 | RS67 Road 3217 Private 67 HEB-2 1274.9 Pvt.
Chikka Begur to Basapur
68 | RS68 Road 12.03 Private 68 BOM-1 16309.1 Pvt.
Chikka Begur to Basapur
69 | RS 69 Road 50.08 Private 69 BOM-2 412.8 Pvt.
Chikka Begur to Basapur
70 | RS 70 Road 3.09 Private 70 BOM-3 468 Pvt.
Chikka Begur to Basapur
71 | RS 71 Road 5.91 Private 71 BOM-4 790.4 Govt.
Chikka Begur to Basapur
72 | RS 72 Road 39.62 Private Total 874104
Chikka Begur to Basapur
73 | RS73 Road 0.03 Private
Electronic City - | to
74 | RS 74 Electronic City 1.56 Private
Electronic City - | to
75 | RS 75 Electronic City 1.35 Private
Electronic City - | to
76 | RS 76 Electronic City 2.41 Private
Electronic City - | to
77 | RS 77 Electronic City 4.22 Private
Electronic City - | to
78 | RS 78 Electronic City 1.88 Private
Electronic City - | to
79 | RS79 Electronic City 5.83 Private
Electronic City - | to
80 | RS 80 Electronic City 14.36 Private
Electronic City - | to
81 | RS 81 Electronic City 30.12 Private
Electronic City - | to
82 | RS 82 Electronic City 0.73 Private
Electronic City - | to
83 | RS 83 Electronic City 8.46 Private
Electronic City - | to
84 | RS 84 Electronic City 17.07 Private
Electronic City - I to
85 | RS 85 Electronic City 0.54 Private
Electronic City - | to
86 | RS 86 Electronic City 4.86 Private
Electronic City - I to
87 | RS 87 Electronic City 3.15 Private

13/40
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Electronic City to Huskur
88 | RS 88 Road 47.79 Private
Electronic City to Huskur
89 | RS 89 Road 79.43 Private
Electronic City to Huskur
90 | RS 90 Road 8.1 Private
Huskur Road to
91 RS 91 Hebbagodi 2.29 Private
Huskur Road to
92 | RS 92 Hebbagodi 3.55 Private
Huskur Road to
93 | RS 93 Hebbagodi 5.55 Private
Hebbagodi to
94 | RS 94 Bommasandra 36.92 Private
Hebbagodi to
95 | RS 95 Bommasandra 322.7 Private
Hebbagodi to
96 | RS 96 Bommasandra 11.54 Private
Hebbagodi to
97 | RS97 Bommasandra 36.1 Private
Hebbagodi to
98 | RS 98 Bommasandra 71.9 Private
Hebbagodi to
99 | RS 99 Bommasandra 35.8 Private
RS Hebbagodi to
100 100 Bommasandra 7.02 Private
RS Hebbagodi to
101 101 Bommasandra 270.79 Private
Total 5141.87
4.4.3 Proposed Land Plan for stations showing Government and Private Land is given at
Figure 4.2/1 & 4.2/16.The land to be acquired for the viaduct between stations is
shown in General Arrangement Drawings (GADs). It may be seen that at the
proposed Jayadev Hospital metro Station site, acquisition of the land will be needed
in the premises of hospital. In fact this is needed to provide the station building and
also platforms. This acquisition will also enable the integration of two corridors. The
acquisition of large number of building is needed after Jayadev hospital on Silk Board
junction side.
4.4.4 Land for Property Development

It is proposed that vacant plot of an area of 2,320 sq.m near BTM Layout Station
(Chainage 3582.70), 19,200Sgm near Chikka Begur Station (Chainage 9257.50),
10,450 Sgm near Hosa Road Station (Chainage 11998.30) and 17,000Sgm near
Electronic City-I Station (Chainage 12990.10) would be utilized for Property
Development (Total of 48,970Sqm). Similarly, it is proposed to acquire 10,650Sgm of
land behind Bommasandra station for utilization of Property Development. Thus the
total land available for the property development is 59,620 Sgm (59.62ha).
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4.45 The important locations and reference points along the corridor is presented in table
4.5 as under :

TABLE 4.5
S.No | Chainages Important Locations / reference | Locations
points ' w.r.t
alignment

From To

R V Road (4" Main Road) (Laxman | -
1. 0.00 600.00 Rao Park on either side)
40" cross road -
2. 600.00 2500.00 Marenahalli road (South end road) -
Jaya Nagar 2™ cross road -
Jaya Nagar 5" block -
4" Main road
5™ Main road
6™ Main road
7™ Main road
9™ Main road
10" Main road
11™ Main road, Arbindo Marg (24™ Main)
11™ A Main road
25™ Main
28" Main
East End road
Bannerghatta road

3. 2500 4700 Outer Ring Road -
7" Main road right
Tavarkere Main road, 16™ Main -
20" Main left
29" Main right
Tank shore road right
4 4700 18100 Hosur road -
Ramp of Elevated highway starts left
Begur road right
27" cross road Left
Bandepalya road Left
7" cross Right
Kudiu road left
Chik Begur road Right

sian
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4.4.6 Relocation/ Resettlement
The project involves relocation of few shops, commercial cum residential buildings
and hutments along the alignment. Compensation for relocation of these affected
structures shall be paid and it has been considered in the project cost estimate. The
alignment has been so chosen, that it remains mostly within the government land.
However, at certain locations while negotiating the curves, the land acquisition
became inevitable. It is proposed to invite bids from private developers to offer
constructed tenements against TDR and cash components in their own land.

4.5 STATION PLANNING

CHAPTER 4- CIVIL ENGINEERING

R V Road to Bommasandra alignment covers 18.82 km and consists of the following
16 stations including R. V. Road:

Bangalore Metro Rail Project ( Phase If)
S.No Chainage Inter
Distance
Station Name Between
Two
Stations.
DEAD END (-)450
0 R.V.Road Terminal 0 450
1 Ragigudda temple 12555 1255.5
2 Jayadev Hospital 24543 1198.8
3 BTM Layout 3582.7 1128.4
4 Silk Board Junction 4543 1 960.4
5 HSR Layout 5761 1217.9
6 OXFORD College 6960.8 1199.8
7 Muneshwara Nagar 7858.2 897.4
8 Chikka Begur 9257.5 1399.3
9 Basapur Road 11053.5 1796
10 | Hosa Road 11998.3 944.8
11 Electronic City - | 12990.1 991.8
12 | Electronic City 13987.2 997.1
13 | Huskur Road 15460.2 1473
14 | Hebbagodi 16848.3 1388.1
15 | Bommasandra 17961.4 11131
DEAD END 18366.222 405
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4.5.1 Station Design
As per the configuration of alignment, all the stations would be elevated.
The stations will have following category:

1. on the middle of the road — Ragigudda, BTM Layout, Silk Board

2. partially on the road — Jayadeva Hospital, HSR Layout

3. On Service road of NH-7 (Hosur Road) — Oxford College, Muneshwara Nagar,
Chikka Begur, Basapur Road, Hosur Road, Electronic City — I, Electronic City,
Huskur Road, Hebbagodi and Bommasandra

4.5.2 Platforms

Stations have been planned with side platforms to avoid the viaduct structure from
flaring in and out at stations, which obstructs the road traffic below. Care has been
taken to locate stations on straight alignment. However, in some stations, site
constraints have become the deciding criteria and a curve of 1000 m radius has been
introduced.

4.5.3 Station Facilities

The elevated alignment passes on the middle of the road and the station is also
proposed on the middle of the road. The commuter can directly approach to the
unpaid concourse at higher level, through staircases and escalators, from either side,
without crossing the road. The operational area is also proposed in the paid
concourse.

The ground level has been proposed for parking/ ancillary structures and space for
movement of commuters.

Ticket / token counters, information has been proposed in the unpaid area of
concourse.

Automatic Fare Collection machines have been proposed between paid & unpaid
concourse. The commuter after purchasing tickets / tokens enters into the paid
concourse.

A conflict free circulation system is proposed for commuters and operational staff.
The proposed stations will have two side platforms and the access to the platforms is
through staircases and escalators, housed in the paid area of concourse.

Elevators have been proposed for elderly and physically challenged persons from
ground to concourse and concourse to the platforms. There will be a special
dedicated path with tactile flooring for visually impaired persons.

Plaza has been proposed in front of the station for pedestrian movement, facilities for
parking for private vehicles and public transport.

Public Conveniences in the form of paid toilets have also been proposed at the
station, outside the station building.

o |




S

CHAPTER 4- CIVIL ENGINEERING

4.5.3 Station Locations

R.V. Road
This is the Station on North south Line from where the extension to

Bommasandra is proposed to taker off. The Schematic Plan of RV. Road Station
is given at Figure 4.2/1.

Ragigudda

Ragigudda is the first station on R V Road —Electronic City line. The elevated
station has been proposed on the middle of Marenahalli Main Road leading
towards Silk Board. The station is located on the LHS on the vacant land & a
part of Park. The chainage of the station is 1255.50. The main access to the
station has been provided from the traffic integration area, which is proposed on
the open land. The other access to the station is proposed across the road.
Ancillary Structures required for operational activities have been housed in traffic
integration area.

Schematic Plan of the station is placed at Figure 4.2/2.

Jayadeva Hospital

This is an elevated station, off the road and partially on the Marenahalli road and
on the Jayadeva hospital compound. The station is located at the edge of
Jayadeva compound. It is a interchange Station with the N-S line (Bannerghatta
Road) Station which will also be accommodated on the edge of the Jayadeva
Hospital compound and the platforms of the two stations will be interconnected in
‘L" shape at two different levels & connected through escalaors/staircases. This
area will also serve for locating ancillary structures required for operational
activities and for parking of vehicles. The chainage of the station is 2454.30.

Schematic Plan of the station is placed at Figure 4.2/3.

BTM Layout

This is the third station on R V Road - Electronic City line. The elevated station
has been proposed on the middle of Outer Ring Road leading towards Silk
Board. The station is located on the LHS on the vacant land & Pvt Property,
(Petrol Bunk). The chainage of the station is 3582.70. The accesses to the
station are proposed across the road. Ancillary Structures required for
operational activities have been housed in part of the park area.

Schematic Plan of the station is placed at Figure 4.2/4.

. Silk Board

This is the 4™ station on R V Road — Electronic City line. The elevated station
has been proposed on the middle of Outer Ring Road leading towards Silk
Board. The station is located on the RHS on the vacant land. The chainage of

P

18/40



@ CHAPTER 4- CIVIL ENGINEERING

the station is 4543.10. The access to the station is proposed across the road.
Ancillary Structures required for operational activities have been housed in open
area.

Schematic Plan of the station is placed at Figure 4.2/5.
5. HSR Layout:

This is the 5" station on R V Road — Electronic City line & is the first station
on the Hosur Road (NH-7). The elevated station has been proposed on the west
side service road of Hosur road & on Pvt Compounds and is near to the
approach ramp of Elevated Corridor of NH-7. The chainage of the station is
5761. The access to the station is proposed across the road. Ancillary Structures
required for operational activities have been housed in adjacent area.

Schematic Plan of the station is placed at Figure 4.2/6.

7. to 16. Oxford College, Muneshwara Nagar, Chikka Begur, Basapur road,
Hosa road, Electronic City-l & Electronic City,Huskur
Road,Hebbagodi and Bommasandra Stations on the Hosur Road

These are elevated stations off the road and partially on the service road of
Hosur road and on the Pvt Compounds. The station areas will also serve for
locating ancillary structures required for operational activities and for parking of
vehicles. The chainage of these stations are 6960.80, 7858.20, 9257.50,
11053.50, 11998.30, 12990.10 and 13987.20, 15460.2,16848.3 and 17961.4.
The Chikka Begur Station at chainage 9257.50 is planned to have a stabling/sick
line for emergency parking of the trains.

Schematic Plan of a typical station is placed at Figure 4.2/7 to 4.2/16
4.5.4 Architectural Finishes

A light weight and sleek steel structures has been envisaged for roof of stations with
translucent fabric sheeting for ambient day lighting within the stations. Glass walls
with granite floor and stainless steel and glass balustrade etc have been proposed
for aesthetic reasons and for ease of maintenance. The structural system proposed
is modern, sleek and aesthetically appealing and cost effective.

4.6 PLANNING AND DESIGN CRITERIA FOR STATIONS

1. The stations can be divided into public and non-public areas (those areas
where access is restricted). The public areas can be further subdivided into
paid and unpaid areas.

oo |
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The platform level has adequate assembly space for passengers for both
normal operating conditions and a recognized abnormal scenario.

The platform level at elevated stations is determined by a critical clearance of
5.5 m under the concourse above the road intersection, allowing 3.5 m for the
concourse height, about 1 m for concourse floor and 1.5 m for structure of
tracks above the concourse. Further, the platforms are 1.09 m above the tracks.
This would make the rail level in an elevated situation at least 12.5m above
ground.

In the underground stations, platform level is determined by a critical clearance
of 2.50 m above the station box, which would be 13.7 m high. Allowing about 80
cm for the box structure, 70 cm for rails /supporting structure and 1.09 m for rail
to platform ht, would make the platforms in an underground situation at least
13.5 m below ground.

The concourse contains automatic fare collection system in a manner that
divides the concourse into distinct areas. The ‘unpaid area' is where
passengers gain access to the system, obtain travel information and purchase
tickets. On passing through the ticket gates, the passenger enters the 'paid
area’, which includes access to the platforms.

The arrangement of the concourse is assessed on a station-by-station basis
and is determined by site constraints and passenger access requirements.
However, it is planned in such a way that maximum surveillance can be
achieved by the ticket hall supervisor over ticket machines, automatic fare
collection (AFC) gates, stairs and escalators. Ticket machines and AFC gates
are positioned to minimize cross flows of passengers and provide adequate
circulation space.

Sufficient space for queuing and passenger flow has been allowed at the
ticketing gates.

Station entrances are located with particular reference to passenger catchment
points and physical site constraints within the right-of-way allocated to the
MRTS.

Office accommodation, operational areas and plant room space is required in

the non-public areas at each station. The functions of such areas are given in
Table 4.6

The DG set, bore well pump houses and ground tank would be located
generally in one area on ground.

The system is being designed to maximize its attraction to potential passengers
and the following criteria have been observed:
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¢ Minimum distance of travel to and from the platform and between platforms
for transfer between lines.

¢ Adequate capacity for passenger movements.

e Convenience, including good signage relating to circulation and
orientation.

e Safety and security, including a high level of protection against
accidents.

Following requirements have been taken into account:

e Minimum capital cost is incurred consistent with maximizing passenger
attraction.

¢ Minimum operating costs are incurred consistent with maintaining efficiency
and the safety of passengers.

e Flexibility of operation including the ability to adapt to different traffic
conditions changes in fare collection methods and provision for the
continuity of operation during any extended maintenance or repair period,
etc.

e Provision of good visibility of platforms, fare collection zones and other
areas, thus aiding the supervision of operations and monitoring of efficiency
and safety.

e Provision of display of passenger information and advertising.

The numbers and sizes of staircases/escalators are determined by checking
the capacity against AM and PM peak flow rates for both normal and
emergency conditions such as delayed train service, fire etc.

In order to transfer passengers efficiently from street to platforms and vice
versa, station planning has been based on established principles of pedestrian
flow and arranged to minimize unnecessary walking distances and cross-flows
between incoming and outgoing passengers.

Passenger handling facilities comprise of stairs/escalators, lifts and ticket gates
required to process the peak traffic from street to platform and vice-versa (these
facilities must also enable evacuation of the station under emergency
conditions, within a set safe time limit).
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4.7 TYPICAL ELEVATED STATION
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The station is generally located on the road median except Forits, World Trade
Park, Malviya Nagar and Jawahar Kala Kendra are located on green strip
separating main road and service road. Total length of the station is 140m. All
the stations are two-level stations. The concourse is concentrated in a length of
about 70 to 80 m in the middle of the station, with staircases leading from either
side of the road. The maximum width of the station at concourse is 25 m and at
the narrowest part is 16.5 m. Passenger facilities like ticketing, information, etc
as well as operational areas are provided at the concourse level. Typically, the
concourse is divided into public and non-public zones. The non-public zone or
the restricted zone contains station operational areas such as Station Control
Room, Station Master’'s Office, Waiting Room, Meeting Room, UPS & Battery
Room, Signaling Room, Train Crew Room & Supervisor's Office, Security
Room, Station Store Room, Staff Toilets, etc. The public zone is further divided
into paid and unpaid areas. Auxiliary Service station is provided on the ground
nearby as per availability of land.

Since the station is in the middle of the road, minimum vertical clearance of 5.5
m has been provided under the concourse. Platforms are at a level of about
13.5 m from the road. To reduce physical and visual impact of the elevated
station, stations have been made narrow towards the ends.

With respect to its spatial quality, an elevated Metro structure makes a great
impact on the viewer as compared to an At-grade station. The positive
dimension of this impact has been accentuated to enhance the acceptability of
an elevated station and the above ground section of tracks. Structures that
afford maximum transparency and are light looking have been envisaged. A
slim and ultra-modern concrete form is proposed, as they would look both
compatible and modern high-rise environment as well as the lesser-built, low-
rise developments along some parts of the corridor.

Platform roofs, that can invariably make a structure look heavy, have been
proposed to be of steel frame with aluminum cladding to achieve a light look.
Platforms would be protected from the elements by providing an overhang of
the roof and sidewalls would be avoided, thereby enhancing the transparent
character of the station building. In order to allow unhindered traffic movement
below the stations, portals across the road have been proposed in the
concourse part, over which the station structure would rest. The rest of the
station structure is supported on a single column, which lies unobtrusively on
the central verge.
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Table 4.6
STATION ACCOMMODATION

1. Station Control Room 2. Cleaner’s Room
3. Station Master’s Office 4.  Security Room
5. Information & Enquiries 6. First Aid Room
7. Ticket Office 8. Miscellaneous Operations Room
9. Ticket Hall Supervisor & 10. Platform Supervisor’s Booth
Excess Fare Collection
(Passenger Office)
11. Cash and Ticket Room 12. Traction Substation (alternate
Stations)
13. Staff Area 14. Fire Tank and Pump Room
15. Staff Toilets 16. Commercial Outlets and Kiosks
17. Station Store Room 18. UPS and Battery Room
19. Refuse Store 20. Signaling / Communication
Room

4.8 PASSENGER AMENITIES

Passenger amenities such as ticketing counters/automatic ticket vending machines,
ticketing gate, etc. are provided in the concourse. Uniform numbers of these facilities
have been provided for system wide uniformity, although the requirement of the
facilities actually varies from station to station. The same applies to provision of
platform widths and staircase/escalators. Maximum capacity required at any station
by the year 2031 for normal operation has been adopted for all stations. For this
purpose, peak minute traffic is assumed to be 2% of the peak hour traffic. For
checking the adequacy of platform area, stair widths and requirement additional of
emergency evacuation stairs, a maximum accumulation of passengers in the station
has been considered to be comprising waiting passengers at the platform (including
two missed headways) and section load expected to be evacuated at the station in
case of an emergency.

The proposed station s will have the following facilities for the information of the
passenger:

e Passenger Information Display System

¢ Public Address System

e Clocks

e Signage.

4.8.1 Concourse
Concourse forms the interface between street and platforms. In elevated stations,
this is contained in a length of 70 - 80 m in the middle of the station. This is where all
the passenger amenities are provided. The concourse contains automatic fare
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collection system in a manner that divides the concourse into distinct paid and unpaid
areas. The 'unpaid area' is where

passengers gain access to the system, obtain travel information and purchase
tickets. On passing through the ticket gates, the passenger enters the 'paid area’,
which includes access to the platforms. The concourse is planned in such a way that
maximum surveillance can be achieved by the ticket hall supervisor over ticket
machines, automatic fare collection (AFC) gates, stairs and escalators. Ticket
machines and AFC gates are positioned to minimize cross flows of passengers and
provide adequate circulation space. Sufficient space for queuing and passenger flow
has been allowed in front of the AFCs.

Ticketing Gates

Ticketing gates’ requirement has been calculated taking the gate capacity as 45
persons per minute per gate. Passenger forecast for the horizon year 2031 has been
used to compute the maximum design capacity. At least two ticketing gates shall be
provided at any station even if the design requirement is satisfied with only one gate.
Uniform space has been provided in all stations where gates can be installed as and
when required.

Ticket Counters and Ticket Issuing Machines (TIMs)

Itis proposed to deploy manual ticket issuing in the beginning of the operation of the line.
At a later stage, automatic TIMS would be used for which space provision has been
made in the concourse. At present, ticket counters would be provided, which would be
replaced with TIMS in future. Capacity of manual ticket vending counters is taken to be
10 passengers per minute and it is assumed that only 40% of the commuters would
purchase tickets at the stations while performing the journey. The rest are expected to
buy prepaid tickets or prepaid card, etc. Accordingly, the requirement of ticket counters
has been calculated and the same provided for in the plans.

Platforms

A uniform platform width of 8 to 12 m wide is proposed for the underground stations.
In elevated stations, 4.5m wide side platforms have been proposed. These platform
widths also have been checked for holding capacity of the platform for worst-case
scenario.

Stairs, Escalators and Lifts
Provision has been made for escalators in the paid area i.e. from concourse to
platforms. On each platform, one escalator has been proposed. In addition, two

staircases with a combined width of 6 m are provided on each platform connecting to
the concourse. These stairs and escalator together provide an escape capacity
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adequate to evacuate maximum accumulated passengers in emergency from platforms
to concourse in 5.5 minutes. Lifts have been provided one each on either platform, to
provide access for elderly and disabled.

Since the rise to road from the concourse is about 8m, it is proposed to provide lifts in
addition to stairs for vertical movement of passengers from street to concourse.

4.9 TRAFFIC INTEGRATION
4.9.1 Concept of Traffic Integration

The objective of an integrated transport system and traffic movement is to offer
maximum advantage to commuters and society from traffic and planning
consideration. Various modes of transport need to be integrated in a way that each
mode supplements the other. A large proportion of MRTS users will come to and
depart from various stations by public, hired and private modes, for which integration
facilities need to be provided at stations to ensure quick and convenient transfers.

In order to ensure that entire MRTS function as an integrated network and provides

efficient service to the commuter, the following steps have been identified:

o Suitable linkages are proposed so that various corridors of MRTS are
integrated within themselves, with existing rail services and with road based
modes.

. Facilities needed at various stations are planned in conformity with the type of
linkages planned there.

Traffic and transport integration facilities are provided for two different types of linkages:

| Feeder links to provide integration between various MRTS corridors and road
based transport modes i.e. public, hired, and private vehicles.

| Walk links to provide access to the pedestrians.

4.9.2 Approach Adopted in Planning Traffic Integration Facilities

Integration facilities at MRTS stations include approach roads to the stations,
circulation facilities, pedestrian ways and adequate circulation areas for various
modes likely to come to important stations including feeder bus/mini-buses. Parking
for private vehicles has been proposed close to the station entrances. The computer
model employed for traffic demand projections provides also a breakup of station
loads between passengers arriving by walk or by vehicular modes. The vehicular
component has been further broken up among hired and private modes on station-to-
station basis, by assessing the socio-economic profile of the catchment areas and
the distance likely to be travelled by commuters before and after using the MRTS. In
doing so, feeder buses being planned as part of the project as well as interchange
with railways has been considered. In case at a particular station, suitable land is not
available, effort has been made to provide equivalent space on the adjacent stations,

asian
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assuming that park and ride commuters will shift to which ever station such a facility
is available.

CIVIL STRUCTURES
Elevated Section

Choice of Superstructure

The choice of superstructure has to be made keeping in view the ease of
constructability and the maximum standardization of the formwork for a wide span
ranges.

The segmental construction has been chosen mainly due to the following
advantages:

. Segmental construction is an efficient and economical method for a large range
of span lengths and types of structures. Structures with sharp curves and
variable super elevation can be easily accommodated.

. Segmental construction permits a reduction of construction time as segments
may be manufactured while substructure work proceeds and assembled rapidly
thereafter.

. Segmental construction protects the environment as only space required for

foundation and sub-station is required at site. The superstructure is
manufactured at a place away from busy areas and placement of
superstructure is done with the system erected from piers at heights.

. Segments are easy to stack in the casting yard/stacking yard in more than one
layer, thereby saving in requirement of space.

. It is easier to transport smaller segments by road trailers on city roads.

. It is easy to incorporate last minute changes in span configuration if the site
situation so warrants.

. Interference to the traffic during construction is significantly reduced.

. Segmental construction contributes towards aesthetically pleasing structures
and good finishes.

. The overall labour requirement is less than that for conventional methods.

. Better quality control is possible in the casting yard.
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. During construction, the technique shows an exceptionally high record of
safety.

4.10.2 Types of Superstructures for Elevated Section
1. Pre-cast segmental box girder using external unbounded tendon

(B) Pre-cast segmental U-Channel Superstructure with internal pre-stressing.
Comparative advantages/disadvantages of the above two types are given below:

A. Precast Segmental Box Girder using External Unbonded Tendon.

This essentially consists of precast segmental construction with external
prestressing and dry joints and is by far most preferred technique in fast track
projects. In such construction the prestressing is placed outside the structural
concrete (inside the box section) and protected with high density polyethylene
tubes, which are grouted with special wax or cement. The match cast joints at
the interface of two segments are provided with shear keys as in traditional
segmental construction. However, epoxy is dispensed with because water tight
seal at the segment joints is not required because tendons are laid externally &
protected by special wax or cement.

The main advantages of dry-jointed externally prestressed precast segmental
construction can be summarized as follows:-

. Simplification of all post-tensioning operations, especially installation of
tendons.

. Reduction in structural concrete thickness as no space is occupied by the
tendons inside the concrete.

. Good corrosion protection due to tendons in polyethylene ducts, the grout
inspection is easier and leaks, if any, can be identified during the grouting
process.

. Simplified segment casting. There is no concern about alignment of tendons.

Increased speed of construction.

. The elimination of the epoxy from the match-cast joints reduces costs and
increases speed of construction further.

. Replacement of tendons in case of distress is possible and can be done in a
safe and convenient manner.

. Facility for inspection and monitoring of tendons during the entire service life of
the structure.
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Precast Segmental Box Girder using internal tendon is also use.

B. Precast Segmental U-Channel Superstructure with Internal Pre-stressing.
The single U type of viaduct structure is also a precast segmental construction
with internal prestressing and requires gluing and temporary prestressing of
segments. The match cast joints at the interface of two segments are also
provided with shear keys. The main advantages for this type of structural
configuration of superstructure are:

1. Builtin sound barrier.

2. Builtin cable support and system function.

3. Possibility to lower the longitudinal profile by approximately 1m compared to
conventional design.

4. Built in structural elements capable to maintain the trains on the bridge in
case of derailment (a standard barrier design allow this)

5. Built in maintenance and evacuation path on either side of the track.
However, ‘U’ section has following disadvantages:

(i) Inefficient structure sections
(ii) Requires cross pre-stressing of pier segments

(iii) At X-over locations the girders are to be connected at slab level hence
changing of bearing at later stage becomes very difficult.

(iv) Costly than Box girder.

4.11CONSTRUCTION METHODOLOGY

For the elevated sections it is recommended to have pre-cast segmental construction
for super structure for the viaduct. For stations also the superstructure is generally of
pre-cast members. The pre-cast construction will have following advantages:-

. Reduction in construction period due to concurrent working for substructure and
superstructure.
. For segmental, pre-cast element (of generally 3.0m length), transportation from

construction depot to site is easy and economical.
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. Minimum inconvenience is caused to the public utilising the road as the
superstructure launching is carried out through launching girder requiring
narrow width of the road.

. As the pre-cast elements are cast on production line in a construction depot,
very good quality can be ensured.

. The method is environment friendly as no concreting work is carried at site for
the superstructure.

4.12Pre-Cast Construction

Casting of Segments

For viaducts segmental pre-cast construction requires a casting yard. The
construction depot will have facilities for casting beds, curing and stacking area,
batching plant with storage facilities for aggregates and cement, site testing
laboratories, reinforcement steel yard and fabrication yard etc. An area of about 2.5
Ha. To 3 Ha. is required for each construction depot.

For casting of segments both long line and short line method can be adopted.
However the long line method is more suitable for spans curved in plan while short
line method is good for straight spans. A high degree of accuracy is required for
setting out the curves on long line method for which pre calculation of offsets is
necessary. Match casting of segments is required in either method. The cast
segments are cured on the bed as well as in stacking

yard. Ends of the segments are to be made rough through sand blasting so that
gluing of segments can be effective.

The cast segment will be transported on trailers and launched in position through
launching girders.

Launching Scheme

Launching girder is specially designed for launching of segments. The suggested
launching scheme is designed in such a way that initially the launching girder is
erected on pier head at one end of the work. The segments are lifted in sequence
and when the lifting is over, they are dry matched while hanging from the launching
girder. After dry matching, the

segments are glued with epoxy and pre-stressed from one end. The girder is lowered
on the temporary / permanent bearings after pre-stressing. The launching girder then
moves over the launched span to next span and the sequences continue. Launching
Scheme concept is given in Fig No. 4.3/1 to 4.3/4

200
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4.13 Structural System of Viaduct

Superstructure

The superstructure of a large part of the viaduct comprises of simply supported
spans. However at major crossing over or along existing bridge, special steel or
continuous unit will be provided.

Normally the Box Girder having a soffit width of about 4.0 m (approx) accommodates
the two tracks situated at 4.2 m center to center (c/c). The Box Girder superstructure
for aimost all the simply supported standard spans will be constructed by precast
prestressed segmental construction with epoxy bonded joints.

The standard spans c/c of piers of simply supported spans constructed by precast
segmental construction technique has been proposed as 28.0m. The usual
segments shall be 3.0m in length except the Diaphragm segments, which shall be
2.0m each. The other spans (c/c of pier) comprises of 31.0 m, 28m 25.0 m, 22.0 m,
19.0 m & 16.0 m, which shall be made by removing/adding usual segments of 3.0 m
each from the center of the span.

The pier segment will be finalized based on simply supported span of 31.0m and the
same will be also kept for all simply supported standard span.

For major crossing having spans greater than 31.0m, special continuous units
normally of 3 span construction or steel girders have been envisaged.

All these continuous units (in case provided at obligatory location) will be constructed
by cast-in-situ balanced cantilever construction technique.

Substructure

The viaduct superstructure will be supported on single cast-in-place RC pier.

The shape of the pier follows the flow of forces. For the standard spans, the pier
gradually widens at the top to support the bearing under the box webs.

At this preliminary design stage, the size of pier is found to be limited to 1.8m to 2.0
m diameter of circular shape for most of its height so that it occupies the minimum
space at ground level where the alignment often follows the central verge of existing
roads.

To prevent the direct collision of vehicle to pier, a Jersey Shaped crash barrier of 1.0
m height above existing road level has been provided all around the pier. A gap of
25 mm has also been provided in between the crash barrier and outer face of pier.
The shape of upper part of pier has been so dimensioned that a required clearance
of 5.5 m is always available on road side beyond vertical plane drawn on outer face

of crash barrier. In such a situation, the minimum height of rail above the existing
road is 8.4 m.
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The longitudinal center to center spacing of elastomeric/pot bearing over a pier would
be about 1.8 m. The space between the elastomeric bearings will be utilized for
placing the lifting jack required for the replacement of elastomeric bearing. An
outward slope of 1:200 will be provided at pier top for the drainage due to spilling of
rainwater, if any. The transverse spacing between bearings would be 3.2 m (to
be studied in more details).

The orientation and dimensions of the piers for the continuous units or steel girder
(simply supported span) have to be carefully selected to ensure minimum occupation
at ground level traffic. Since the vertical and horizontal loads will vary from pier to
pier, this will be catered to by selecting the appropriate structural dimensions.

Foundation Recommendation

Substratum consists of top 1 meter as filled up soil followed by sand, silty sand, silty
sand mixed with gravel up to 25 meter depth. From Ajmer Puliya to Government
Hostel weathered/hard rock beyond 12 meter depth was met. Pile foundations have
been recommended for the foundations as per the stratum encountered. Hence, pile
foundations with varying pile depths depending on soil characteristic have to be
provided on a case-by-case basis.

Deck — Simple Spans

Salient features of the precast segmental construction method technique as
envisaged for the project under consideration are indicated below:

The superstructure shall be constructed “span by span” sequentially, starting at one
end of a continuous stretch and finishing at the other end. Nos. of launching girders
may be required so as to work on different stretches simultaneously to enable
completion of the project in time.

The number of “breaks” in the stretch can be identified by Nos. of continuous units &
stations.

The suggested method of erection will be detailed in drawings to be prepared, at the
time of detailed design. The launching girder (or, more accurately, the “assembly
truss”) is capable of supporting the entire dead load of one span and transferring it to
the temporary brackets attached to the pier. The governing weight of the segments
will be of the order of 50t (to be finalized). The launching girder envisaged will be
slightly longer than two span lengths. It must be able to negotiate curves in
conjunction with temporary brackets.

Transportation of segments from casting yard to the point of erection will be effected
by appropriately designed low-bedded trailers (tyre-mounted). The segments can be
lifted and erected using erection portal gantry moving on launching girder.
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Box girder segments shall be match cast at the casting yard before being transported
to location and erected in position. Post-tensioned cables shall be threaded in-situ
and tensioned from one end. It is emphasized that for precast segmental
construction only one-end pre-stressing shall be used.

The pre-stressing steel and pre-stressing system steel accessories shall be
subjected to an acceptance test prior to their actual use on the works. The tests for
the system shall be as per FIP Recommendations as stipulated in the special
specifications. Only multi-strand jacks shall be used for tensioning of cables. Direct
and indirect force measurement device (e.g. Pressure Gauge) shall be attached in
consultation with system manufacturer.

The Contractor shall be responsible for the proper handling, lifting, storing,
transporting and erection of all segments so that they may be placed in the structure
without damage. Segments shall be maintained in an upright position at all times
and shall be stored, lifted and/or moved in a manner to prevent torsion and other
undue stress. Members shall be lifted, hoisted or stored with lifting devices approved
on the shop drawings.

Epoxy Bonded Joints and Shear Keys

A minimum compressive stress of 3 kg/sq cm shall be provided uniformly over the
cross-section for the closure stress on the epoxied joint until the epoxy has set. The
curing period for application of the compressive stress, method of mixing and
application of epoxy and all related aspects including surface preparation shall be as
per approved manufacturer’'s specifications.

The purpose of the epoxy joint, which is about Tmm on each mating surface, shall be
to serve as lubricant during segment positioning, to provide waterproofing of the
joints for durability in service conditions and to provide a seal to avoid cross-over of
grout during grouting of one cable into other ducts. The epoxy shall be special
purpose and meet requirements of relevant provision of FIP (International Federation
of Pre-stressed Concrete).

The temporary compressive stress during the curing period shall be applied by
approved external temporary bar pre-stressing (such as Macalloy or Diwidag bar
systems or approved equivalent).

4.14 Construction of Stations

It is proposed to construct the elevated stations with elevated concourse over the
road at most of the locations to minimize land acquisition. To keep the rail level low,
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it is proposed not to take viaduct through the stations. Thus a separate structural
configuration is required (although this may necessitate the break in the launching
operations at each station location)

Sub-structure for the station portion will also be similar to that of viaduct and will be
carried out in the same manner. However, there will be single viaduct column in the
station area, which will be located on the median and supporting the concourse
girders by a cantilever arm so as to eliminate the columns on right of way.

Super-structure will consist of 3 precast U Girders for supporting the track structure
and | Girder / Double T Girders for supporting the platform and concourse areas. A
pre-cast or cast in situ prestressed cross girder will be required over the middle piers
for supporting platform structure. Box shaped in situ prestressed cantilever cross
girders are planned for supporting the concourse girders and escalators at
mezzanine level. All the members will be pre-cast in a construction depot and
launched at site through cranes.

4.14.1 Grade of Concrete
It is proposed to carry out construction work with design mix concrete through
computerized automatic Batching Plants with following grade of concrete for various
members as per design requirement/durability considerations.

i) Piles - M -35
i) Pile cap and open foundation - M -35
iy Piers - M -40
iv) All precast element for viaduct and station - M -45
v) Cantilever piers and portals - M -45

- M -60
vi) Other miscellaneous structure - M -30

For all the main structures, permeability test on concrete sample is recommended to
ensure impermeable concrete.

4.14.2 Reinforcement and pre-stressed Steel
It is proposed to use HYSD 415 or TMT steel as reinforcement bars.
For pre-stressing work, low relaxation high tensile steel strands with the configuration
12 T 13 and or 19 K 15 is recommended (confirming to 1S:14268).

NOTE BY BMRCL:
Fe 415 rebars are not easily available. So Fe 500 should normally be

used

[ “Saia0 |




S

CHAPTER 4- CIVIL ENGINEERING

4.14.3 Road width required during construction

As most of the construction is to be carried out on the middle of the road, central two
lanes including median will be required for construction activities. During piling and
open foundation work, a width of about 9 m will be required for construction and the
same will be barricaded. It is proposed that two lanes are provided for traffic on
either sides during construction by widening of roads, if necessary. In certain cases,
one way traffic may be resorted to.

All these actions will require a minimum period of about 4 to 6 months. During this
period, the implementing agency can go ahead with the following preliminary works:

i) Preliminary action for diversion of utility and preparation of estimates thereof.

i) Reservation of land along the corridor, identification and survey for acquisition.

415 UTILITIES AND SERVICES

The proposed alignment of R V Road to Electronic City - Bommasandra Industrial
Area is traversing along the R V Road, Marenahalli road, outer ring road and Hosur
road. Number of sub-surface, surface and over head utility services viz. sewers,
water supply lines, storm water drains, telephone cables, overhead electrical
transmission lines, electric poles, traffic signals etc. are existing along the proposed
alignment. These utility services are essential and have to be maintained in working
order during different stages of construction by temporary / permanent diversions or
by supporting in position. As such, these may affect construction and project
implementation time schedule / costs, for which necessary planning / action needs to
be initiated in advance.

Organisations / Departments responsible for concerned utility services are provided

in Table 4.7.
Table 4.7
ORGANISATION RESPONSIBLE FOR UTILITIES AND SERVICES

S. | Organisation/ Utility services

No | Department

1 Bangalore Water Supply i) Sewerage and drainage conduits
& Sewerage Board ii) Water mains, their service lines,
(BWSSB) including hydrants and fountains etc.

water treatment plants, pumping

stations etc.

2 Bruhat Bangalore Mahanagara Roads, surface water drains, nallahs etc.
Palike (BBMP)

3 Karnataka Power H.T. Lines with Pylons, Power cables
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Transmission Corporation and their appurtenances
Limited (KPTCL)
4 Bangalore Electricity L.T. lines, their electric Light posts, pole
Supply Company (BESCOM) mounted transformers etc.
5 Bharat Sanchar Nigam Telecommunication cables, junction boxes,
Limited (BSNL) telephone posts, O.H. lines etc.
6 Bangalore Traffic Police Traffic signal posts, junction boxes and
cable connections etc.
7 Reliance Industries Telecommunication cables, junction
Limited boxes, telephone posts, O.H. lines etc.
8 Tata Telecommunication Tata Telecommunication
Limited Limited
9 Bharti Telecommunications Telecommunication cables, junction
boxes, telephone posts, O.H. lines etc.

4.15.1 Diversion of Utilities
While planning for diversion of utility services e.g. sewer lines, water pipe lines, cables
etc., during construction of Metro alignment, the following guidelines have been adopted:

i) Utility services have to be kept operational during the entire construction period and
after completion of project. All proposals should therefore, ensure their uninterrupted
functioning.

i) The elevated viaduct does not pose any serious difficulty in negotiating the
underground utility services, especially those running across the alignment. In such
situation, the planning arrangement of the viaduct may be suitably adjusted to ensure
that no foundation need be constructed at the location, where utility is crossing the
proposed Metro alignment. In case of utility services running along the alignment
either below or at very close distance, the layout of piles in the foundations is to be
suitably modified such that the utility service is either encased within the foundation
piles or remains clear of them.

4.15.2 Major Utility Diversion
Since the alignment is elevated, most of the utilities will not be affected. The list of
major electrical wires crossing is given below. These are to be replaced by
underground cabling.

S. No. | Chainage Voltage Remark

1 2280 33 KV Short of Jayadeva Hospital

2 10600 66 KV Short of Basapur Station

3 10700 66 KV Short of Basapur Station

4 14970 66 KV Short of Huskur Road Station
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4.16. General Geology:

4.16.1 Geology- Bangalore is existing on a gneissic terrain of peninsular origin. The soil

formation is due to physical weathering of parent rock caused by temperature changes
accompanied by chemical transformations. Climate has played an important role in the
weathering of rock. Except for the material met with in the tank beds in the nearby
localities, the soil is residual in nature with increase in strength with depth.

The Geology here dates back to the Archean formations. These include the oldest rocks
of the earth crust found at the bottom of startified deposits. They are crystalline in nature
and exhibit high compressive strengths. They generally have a well defined foliated
structure. The Archean gneiss generally consist of orthoclase, ologoclase or microcline,
quartz, muscovite, biotite and horblende with a variety of other accessory minerals. The
types of hard rock encountered in this region are generally hard granites with low
permeability and good strength characteristics forming ideal founding strata.

4.16.2 Field Investigation

Field Investigation consisted of borehole exploration to a maximum depth of 30m. If rock
was encountered within 30m, drilling was carried to a depth of 3m in intact hard rock.
Boreholes were generally located at about 500 m to 1000 m interval along the alignment.

Borehole exploration was carried out by deploying conventional rotary drilling rigs.
Methodologies followed confirm to IS: 1892. Drilling in soil was carried out by core barrels
having suitable cutting edges. In soft rock where the strata are very dense, advancement
of bore holes was done by TC Bits of Nx size. In weathered rock and hard rock, core
drilling was progressed using Nx size diamond bits with double tube core barrel.

Standard Penetration tests (SPT) were carried out as per IS: 2131-1981 at regular
intervals of generally 1.5 to 3.0 m. Undisturbed soil samples were collected using thin
walled steel tubes of 100mm diameter, 450mm long as per 1S:2132-1986 wherever
required. Both SPT and undisturbed soil samples were sealed and labeled properly and
brought to laboratory for further testing. Rock cores were collected from core barrel after
the completion of each drill run and marked with borehole numbers and sequential core
piece numbers. Rock recovery and RQD (Rock Quality Designation) have been recorded.
The rock cores were stored in core boxes and brought to laboratory for further testing.

The depth of ground water table was monitored daily after 24 hours of drilling operation in
the bore holes and depth of water level was recorded after it stabilised.

The details of stratification, SPT Values, Ground Water Table etc. are indicated in the
Stratigraphy enclosed.
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4.16.3 LABORATORY TESTING:

The following laboratory tests were conducted on soil, water and rock samples collected
from bore holes.

Tests on soil samples:

(i) Insitu density and moisture content.
(ii) Grain size analysis.

(iii) Liquid Limit and Plastic Limit

(iv) Triaxial Shear

(v) Direct Shear

(vi) Consolidation

(vii) Permeability
(viii) Chemical analysis to determine pH, Chlorides and sulphates

Tests on Rock samples:

(i) Density
(i) Water absorption
(iii) Specific gravity
(iv) Hardness
(v) Abrasion
(vi) Unconfined Compressive strength
(vii)  Point load index
(

vii)  Determination of modulus of elasticity

Tests on Water Samples for Chemical analysis to determine pH, Chlorides and
Sulphates.

The above tests were carried out as per the relevant Indian and International standards
and indicated in bore logs.

4.16.4 GENERAL STRATIFICATION:

General stratification as obtained from the field and laboratory investigation shows typical
residual formation, which is characteristic feature in this region. The top layer generally
consists of reddish silty sand with clay or yellowish / greyish clayey sand / sandy clay.
This layer is medium dense and is underlain by medium dense to dense greyish / whitish
/ yellowish silty sand / sandy silt layer. This is followed by soft rock made up of very
dense silty sand / sandy silt layer. Weathered rock with degree of weathering varying
from slight to high followed the soft rock layer and under lain by more compact hard rock.

The Rock strata was encountered in all the bore holes except in BH1, BH7, BH8, BH11
and BH25.
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4.16.5 ANALYSIS OF RESULTS

The stratification encountered along the proposed route mostly consists of medium
dense to dense silty sand with clay or sandy clay / clayey sand at shallow depths.
This layer is followed by medium dense to dense silty sand or sandy silt, which is
non-plastic to moderately plastic. Density of this layer is increasing with depth.
This layer is followed by soft rock consisting of very dense silty sand / sandy silt.
Weathered rock and hard rock layers undertay this soft rock layer.

The formation of successive layers is varying along the route. The yellowish silty
sand layer is encountered from ground level itself at a few locations. In general,
the stratification follows regular pattern as described above.

Standard penetration tests (SPT) in the soft rock indicate very high ‘N’ values of
100 and more with virtually no penetration of SPT tube in this layer. The color and
structure of soil samples collected in the split spoon closely resembles the
underlying minerological constituents of weathered rock / hard rock.

Index properties such as grain size distribution and liquid limit and plastic limit
values indicate that, plasticity characteristics of the soil is low to moderate.
Hydrometer tests conducted on selected soil samples show that finer fraction
predominantly consists of silt and is non-expansive in nature.

Chemical analysis of soil and water samples show that pH, chiorides and sulphates
are well within permissible limits and do not call for any special treatment.

Rock cores extracted from the bore holes show the presence of gray granite with
pockets of amphibolites, granodiorite and mylorite rock. The rock is intruded with
pegmatite veins at some places. The granite rock shows gneissic texture due to
metamorphic activity.

The details of soil strata met are given in the Geotechnical investigation report.

4.16.6 Seismicity-Bangalore falls in seismic zone Il. Suitable seismic coefficient may be

adopted in the design of structures commensurate with the indian Standard
seismic zoning of the country 1S.1893-2002.

4.16.7 RECOMMENDATIONS

The type of foundation depends on stratification, type of structure, loading,
allowable settlement, etc. In the present case, the structure is Metro railway
system, which is a elevated corridor. The various structures envisaged in the
system include Elevated tracks supported on piers, Elevated stations. The loads
coming on to the foundation system will be considerable, from the structures.

.C..O.Q.C.......OCQQ..CQ.O..0.‘..0.0‘
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Shallow Foundations

Shallow Foundations are recommended wherever the hard strata (soft rock /
weathered rock / hard rock) are encountered within 4m depth below ground level.
Based on field and laboratory test results, an allowable bearing pressure of 45 T/sqm
is recommended. The hard strata are usually overlain by a medium dense soil layer.
Hence, adequate shoring and strutting will be necessary while carrying out
foundation excavation. Necessary dewatering arrangements will also be required
where water table is encountered at shallow depths.

However, moderately loaded structures on-ground stations can be supported on
shallow foundations at depths varying from 1.5 to 3.0m. The net allowable bearing
pressure for such footings at various bore holes locations has been indicated.

4.16.8 Deep Foundations

Deep foundations, in the form of bored cast in-situ piles are recommended where the
hard strata is encountered at considerable depths. The columns supporting the
elevated rail track and elevated station are recommended to be supported on pile
foundations. In particular, bored cast in-situ piles are recommended keeping in view
the site locations, which are within the city and vicinity to the structures around them.

The piles are essentially end bearing piles, socketed into the hard strata. In this case,
the hard strata encountered consist of soft rock, weathered rock and hard rock. Past
experience indicate that the piles socketed in soft rock have performed satisfactorily.
In view of this, it is recommended to anchor the pile in soft rock layer itself, wherever
the thickness of soft rock is considerable. The soft rock layer encountered in the pile
bore can be verified through SPT tests in the pile bore. Further, while chiseling for
socketing the uniformity of strata can be ensured by measuring the number of drops
Vs penetration.

Depending on the hard strata encountered at pile termination, the following depth of
socketing is recommended:

Type of strata Depth of socketing
(D = Dia of pile)

Soft Rock 3to4D

Weathered Rock 2to3D

Hard Rock 1D

The length of piles considering the strata at pile termination at various bore hole
locations have been indicated.

The safe load carrying capacity of end bearing pile depends on the characteristics of
strata at pile termination, anchoring depth and structural capacity of pile section. The
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piles of diameter 900 mm, 1000 mm, 1250 mm and 1500 mm are considered for
evaluation. The safe load carrying capacity of piles in this case is generally governed
by structural capacity of pile.

The recommended safe load on piles considering piles with M25 concrete are as
follows:

Pile dia (mm) Recommended Safe Load
(Tonnes)
900 380
1000 470
1250 _ 730
1500 1060

The increase in grade of concrete increases the structural capacity. However, it is
recommended to [imit the safe loads as above, in view of the uncertainties involved in
quality of in-situ concrete in pile bore. Further, in soft rock, the capacities are also
governed by the properties of soft rock at termination. Hence, it is preferable to limit
the safe loads as recommended above.

The uplift capacity of piles can be taken as 10 % of safe vertical load and the safe
horizontal load can be taken as 5 % of safe vertical load.

The safe load in piles shall be confirmed through pile load tests as per relevant
Indian Standards.

The pile bore, after achieving the required depth shall be washed thoroughly to
remove all the slush to ensure good bearing strata.

00.'......OC..OCO‘Q‘..O.Q....OCO‘Q."
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CHAPTER S5

TRAIN OPERATION PLAN

5.1 Operation Philosophy

The underlying operation philosophy is to make the MRT System more attractive and
economical, the main features being:
i) Selecting the most optimum frequency of Train services to meet sectional
capacity requirement during peak hours on most of the sections.
i) Economical & optimum train service frequency not only during peak period,
but also during off-peak period.

iii) Multi-tasking of train operation and maintenance staff.

5.2  Stations
List of stations for the RV Road-Electronic City -Bommasandar Corridor of Bangalore
Metro are given below:

Dead End (-) 450.00

1 |RV Road Terminal 0.00 450

2 |Ragigudda Temple 1255.5 1255.5
3 |Jayadev Hospital Compound 24543 1128.4
4 |BTM Layout 3582.7 960.4
5 |Silk Board Junction 4543 1 1217.9
6 [HSR Layout 5761.0 1199.8
7 |Oxford College 6960.8 897.4
8 [Muneshwara Nagar 7858.2 897.4
9 [Chikka Begur 9257.5 1399.3
10 [Basapur Road 11053.5 1796

11 |Hosa Road 11998.3 044.8
12 |[Electronic City | 12990.1 991.8

DPR FOR R. V. ROAD - BOMMASANDRA CORRIDOR MAY 2011 1/28
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Chapter 5 — Train Operation
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Electronic City 997 1
14 {Huskur Road 15460.2 1473
15 |Hebbagodi 16848.3 1388.1
16 |Bommasandra 17961.4 1113 1

Dead End 18366.4 405

Train Operation Plan

Salient Features

* Running of services for 19 hours of the day (5 AM to Midnight) with a station

dwell time of 30 seconds,

* Make up time of 5-10% with 8-12% coasting.

¢ Scheduled speed for RV Road-Electronic City -Bommasandra Corridor has

been assumed as 34 kmph.

Traffic Demand

Peak hour peak direction traffic demands (PHPDT) for the Bangalore Metro for the
year 2016, 2021, 2031 and 2041 for the purpose of planning are indicated in
Attachment VA, B, C & D.

Train formation

To meet the above projected traffic demand, the possibility of running trains with

composition of 6 Car trains with different headways has been examined.

The basic unit of 6-car train comprising of DMC + TC + MC + MC + TC + DMC

configuration is selected for the Bangalore Metro Corridors for the year 2016, 2021,
2031 and 2041.




5.3.4

Chapter 5 — Train Operation

Plan

Composition

DMC : Driving Trailer Car

MC . Motor Car

TC : Trailer Car

6 Car Train Composition :DMC + TC +MC + MC + TC + DMC

Capacity @ 6 persons per sqm of standee area:

DMC : 253 Passengers (Sitting-43, Crush Standing-210)
TC/MC : 280 Passengers (Sitting-50, Crush Standing-230)

6 Car Train  : 1626 Passengers (Sitting-286, Crush Standing-1340)

Capacity @ 8 persons per sqm of standee area:

DMC : 322 Passengers (Sitting-43, Crush Standing-279)
TC/MC : 356 Passengers (Sitting-50, Crush Standing-306)

6 Car Train  : 2068 Passengers (Sitting-286, Crush Standing-1782)

Train Operation Plan

Based on the projected PHPDT demand, train operation has been planned for
Bangalore Metro Corridors for the year 2016, 2021, 2031 and 2041as detailed below:

Train operation plan with train carrying capacity @ 6 persons per square meter of

standee area on Bangalore Metro Corridors is given below:

i) Year 2016 (Refer Attachment I/A)

e 8 min Headway with 6-car train.

e Available Peak Hour Peak Direction Capacity of 12195 @ 6 persons per

square meter of standee area

e Available Peak Hour Peak Direction Capacity of 15510 @ 8 persons per

square meter of standee area under dense loading conditions.

e The maximum PHPDT demand of 13078 is in the Section between Jayadev
Hopsital Compound and BTM and the PHPDT demand in the section
between BTM and Silk Board is 12973, demand in the remaining sections is
in the range of 10720 to 1086 only. The planned capacity of 12195 (15510

under dense loading) is less than the PHPDT demand in two (zero, with

dense loading capacity) sections out of fifteen sections.

3/28
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With this planned PHPDT capacity, optimum utilization of Rolling Stock will be
achieved and empty running of trains will be considerably reduced. However,
the Rolling Stock is designed for carrying higher density loading @ 8 standee
passengers per square meter and in the sections in which PHPDT capacity
exceeds the planned capacity, overloading during these periods will help in
reducing the demand for increased deployment of Rolling Stock. Traffic
demand and train capacity for this corridor in the year 2016 is tabulated and

represented on a chart enclosed as Attachment I/A.

ii) Year 2021 (Refer Attachment I/B)

¢ 6 min Headway with 6-car train.

* Available Peak Hour Peak Direction Capacity of 16260 @ 6 persons per
square meter of standee area

* Available Peak Hour Peak Direction Capacity of 20680 @ 8 persons per
square meter of standee area under dense loading conditions.

¢ The maximum PHPDT demand of 17275 is in the Section between Jayadev
Hopsital Compound and BTM and the PHPDT demand in the section
between BTM and Silk Board is 17212, demand in the remaining sections is
in the range of 15646 to 1906 only. The planned capacity of 16260 (20680
under dense loading) is less than the PHPDT demand in two (zero, with

dense loading capacity) sections out of fifteen sections.

With this planned PHPDT capacity, optimum utilization of Rolling Stock will be
achieved and empty running of trains will be considerably reduced. However,
the Rolling Stock is designed for carrying higher density loading @ 8 standee
passengers per square meter and in the sections in which PHPDT capacity
exceeds the planned capacity, overloading during these periods will help in
reducing the demand for increased deployment of Rolling Stock. Traffic
demand and train capacity for this corridor in the year 2021 is tabulated and

represented on a chart enclosed as Attachment I/B.

iii) Year 2031 (Refer Attachment I/C)
¢ 5 min Headway with 6-car train.

* Available Peak Hour Peak Direction Capacity of 19512 @ 6 persons per
square meter of standee area

4/28
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Available Peak Hour Peak Direction Capacity of 24816 @ 8 persons per
square meter of standee area under dense loading conditions.

The maximum PHPDT demand of 21274 is in the Section between Jayadev
Hospital Compound and BTM and the PHPDT demand in the section
between BTM and Silk Board is 21193, demand in the remaining sections is
in the range of 19176 to 2379 only. The planned capacity of 19512 (24816
under dense loading) is less than the PHPDT demand in two (zero, with

dense loading capacity) sections out of fifteen sections.

With this planned PHPDT capacity, optimum utilization of Rolling Stock will be
achieved and empty running of trains will be considerably reduced. However,
the Rolling Stock is designed for carrying higher density loading @ 8 standee
passengers per square meter and in the sections in which PHPDT capacity
exceeds the planned capacity, overloading during these periods will help in
reducing the demand for increased deployment of Rolling Stock. Traffic
demand and train capacity for this corridor in the year 2031 is tabulated and

represented on a chart enclosed as Attachment I/C.

iv) Year 2041 (Refer Attachment I/D)

4.5 min Headway with 6-car train.

Available Peak Hour Peak Direction Capacity of 21680 @ 6 persons per
square meter of standee area

Available Peak Hour Peak Direction Capacity of 27573 @ 8 persons per
square meter of standee area under dense loading conditions.

The maximum PHPDT demand of 23442 is in the Section between Jayadev
Hospital Compound and BTM and the PHPDT demand in the section
between BTM and Silk Board is 23352, demand in the remaining sections is
in the range of 21130 to 2622 only. The planned capacity of 21680 (27573
under dense loading) is less than the PHPDT demand in two (zero, with

dense loading capacity) sections out of fifteen sections.

With this planned PHPDT capacity, optimum utilization of Rolling Stock will be
achieved and empty running of trains will be considerably reduced. However,
the Rolling Stock is designed for carrying higher density loading @ 8 standee
passengers per square meter and in the sections in which PHPDT capacity

exceeds the planned capacity, overloading during these periods will help in

[ sas |
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reducing the demand for increased deployment of Rolling Stock. Traffic

demand and train capacity for this corridor in the year 2041 is tabulated and

represented on a chart enclosed as Attachment I/D.

The above Train Operation Plan is based on calculations on the basis of

available traffic data. In case of any mismatch in the capacity provided and the

actual traffic, the capacity can be moderated suitably by adjusting the

Headway.

The PHPDT capacity provided on the three sections in different years of

operation is tabulated below:

Capacity Provided for RV Road-Electronic City -Bommasandara Corridor

Bangalore Metro YEAR

RV Road-Electronic City — 2016 2021 2031 2041

Bommasandar Corridor

Cars/trains 6 6 6 6

Head way (Minutes) 8 6 5 4.5

Max. PHPDT Demand 13078 17275 21274 23442

PHPDT Capacity Available 12195 16260 19512 21680
(15510*) | (20680*) | (24816*) | (27573*)

*

5.3.5 Train frequency

@ 8 persons per square meter of standee area

The train operation of RV Road-Electronic City -Bommasandra Corridor of Bangalore

Metro provides for the following train frequency:

2016 2021 2031 2041
Name of Corridor | pPeak | Lean | Peak | Lean | Peak | Lean | Peak | Lean
Hour | Hour | Hour Hour | Hour | Hour | Hour | Hour
hiw h/iw hiw h/iw hiw h/iw hiw hiw
RV Road -
ctronic City-
Electronic City smin | 1210 | g | 8t 5 | 8to | 45 | 6to
Bommansadar 30min 15min | min | 15min | min 15min
Corridor

...O...-O..Q.O....“‘.QO.......O...."
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No services are proposed between 00.00 hrs to 5.00 hrs, which are reserved for

maintenance of infrastructure and rolling stock.
Hourly Train Operation plan

The hourly train operation plan is presented in Table 1.1, 1.2, 1.3 & 1.4 for years
2016, 2021, 2031 and 2041 for Bangalore Metro Corridor and enclosed as
Attachment Il. Number of train trips per direction per day for RV Road - Electronic
City-Bommasandra Corridor of Bangalore Metro is worked out as 89 in the year
2016, 138 in the year 2021, 150 in the year 2031 and 169 in the year 2041
respectively. The directional splits for RV Road - Electronic City-Bommasandra

Corridor are presented in Table 2 enclosed as Attachment lli.

Vehicle Kilometer

Based on above planning, after considering maintenance period and assuming 340
days in service in a year, Vehicle Kilometers for Bangalore Metro is given in Table 3

enclosed as Attachment V.
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5.4 Year wise rake Requirement

Based on Train formation and headway as decided above to meet Peak Hour Peak
Direction Traffic Demand, Rake requirement has been calculated and enclosed as

Attachment V and has been tabulated below:

. Headway . No. of
Corridor Year (min) No. of Rakes |Rake Consist Coaches
. 2016 8 11 6 car 66
Al N 5| e | o0
Corridor 2031 5 17 6 car 102
2041 4.5 19 6 car 114

Requirements of coaches is calculated based on following assumptions-
Assumptions -
(i)  Train Composition planned as under
6 car Train Composition: DMC + TC + MC + MC + TC+ DMC
Train Carrying Capacity of 6 Car Train : 1626 passengers
(i) ~ Coach requirement has been calculated based on headway during peak hours.
(iii)  Traffic reserve is taken as one train per section to cater to failure of train on line
and to make up for operational time lost.
(iv) Repair and maintenance reserve has been estimated as 8 % of total
requirement (Bare +Traffic Reserve).
(v)  The calculated number of rakes in fraction is rounded off to next higher number.
(vi) Schedule speed is taken as 34 kmph

(vii) Total Turn round time is taken as 6 min at terminal station

5.5 Rolling Stock

5.5.1 Introduction
The required transport demand forecast is the governing factor for the choice of the
Rolling Stock. The forecasted Peak Hour Peak Direction Traffic for Phase Il calls for
a Mass Rapid Transit System as proposed for Phase .

5.5.2 Optimization of Coach Size

The following optimum size of the coach, as opted for Bangalore Metro Phase |, has
been chosen for this corridor as mentioned in Table 5.1.
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Table 5.1 Size of the coach

Length* | Width Height
Driving Motor Car (DMC) 209m | 2.88m 3.8m
Trailer car (TC)/Motor Car (MC) | 20.9m | 2.88m 3.8m

5.5.3 Passenger Carrying Capacity

In order to maximize the passenger carrying capacity, longitudinal seating
arrangement shall be adopted. The whole train shall be vestibuled to distribute the
passenger evenly in all the coaches. Criteria for the calculation of standing
passengers are 3 persons per square meter of standing floor area in normal state
and 6 persons in crush state of peak hour.

Therefore, for the Rail Vehicles with 2.88 m maximum width and longitudinal seat
arrangement, conceptually the crush capacity of 43 seated, 210 standing thus a total
of 253 passengers for a Driving Motor Car, and 50 seated, 230 standing thus a total
of 280 for a trailer/motor car is envisaged.

6-car Train:.  DMC + TC + MC + MC + MTC + DMC
Table 5.2 and 5.3 shows the carrying capacity of Mass Rail Vehicles with standing

passenger @ 6 passenger per sqm of standee area and @ 8 passenger per sgm of
standee area respectively.

Table 5.2
Carrying Capacity of Mass Rail Vehicles (Crush@6 Person/sqm of standee
area)
I Driving Motor §.Car, Train
Trailer car / Motor car|
car :

Normal | Crush| Normal Crush Normal Crush
Seated 43 43 50 50 286 286
Standing 105 210 115 230 670 1340
Total 148 253 165 280 956 1626

NORMAL-3 Person/sgm of standee area

CRUSH -6 Person/sqm of standee area
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Table 5.3
Carrying Capacity of Mass Rail Vehicles (Crush@8 Person/sqm of standee
area)
Driving Motor car Traller z:';/ Motor S Cartraly

Normal Crush [Normal Crush Normal Crush
Seated 43 43 50 50 286 286
Standing 105 279 115 306 670 1782
Total 148 322 165 356 956 2068

NORMAL-3 Person/sqm of standee area

CRUSH -8 Person/sgm of standee area

WEIGHT

The weights of motorcar and trailer cars have been estimated as in Table 5.4,
referring to the experiences in Delhi Metro. The average passenger weight has been
taken as 65 kg.

Table 5.4 Weight of Mass Rail Vehicles (TONNES)

DMC TC MC 6 Car train
TARE (maximum) 36 32 34 240
Passenger
(Normalt) 9.62 10.73 10.73 62.14
(Crush @6p/sgm) 16.44 18.20 18.20 105.69
(Crush @8p/sqm) 20.93 23.14 23.14 134.72
Gross
(Normal) 45.62 42.73 44.73 266.14
(Crush @6p/sqm) 52.44 50.20 52.20 309.69
(Crush @8p/sgqm) 56.93 55.14 57.14 338.72
Axle Load @6 person/sgm | 13.111 12.550 13.05
Axle Load @8 person/sqm 14.233| 13.785 14.285

The axle load @ 6persons/sqm of standing area works out in the range of 13.111T to
13.05T. Heavy rush of passenger, having 8 standees per sq. meter can be
experienced occasionally. It will be advisable to design the coach with sufficient
strength so that even with this overload, the design will not resuit in over stresses in
the coach. Coach and bogie should, therefore, be designed for 15 T axle load.

Performance Parameters
The recommended performance parameters are:

Maximum Design Speed: 90 kmph

Maximum Operating Speed: 80 kmph

10/28
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Max. Acceleration: 1.0 m/s? + 5%
Max. Deceleration 1.1 m/s? Normal brake)
More than 1.3 m/s? (Emergency brake)
Traction in constant speed
) Decelerating
Accelerating Coasting
Velocity T
\
, -1.1m/s*
> 1.0m/s® £ 5% '
0 J

Time —
5.5.6 Coach design and basic parameters
The important criteria for selection of rolling stock are as under:

(i) Proven equipment with high reliability
(i) Passenger safety feature
(iii) Energy efficiency

(iv) Light weight equipment and coach body

(v) Optimized scheduled speed

(vi) Aesthetically pleasing Interior and Exterior
(vii)  Low Life cycle cost

(vii)  Flexibility to meet increase in traffic demand
(ix) Anti-telescopic

The controlling criteria are reliability, low energy consumption, lightweight and high
efficiency leading to lower annualized cost of service. The coach should have high
rate of acceleration and deceleration.

5.5.7 Selection of Technology
Low life cycle cost
Low life cycle cost is achieved by the way of reduced scheduled and unscheduled
maintenance and high reliability of the sub-systems. It is possible to achieve these
objectives by adopting suitable proven technologies. Selection of following
technologies has been recommended to ensure low life cycle cost-.

5.5.8 Car body
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In the past carbon high tensile steel was invariably used for car bodies. In-fact
almost all the coaches built by Indian Railways are of this type. These steel bodied
coaches need frequent painting and corrosion repairs, which may have to be carried
out up to 4-5 times during the service life of these coaches. It is now a standard
practice to adopt stainless steel or aluminum for carbody.

The car bodies with aluminum require long and complex extruded sections which are
still not manufactured in India. Therefore aluminum car body has not been
considered for use. Stainless steel sections are available in India and therefore
stainless steel car bodies have been specified. No corrosion repair is necessary on
stainless steel cars during their service life.

Stainless steel car body leads to energy saving due to its lightweight. It also results in
cost saving due to easy maintenance and reduction of repair cost from excellent anti
corrosive properties as well as on improvement of riding comfort and safety in case
of a crash or fire.

5.5.9 Bogies

Bolster less lightweight fabricated bogies with rubber springs are now universally
adopted in metro cars. These bogies require less maintenance and overhaul interval
is also of the order of 4,20,000km. Use of air spring at secondary stage is
considered with a view to keep the floor levels of the cars constant irrespective of
passenger loading unlike those with coil spring. Perturbation from the track are also
dampened inside the car body on account of the secondary air spring along with
suitable Vertical Hydraulic Damper .The primary suspension system improve the
curve running performance by reducing lateral forces through application of conical
rubber spring. A smooth curving performance with better ride index is being ensured
by provision of above type of bogies.

5.5.10 Braking System

The brake system shall consist of —

(i) An electro-pneumatic (EP) service friction brake

(i) A fail safe, pneumatic friction emergency brake

iii) A spring applied air-release parking brake

(iv) An electric regenerative service brake

(v) Provision of smooth and continuous blending of EP and regenerative braking

The regenerative braking will be the main brake power of the train and will regain the
maximum possible energy and pump it back to the system and thus fully utilize the
advantage of 3 phase technology .The regenerative braking should have air
supplement control to bear the load of trailer car. In addition, speed sensors mounted
on each axle, control the braking force of the axles with anti skid valves, prompting
re-adhesion in case of a skid .The brake actuator shall operate either a tread brake
or a wheel disc brake, preferably a wheel disc brake.

5.5.11 Propulsion System Technology

In the field of Electric Rolling Stock, DC series traction motors have been widely used
due to its ideal characteristics and good controllability for traction applications. But
these required intensive maintenance because of commutators and electro-
mechanical contactors, resistors etc

12/28
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The brush less 3 phase induction motors has now replaced the D.C. Series motors in
traction applications. The induction motor, for the same power output, is smaller and
lighter in weight and ideally suited for rail based Mass Rapid Transit applications.
The motor tractive effort and speed is regulated by ‘Variable Voltage and Variable
frequency’ control and can be programmed to suit the track profile and operating
requirements. Another advantage of 3 phase a.c. drive and VVVF control is that
regenerative braking can be introduced by lowering the frequency and the voltage to
reverse the power flow and to allow braking to very low speed.

For this corridor, three phase a.c. traction drive that are self-ventilated, highly
reliable, robust construction and back up by slip/slid control have been recommended
for adoption.

The DC voltage from the 3rd Rail is stepped up through a ‘STEP up Chopper’ to DC
link voltage, which feeds Inverter operated with Pulse Width Modulation (PWM)
control technology and using insulated Gate Bipolar Transistors (IGBT). Thus three-
phase variable voltage variable frequency output drives the traction motors for
propulsion.

Recently advanced IGBT has been developed for inverter units. The advanced IGBT
incorporates its own over current protection, short circuit protection; over temperature
protection and low power supply detection. The inverter unit uses optical fiber cable
to connect the control unit to the gate interface. This optical fiber cable transmits the
gate signals to drive the advanced IGBT via the gate interface. The optical fiber
cable provides electrical isolation between the advanced IGBT and the control unit
and is impervious to electrical interference. These are recommended for adoption in
trains of this corridor.

Interior and Gangways

Passenger capacity of a car is maximized in a Metro System by providing
longitudinal seats for seating and utilizing the remaining space for standing
passenger. Therefore all the equipments are mounted on the under frame for
maximum space utilization. The gangways are designed to give a wider comfortable
standing space during peak hours along with easy and faster passenger movement
especially in case of emergency.

Interior View

DPR FOR R.V. ROAD — BOMMASANDRA CORRIDOR MAY 2011
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5.5.13 Passenger Doors

For swift evacuation of the passenger in short dwell period, four doors of adequate
width, on each side of the coach have been considered. These doors shall be of such
dimensions and location that all the passenger inside the train are able to evacuate
within least possible time without conflicting movement .As the alignment passes
through elevated section above ground, automatic door closing mechanism is
envisaged from consideration of passenger safety. Passenger doors are controlled
electrically by a switch in Driver cab. Electrically controlled door operating
mechanism has been preferred over pneumatically operated door to avoid cases of
air leakage and sluggish operation of doors.

The door shall be of Bi-parting Sliding Type as in the existing coaches of DMRC.

Passenger Doors

5.5.14 Air-conditioning

With heavy passenger loading of 6 persons/sgm for standee area and doors being
closed from consideration of safety and with windows being sealed type to avoid
transmission of noise, air conditioning of coaches has been considered essential.
Each coach shall be provided with two air conditioning units capable of cooling,
heating and dehumidifying and thus automatically controlling interior temperature
throughout the passenger area at 25°C with 65% RH all the times under varying
ambient conditions up to full load. For emergency situations such as power failure or
both AC failures etc, ventilation provision supplied from battery will be made.
Provision shall be made to shut off the fresh air intake and re-circulate the internal air
of the coach, during an emergency condition, such as fire outside the train causing
excessive heat and smoke to be drawn in to the coach.

5.5.15 Cab Layout and Emergency Detrainment Door.
The modern stylish driver panel shall be FRP moulded which give maximum comfort
and easy accessibility of different monitoring equipments to the driver along with
clear visibility .The driver seat has been provided at the left side of the cabin.

DPR FOR R.V.ROAD — BOMMASANDRA CORRIDOR MAY 2011 14/28
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Driving cab

An emergency door for easy detrainment of the passenger on the track has been
provided at the center of the front side of the each cabin which has an easy operation
with one handle type master controller.

5.5.16 Communication

5.5.17

The driving cab of the cars are provided with continuous communication with base
Operational Control Center and station control for easy monitoring of the individual
train in all sections at all the time .

Public Address and Passenger Information Display System is provided in the car so
that passengers are continuously advised of the next stoppage station, final
destination station, interchange station, emergency situations if any, and other
messages. The rolling stock is provided with Talk Back Units inside the cars, which
permit conversation between passengers and the drivers in case of any emergency.

Noise and Vibration
The trains will pass through heavily populated urban area .The noise and vibration for
a metro railway becomes an important criteria from public acceptance view point.
The source of noise are (i) rail-wheel interaction (ii) noise generated from equipment
like Blower, Compressor, air conditioner, door, Inverter etc. (iii) traction motor in
running train .For elimination and reduction of noise following feature are
incorporated: -

e Provision of anti drumming floor and noise absorption material.

e Low speed compressor, blower and air conditioner.

e Mounting of under frame equipments on anti-vibration pad

e Smooth and gradual control of door.

e Provision of GRP baffle on the via-duct for elimination of noise transmission.

¢ Provision of sound absorbing material in the supply duct and return grill of air

conditioner.
e Sealing design to reduce the aspiration of noise through the gap in the sliding

doors and piping holes.
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The lower vibration level has been achieved by provision of bolster less type bogies
having secondary air spring.

5.5.18 Passenger Safety Features

(i)  ATP/ATO

The rolling stock is provided with Continuous Automatic Train Protection to ensure
absolute safety in the train operation. It is an accepted fact that 60-70% of the
accidents take place on account of human error. Adoption of this system
reduces the possibility of human error. The on-board computerized ATC
system compares and verifies the continuous data like speed etc for safest
control.

(i)  Fire

The rolling stock is provided with fire retarding materials having low fire load, low
heat release rate, low smoke and toxicity inside the cars. The electric cables
used are also normally low smoke zero halogen type which ensures
passenger safety in case of fire.

(iii) Emergency door

The rolling stock is provided with emergency doors at both ends of the cab to
ensure well directed evacuation of passengers in case of any emergency
including fire in the train,

(iv)  Crash worthiness features
The rolling stock is provided with inter car couplers having crashworthiness feature
which reduces the severity of injury to the passengers in case of accidents.

(v) Gangways

Broad gangways are provided in between the cars to ensure free passenger
movement between cars in case of any emergency.

Gangways

DPR FOR R. V. ROAD — BOMMASANDRA CORRIDOR MAY 2011 16/28
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Attachment - VA
PHPDT Demand and Capacity Chart
Bangalore Metro : R V Road - Electronic City- Bommasandra Corridor
Year: 2016
No. of Cars per Train: 6
Passenger Capacity @ 6 persons/sqm of a 6-Car Train: 1626
Passenger Capacity @ 8 persons/sqm of a 6-Car Train: 2068
Headway (min) 8
Train carrying | Train carrying
Traffic Demand capacity @ capacity @
S.N FROM TO in PHPDT Sihicion of v o
standee area standee area
RV Road Terminal Ragigudda Temple 9684 12195 15510
Ragigudda Temple ayadev Hospital Compound 10720 12195 15510
layadev Hospital Compound BTM Layout 13078 12195 15510
Silk Board Junction 12973 12195 15510
HSR Layout 10476 12195 15510
Oxford College 10391 12195 15510
Muneshwara Iggar 10037 12195 15510
9283 12195 15510
8801 12195 15510
8224 12195 15510
7170 12195 15510
5184 12195 15510
4534 12195 15510
2724 12195 15510
1086 12195 15510

. Traffic Demand in PHPDT
~—— Train carmying capacity @ 6p/sqm of standee ama
~d— Train carying capacity @ 8p/sqm of standee area

Fig 1.1
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Attachment - /B
PHPDT Demand and Capacity Chart
Bangalore Metro : R V Road - Electronic City- Bommasandra Corridor

Year: 2021

No. of Cars per Train: 6
Passenger Capacity @ 6 persons/sqm of a 6-Car Train: 1626
Passenger Capacity @ 8 persons/sqm of a 6-Car Train: 2068

Headway (min) = 6

Train carrying Train carrying
Traffic Demand capacity @ capacity @
SN rRom L in PHPDT 6p/sqm of 8p/sqm of
5 standee area standee area
1 RV Road Terminal Ragigudda Temple 14358 16260 20680
2 Ragigudda Temple Jayadev Hospital Compound 15646 16260 20680
3 Jayadev Hospital Compound |BTM Layout 17275 16260 20680
4 Silk Board Junction 17212 16260 20680
5 HSR Layout 14322 16260 20680
6 Oxford College 13970 16260 20680
¥ Muneshwara Nagar 13648 16260 20680
8 Chikka Bgur 12472 16260 20680
9 Chikka Begur Basapur Road 11892 16260 20680
10 |Basapur Road Hosa Road 11142 16260 20680
11 |Hosa Road Electronic City | 9735 16260 20680
12  |Electronic City | Electronic City 7016 16260 20680
13  |Electronic City Huskur Road 6248 16260 20680
14__|Huskur Road Hebbagodi 3753 16260 20680
15 |Hebbagodi Bommasandra 1906 16260 20680

N Traffic Demand in PHPDT
—&— Train camying capacity @ Ep/sqm of standee area
‘ —&—Train carrying Capacity ® 8p/sqm of standee area

PHPDT

LA
é@:’yf & Qb ¢ ‘if

Fig 1.2
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Attachment - /C
PHPDT Demand and Capacity Chart
Bangalore Metro : R V Road - Electronic City- Bommasandra Corridor
Year: 2031
No. of Cars per Train: 6
Passenger Capacity @ 6 persons/sqm of a 6-Car Train: 1626
Passenger Capacity @ 8 persons/sqm of a 6-Car Train: 2068
Headway (min) 5
Train carrying | Train carrying
Traffic Demand | capacity @ capacity @
SN 20N L in PHPDT épisqmof | 8p/sqm of
standee area | standee area
1 RV Road Terminal Ragigudda Temple 17597 19512 24816
2 Ragigudda Temple Jayadev Hospital Compound 19176 19512 24816
3 Jayadev Hospital Compound |BTM Layout 21274 19512 24816
4__|BTM Layout Silk Board Junction 21193 19512 24816
5 Silk Board Junction |HSR Layout 17586 19512 24816
6 |HSR Layout I_Oxford College _ 17174 19512 24816
7 Oxford College Muneshwara Nagar 16923 19512 24816
8 |Muneshwara Nagar |Chikka Begur 15523 19512 24816
9 Chikka Begur Basapur Road 14837 19512 24816
Basapur Road Hosa Road 13930 19512 24816
Electronic City | 12186 19512 24816
Electronic City | Electronlc City 8797 19512 24816
Electronic City Huskur Road 7844 19512 24816
Huskur Road Hebbagodi 4713 19512 24816
15 |Hebbagodi Bommasandra 2379 19512 24816
= W Traffic Demand in PHPOT
~——Train ying @ Bp/sgm of area
—&— Traln camying Capacity @ 8p/sqm of standee area
30000
25000 |
20000
-
§ 15000
10000
5000
0
S
SR
Gebé‘
3 Stations
Fig 1.3
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Attachment - /D

PHPDT Demand and Capacity Chart
Bangalore Metro : R V Road - Electronic City- Bommasandra Corridor

Year: 2041
No. of Cars per Train: 6
Passenger Capacity @ 6 persons/sqm of a 6-Car Train: 1626
Passenger Capacity @ 8 persons/sqm of a 6-Car Train: 2068
Headway (min) 4.5
Train carrying | Train carrying
Traffic Demand | capacity @ capacity @
aN FRou Lo in PHPDT 6p/sgm of 8p/sqm of
standee area standee area

1 |RV Road Terminal Ragigudda Temple 19390 21680 27573
> Ragigudda Temple Jayadev Hospital Compound 21130 21680 27573
3 Jayadev Hospital Compound BTM Layout 23442 21680 27573
4 BTM Layout Silk Board Junction 23352 21680 27573
5 Silk Board Junction HSR Layout 19451 21680 27573
8 HSR Layout Oxford College 18924 21680 27573
7 Oxford College Muneshwara Nagar 18647 21680 27573
8 Muneshwara Nagar Chikka Begur 17105 21680 27573
9 Chikka Begur Basapur Road 16349 21680 27573
10 Basapurﬁoad Hosa Road 15350 21680 27573
11 |Hosa Road Electronic City | 13429 21680 27573
12  |Electronic City | Electronic City 9694 21680 27573
13  |Electronic City Huskur Road 8643 21680 27573
14  |Huskur Road Hebbagodi 5193 21680 27573
15 |Hebbagodi Bommasandra 2622 21680 27573

N Traffic Demand in PHPDT
—&— Train carrying capacity @ 6p/sqm of standee area

~—&— Train carrying Capacity @ Bp/sqm of standee area

h—t—bh—t—h— b —h—h—h—h—h—hk— A

PHPDT

o Stations

Fig 1.4
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Attachment Il

Hourly Train Operation Plan for Bangalore Metro : R V Road - Electronic City-
Bommasandra Corridor

Year: 2016
Configuration: 6 Car

Headway(min): 8

. Headway in No. of Trains per day
Time of Day Minutes 0P DN
5106 24 3 2
6to7 20 3 3
7108 12 5 5
8§to9 8 7 8
9to 10 8 8 7
10 to 11 8 7 8
11 to12 12 5 5
12to 13 20 3 3
13 to 14 24 3 2
14 to 15 24 2 3
15to0 16 20 3 3
16 to 17 12 5 5
17 to 18 8 8 7
18 to 19 8 7 8
19 to 20 8 8 7
20 to 21 12 5 5
21 to 22 20 3 3
22 t0 23 24 2 3
23 to 24 30 2 2
Total No. of train
trips per direction 89 . 89
per day

DRR FOR R.V, RC
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TABLE 1.2
Hourly Train Operation Plan for Bangalore Metro : R V Road - Electronic City-
Bommasandra Corridor
Year: 2021
Configuration: 6 Car
Headway(min): 6

. Headway in No. of Trains per day
Time of Day Minutes UP DN
5t06 12 5 5
6to7 10 6 6
7t08 8 8 7
8§to9 6 10 10
9to 10 6 10 10
10 to 11 6 10 10
11 to12 8 8 7
12t0 13 10 6 6
13to 14 12 5 5
14 to 15 12 5 5
15to 16 10 6 6
16 to 17 8 7 8
17 to 18 6 10 10
18 to 19 6 10 10
19 to 20 6 10 10
20 to 21 8 7 8
21 to 22 10 6 6
22 t0 23 12 5 5
23 t0 24 15 4 4
Total No. of train
trips per direction 138 138
per day
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TABLE 1.3
Hourly Train Operation Plan for Bangalore Metro : R V Road - Electronic City-
Bommasandra Corridor
Year: 2031
Configuration: 6 Car
Headway(min): §

. Headway in No. of Trains per day
Time of Day Minutes up DN
5to6 12 5 5
6to7 10 6 - 6
7108 8 8 7
8to9 5 12 12
9to 10 5 12 12
10 to 11 5 12 12
11 to12 8 8 7
12t0 13 10 6 6
13 to 14 12 5 5
14 to 15 12 5 5
15to 16 10 6 6
16 to 17 8 7 8
17 to 18 5 12 12
18 to 19 5 12 12
19 to 20 5 12 12
20 to 21 8 7 8
21 to 22 10 6 6
22 to 23 12 5 5
23 to 24 15 4 4
Total No. of train
trips per direction 150 150
per day

DPR FOR R.V.ROAD — BOMMASANDRA CORRIDOR




Chapter 5 — Train Operation
Plan

TABLE 1.4
Hourly Train Operation Plan for Bangalore Metro : R V Road - Electronic City-
Bommasandra Corridor
Year: 2041
Configuration: 6 Car
Headway(min): 4.5

. Headway in No. of Trains per day
Time of Day Minutes uP DN
5t06 12 5 5
6to7 10 6 6
7108 6 10 10
8to9 4.5 13 14
9to 10 4.5 14 13
10 to 11 4.5 13 14
11 to12 6 10 10
12 t0 13 10 6 6
13 to 14 12 5 5
14 to 15 12 5 5
15 to 16 10 6 6
16 to 17 6 10 10
17 to 18 4.5 14 13
18 to 19 4.5 13 14
19 to 20 4.5 14 13
20 to 21 6 10 10
2110 22 10 6 6
22 to 23 12 5 5
23 t0 24 15 4 4
Total No. of train
trips per direction 169 169
per day

o
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Attachment IlI
TABLE 2
Bangalore Metro : R V Road - Electronic City- Bommasandra Corridor
PHPDT for the Year 2016
Directional
. Directional Split .
S.No From Station To Station Maximum to g Split to RV
PHPDT Road
Bommasandra .
Terminal
1 RV Road Terminal Ragigudda Temple 9684 50% 50%
Ragigudda Temple Jayadev Hospital
2 Compound 10720 50% 50%
Jayadev Hospital BTM Layout

3 Compound 13078 50% 50%
4 BTM Layout Silk Board Junction 12973 50% 50%
5 Silk Board Junction HSR Layout 10476 50% 50%
6 HSR Layout Oxford College 10391 50% 50%
7 Oxford College Muneshwara Nagar 10037 50% 50%
8 Muneshwara Nagar Chikka Begur 9283 50% 50%
9 Chikka Begur Basapur Road 8801 50% 50%
10 Basapur Road Hosa Road 8224 50% 50%
11 Hosa Road Electronic City | 7170 50% 50%
12 Electronic City | Electronic City 5184 50% 50%
13 Electronic City Huskur Road 4534 50% 50%
14 Huskur Road Hebbagodi 2724 50% 50%
15 Hebbagodi Bommasandra 1086 50% 50%




Vehicle Kilometer

TABLE 3

Chapter 5 — Train Operation

Plan

Attachment |V

Bangalore Metro : RV Road - Electronic City- Bommasandra Corridor

Year 2016 2021 2031 2041
Section Length 17.96 17.96 17.96 17.96
No of cars per Train 6 6 6 6
No of working Days in a year 340 340 340 340
Number of Trains per day each Way 89 138 150 169
Daily Train -KM 3197 4957 5388 6071
Annual Train - KM (10°) 10.87 16.85 18.32 20.64
Annual Vehicle - KM (10°) 65.22 101.13 109.92 123.85
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PR R Y

CHAPTER 6

POWER SUPPLY

6.0 POWER SUPPLY, SYSTEM OF TRACTION AND POWER TARIFF

6.1 Power Supply Arrangements

Electricity is the only source of energy for operation of Metro system. The electric
power supply is required by Metro system for the following purposes:-

» For running trains

« For station services e.g. lighting, ventilation and air-conditioning (only in
underground stations), lifts, escalators, signaling & telecom, fire fighting and
pumping etc.

- For workshops, depots and other maintenance infrastructure within premises of
metro system.

The major component of power supply is traction requirements for elevated section
and auxiliary requirements for underground section.
6.1.1 Power Demand Estimation

The power requirement of a metro system is determined by peak-hour demands of
power for traction and auxiliary applications. Broad estimation of auxiliary and traction
power demand is made based on the following requirements:-

(i) Specific energy consumption of rolling stock — 756KWh/1000 GTKM
(i) Regeneration by rolling stock for 750V DC traction — 20%

(iii) Elevated/at —grade station load — initially 200KW, which will increase to 500 KW in
the year 2041

(iv) Underground station load - initially 2000KW, which will increase to 2500 KW in the
year 2041.

(v) Depot auxiliary load — initially 1000 KW in the year 2016, which will increase to
1750 KW in the year 2041.

Keeping in view of the Train Operation Plan and demand of auxiliary and traction
power, power requirement for RV Road to Bommasandra has been worked out for the
year 2016, 2021, 2031 and 2041 which is summarized in Table 6.1:

DPR FOR R.V. ROAD - BOMMASANDRA CORRIDOR MAY 2011 1/14
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Table 6.1 Power Demand Estimation (MVA)

Corridor Year
2016 2021 2031 2041
RV Road to Traction 6.8 9.1 11 12.3
Bommasandra N
Auxiliary 5.2 6.5 7.8 12.0
Total 12.0 15.6 18.8 24 4

The detailed calculations of Power Requirements are given at Annexure 6.1.
6.1.2 Need for High Reliability of Power Supply

The proposed extension of North-South Corridor of Bangalore metro system to
Bommasandra is being designed to handle about 24000 passengers per direction
during peak hours when trains are expected to run at about 4.5 minutes intervals. The
tolerance level of any power interruption during this period is extremely low, as such
incidences, apart from affecting train running, will cause congestion at stations. Lack of
illumination at stations, non-visibility of appropriate signages, disruption of operation of
lifts and escalators is likely to cause confusion, anxiety and ire in commuters, whose
tolerance level are low on account of stress. Effect on signaling and communication
may affect train operation and passenger safety as well.

Accordingly, Metro system requires a very high level of reliable and good quality of
power supply. To ensure reliability of power supply, it is essential that both the sources
of supply and connected transmission & distribution networks are reliable and have
adequate redundancies built in. Therefore, it is desirable to obtain power supply at
high grid voltage of 220kV or 66kV from stable grid sub-stations and further
transmission & distribution is done by the Metro Authority itself.

6.1.3 Source of power Supply

The high voltage power supply network of Bangalore city was studied in brief. The city
has got 220kVand 66kV network to cater to the various types of demand. 220kV sub-
stations are generally located at outskirts of the city. 66kV sub-stations are located
near to the alignment. Based on the discussions with KPTCL, it is proposed to avail
power supply for traction as well as auxiliary services from the Nagnathapura sub-
station at 66kV voltage levels through single circuit cable feeder.

Electric Power requirement for this extension of Corridor — 1 is likely to be 12 MVA
approximately in year 2016 and which is likely to increase to 25 MVA by the year 2041.
Under normal conditions, this power will be supplied by the RSS at Basapura Road.
The capacity of transformers may be reviewed considering the load
requirement/distribution of the corridor at the time of detailed design and for the
purpose of ease of replacability and for reducing the requirement of spares, similar
capacity of transformers (as being provided at other RSS) may be preferred. While in
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case of failure of power supply from this RSS, power requirement will be provided by
RSS at Khoday. The transformers capacity of 20/25 MVA at Khoday RSS (under
construction) may be reviewed accordingly or space for adding one transformer of 33
kV may be carved out in the RSS layout) for future requirement.

TABLE 6.2
Sources of Power Supply
Corridor Grid sub-station Location of RSS Approx. length
(Input source) of Metro of 66kV cables
Authority
RV Road to NagnathaPura sub- Basapura Road 2 km.
Bommasandra station (single circuit)
(220/66kV)

KPTCL has confirmed availability of requisite power at their above sub-station vide
letter No CEE(P&C)/KCO-95/17561/2009-10 dated:- 06.07.2009 (Annexure — 6.2).
KPTCL has been requested to examine the possibility of another power supply /
source either upgrading Nimhene — Jaidev Hospital or from future substation at
“Khoday”. The summary of expected power demand from receiving sub-stations is
given in Table 6.3:

TABLE 6.3 Power Demand

Peak demand - Peak demand* -
Corridor RSS Normal (MVA) Emergency (MVA)
Year Year Year Year
(2016) (2041) (2016) (2041)
RV Road to| RSS at Basapur
Bommasandra | Road 6.5 12.7 12.0 24.4
RSS at Khoday
or Jaidav Park 5.5 11.7 12.0 24.4

*Considering Khoday or Jaidev RSS at the failure of Basapur RSS. The power from
Jaidev hospital/Khoday Road not yet confirmed by KPTCL .However for extension of
N-S corridor to south up-to Anjanapura Township has been confirmed from khode grid
sub-station. In case KPTCL has issues in provide power for Jaidev hospital, it can be
availed from khoday by adding one more bay, alternately possibility of standby supply
can be explored from RV Road.

The 66kV power supply will be stepped down to 33kV level at the above RSSs of
metro authority. The 33kV power supply drawn from the RSS will be distributed along
the alignment through 33kV Ring main cable network for feeding to traction as well as
auxiliary loads. These cables will be laid in dedicated ducts along the viaduct.
Interconnection of 33kV power supply between the corridors has been planned at
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interchange station as shown in the schematic drawings, which can be used for
transfer of power from one corridor to other in emergency situation. However, in case
of total grid failure, trains will come to stop but station lighting, ventilation & other
essential services can be catered to by stand-by DG sets. Therefore, the proposed

scheme is expected to ensure adequate reliability and cater to emergency situations
as well.

The 66kV cables will be single core XLPE insulated with 630sq.mm Al conductor. The
cables shall be laid through public pathways to RSSs of Metro Authority. One RSS of
each corridor shall be provided with 2nos. (1 as standby) 66/33kV 3 phase main
receiving transformers for feeding to traction as well as auxiliary loads. The other RSS
of each corridor will be provided with only single 66/33kV transformer with a provision
of adding 66kV bay and transformer in future when traffic builds up.

Conventional outdoor type 66kV switchgear is proposed for RSS to be located in
approx. 60m x 80m (4800 sqm) land plot. Gas Insulated Switchgear (GIS), though
requires less space (approximately half) & less maintenance, is not proposed because
of high capital cost. The typical RSS layout as being used in phase-1may be followed.

NOTE BY BMRCL:
A) KPTCL has reviewed the original proposal and has informed that

they would provide one circuit from Yerandahalli 220KV station and
one circuit from Naganathapura 220 KV station to Basapura RSS

B) KPTCL has also suggested a second 66 KV source from Khoday’s
station to RV Road Terminal RSS. However the final design would

be finalized after system study and detailed design.

SELECTION OF TRACTION SYSTEM

The traction system for Bangalore Metro is already selected as 750V dc third rail
bottom current collection system. This corridor is an extension of existing corridor.
Therefore for this extension of North South corridor from R.V. Road to Bommasandra,
the same traction system i.e. 750V dc third rail bottom current collection system is
proposed.

Design Criteria for Power Supply and Traction System:

Train Operation Plan envisages running of trains is 6 cars with 8 to 4.5 minutes
headway for year 2016 to year 2041. However, initially equipment will be installed to
cater the expected power requirements during initial years of operations. As and when
the traffic builds up in year 2016 & 2041, the power supply system will need slight
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augmentation by way of adding main power transformers & traction transformer-
rectifier sets.

6.2.2 Traction Sub-stations (33kV/750V dc)

Traction sub-stations (33kV/750V dc) are required to be set up for feeding 750V dc
power supply to the third rail. In order to cater to traction load as per design criteria, it
is envisaged to provide traction sub-stations (TSS) at alternate stations. The
requirement comes to 8 TSS for proposed line as shown in the power supply
schematic drawings. The TSS along with Auxiliary Sub-Stations (ASS) will be located
at station building itself at mezzanine or platform level inside a room. Self-cooled, cast
resin dry type rectifier-transformer is proposed, which is suitable for indoor application.
Initially, 1x 2.8 MW transformer-rectifier set shall be provided in each TSS with space
provisions for an additional set to be accommodated in future. From the traction sub-
stations, 750V dc cables will be laid upto third rail and return current cables will be
connected to running rails.

6.2.3 Rating of Major Equipment

Based on emergency demand expected at each RSS as shown in Table 6.3, 2 nos.
66/33kV main receiving transformers of 20/25 MVA capacity shall be provided, at
Basapur Road RSS, one to be in service and second one to serve as standby. The
RSS to be located at Mysore Road and R.V. Road terminal will be provided with only
one 66/33KV power transformer of 20/25 MVA. The 66kV cable shall be 3-phase
single core XLPE insulated with 630mm2 Al conductor to meet the normal &
emergency loading requirements and fault level of the 66kV supply.

Traction transformer-rectifier set (33kV/750V dc) shall be of 2.8 MW rated capacity
with overload requirement of 150% for 2 hours with four intermittent equally spaced
overloads of 300% for 1 minute, and with one 450% full load peak of 15 seconds
duration at the end of 2 hour period. The traction transformer - rectifier set shall
produce 750V dc nominal output voltage with 12-pulse rectification so as to minimize
the ripple content in the output dc voltage. The IEC 850 international standard
envisages the minimum and maximum voltages of 500V and 900V respectively for
750V dc traction system and therefore, the dc equipment shall be capable of giving
desired performance in this voltage range.

33kV cable network shall be adequately rated to transfer requisite power during normal
as well as emergency situations and to meet the fault current requirement of the
system. Accordingly, proposed 33kV cables sizes are as under:-

_ 3 core x 400 mm2 copper from RSS to 33kV cable network
_ 3 core x 300 mm2 copper for 33kV ring main cable network.

5/14




6.3

6.4

6.5

Chapter 6 — Power Supply

Entire 33kV cables shall be 3 phase, XLPE insulated with copper conductors. Cables
to be located inside the tunnel shall be with Fire Retardant Low Smoke Zero Halogen
(FRLSOH) properties, while those on outdoor may be with ordinary PVC sheath.

Adequate no. of cables are required for transfer of power from TSS to third rail. Single
phase XLPE insulated cables with 400mm2 copper conductor are proposed for 750V
dc as well as return current circuit. Based on current requirements, 3 cables are
required for each of the four circuits to feed power to third rail.

The above capacities of transformers, cables etc. have been worked out based on the
conceptual design and therefore, these capacities may be required to be fine tuned
during design stage of project implementation.

AUXILIARY SUPPLY ARRANGEMENTS FOR STATIONS & DEPOT

Aucxiliary sub-stations (ASS) are envisaged to be provided at each station. A separate
ASS is required at each depot. The ASS will be located at mezzanine or platform level
inside a room. Wherever TSS is required, ASS & TSS will be housed together inside a
room. The auxiliary load requirements have been assessed to be about 500 kW for
elevated/at-grade, accordingly two dry type cast resin transformers (33/0.415kV) of
500 kVA for elevated / at grade stations (with one transformer as standby) are
proposed to be installed. The Depot ASSs will also be provided with 2 x 2000 kVA
auxiliary transformers.

STANDBY DIESEL GENERATOR (DG) SETS

in the unlikely event of simultaneous tripping of all the four RSSs or grid failure, the
power supply to stations as well as to trains will be interrupted. It is, therefore,
proposed to provide standby DG set of 100 KVA capacity at elevated/at-grade stations
to cater the following essential services:

(i) Lift operation

(i) Essential lighting

(iii) Ventilation requirements of stations
(iv) Signaling & telecommunications
(v) Fire fighting system.

Silent type of DG sets are proposed which have low noise levels and do not
require separate room for installation.

SUPERVISORY CONTROL AND DATA ACQUISITION (SCADA) SYSTEM

The entire system of power supply (receiving, traction & auxiliary supply) shall be
monitored and controlied from a centralized Operation Control Centre (OCC) through
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SCADA system. Modern SCADA system with intelligent remote terminal units (RTUs)
shall be provided. Optical fibre provided for telecommunications will be used as
communication carrier for SCADA system.

Digital Protection Control System (DPCS) is proposed for providing data acquisition,
data processing, overall protection control, interlocking, intertripping and monitoring of
the entire power supply system consisting of 66/33kV ac switchgear, transformers,
750V dc switchgear and associated electrical equipment. DPCS will utilize
microprocessor-based fast-acting numerical relays & Programmable Logic Controllers
(PLCs) with suitable interface with SCADA system.

EMERGENCY TRIP SYSTEM (ETS)

In underground portion of each corridor, Emergency Trip System (ETS) shall be
provided at platform ends and cross-passages in accordance with the requirements of
NFPA-130. ETS can be operated by passengers and metro staff in case of emergency
situations to stop the train(s). Operation of ETS push button will result in tripping of
relevant section of third rail in order to stop the trains in that section. ETS cable shall
be fire rated for one hour at 5000 C.

STRAY CURRENT CORROSION PROTECTION MEASURES
Concept of dc Stray Current Corrosion

In dc traction systems, bulk of return current finds its path back to the traction sub-
station via the return circuit i.e. running rails. The running rails are normally insulated
to minimize leakage of currents to the track bed. However, due to leaky conditions,
some current leakage takes place, which is known as ‘stray current’. The current
follows the path of least resistance. Return current deviates from its intended path if
the resistance of the unintended path is lower than that of intended path. The stray
current may flow through the unintended path of metallic reinforcements of the
structure back to the substation.

It is also possible that part of the stray current may also flow into soil, where it may be
picked up by metallic utilities and discharged back to soil and then to near the sub-
station.

The dc stray currents cause metal detraction in watery electrolytes as per the following
chemical reactions:-

« Stray current enters in the metal
2H20 + 2e- ® H2 + 20H- (development of Hydrogen gas)

- Stray current exits from metal
Fe ® Fe2+ + 2e- (Fe2+ ions migrate away from the metal)
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That is how, dc stray currents cause corrosion of metallic structure where it leaves the
metal. Pitting and general form of corrosion are most often encountered on dc
electrified railways.

Effect of Corrosion

Detraction rate of metals can be calculated by Faraday's First Law:

m = c.i.t

Where m = mass (kg)

¢ = Coefficient of detraction (kg/Amp.year)
i = Current (Amp)

t = time (year)

¢ = 2.90 for Aluminium

= 33.80 for Lead

=9.13 for Iron

= 10.4 for Copper

That means dc stray current of 1 — ampere flowing continuously can eat away approx.
9 kg of steel in a year. If 5000 amperes of current flows for one year to power the
trains on a transit system, and that 2 percent of this current (100 amperes) leaks as
stray current, the amount of steel metal loss is 0.9 ton per year. Therefore, the safety
implications are considerable for structural reinforcements. In addition, corrosion may
also affect neighboring infrastructure components such as buried pipelines and cables.

Measures for Protection against Stray Current Corrosion

Earthing & bonding and protection against stray current corrosion are interrelated and
conflicting issues. Therefore, suitable measures are required to suppress the stray
currents as well as the presence of high touch potentials. Safety of personnel is given
preference even at a cost of slightly increased stray currents.

Following measures are required to restrict the stay current:-

(i) Decreasing the resistance of rail-return circuit
(i) Increasing the resistance of rail to ground insulation.

Whenever buried pipes and cables are in the vicinity of dc systems, efforts shall be
made to ensure that metal parts are kept away as far as practicable to restrict stray
current. A minimum distance of 1 meter has been found to be adequate for this
purpose.

Generally, 3 types of earthing arrangements (viz. Earthed System, Floating System &
Hybrid Earthing System) are prevalent on metros Worldover for protection against
stray current corrosion. Traditionally, Earthed system was used by old metros. Hybrid
earthing system is being tried on experimental basis on few new metros. Floating
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system has been extensively used by recent metros. As per the trends World over,
floating system (i.e. traction system with floating negative) is proposed which reduces
the dc stray current to considerable level. The arrangement shall comply with following
latest CENELEC standards:-

e EN 50122-1:- Railway Applications (fixed installations) protective
provisions relating to electrical safety & earthing

e EN 50122-2:- Railway Applications (fixed installations) protective
provisions against the effects of stray currents caused by dc traction
system.

The conceptual scheme of proposed floating system is described below:-

i) The running rails shall be adequately insulated as per EN50122-2.The
recommended conductance per unit length for single track sections are as under:-
Elevated section :- 0.5 Siemens/Km
Tunnel section :- 0.1 Siemens/Km.

ii) Stray Current Collector Cables {commonly known as structural earth (SE) cable}
(2x200 mm2 copper) shall be provided along the viaduct/tunnel and all the metallic
parts of equipment, cable sheath, tunnel/viaduct reinforcement, signal post etc.
shall be connected to SE cable.

iii) The continuity of the reinforcement bars of the viaduct/tunnels as well as track slabs
has to be ensured along with a tapping point for connection with SE cable in order
to drain back the stray current.

iv) A provision shall be made to earth the running rail (i.e. negative bus) in case of rail
potential being higher than limits prescribed (120V) in relevant standard (EN
50122-1) in order to ensure safety of personnel. This will be achieved by providing
track earthing panel (TEP) at stations close to platform and at traction sub-stations.

v) In addition, provisions shall be made for connection of SE cable to negative return
path through diode only for the purpose of periodical monitoring of stray currents.
Under normal operations, switch provided for this connection will be in normally
open (NO) position and switch will be closed for monltormg of stray current once or
twice in a year as required.

6.7.4 Special Arrangements in Depot

A separate traction sub-station (TSS) shall be provided for depot so as to facilitate
isolation of depot traction supply from mainlines in order to prevent the leakage of
return currents to depot area. Tracks of Depot area shall also be isolated from mainline
through insulated rail joints (IRJ). Remote operated sectionalizing switches shall be
provided to feed power from depot to mainline and vice-versa in case of failure of TSS.

The prescribed limit of highest touch potential in depot is 60V as per EN50122-1 and
therefore Track Earthing Panels (TEP) shall be provided at suitable locations to earth
the rail in case the rail potential exceeds this limit. In areas, where leaky conditions

* DPR FOR R.V.ROAD - BOMMASANDRA CORRIDO 9/14
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exist (e.g. washing lines, pit wheel lathe etc.), insulated rail joints (IRJ) shall be
provided with power diodes to bridge the IRJ to facilitate passage of return current. A
detailed scheme shall be developed during the design stage.

ELECTROMAGNETIC INTERFERENCE (EMI) AND ELECTROMAGNETIC
COMPATIBILITY (EMC)

AC traction currents produce alternating magnetic fields that cause voltages to be
induced in any conductor running along the track. However, dc traction currents do not
cause electromagnetic induction effect resulting induced voltages and magnetic fields.

The rectifier-transformer used in dc traction system produces harmonic voltages,
which may cause interference to telecommunications and train control/protection
systems. The rectifier-transformer shall be designed with the recommended limits of
harmonic voltages, particularly the third and fifth harmonics. The proposed 12-pulse
rectifier-transformer reduces the harmonics level considerably. Detailed specification
of equipment e.g. power cables, rectifiers, transformer, E&M equipment etc shall be
framed to reduce conducted or radiated emissions as per appropriate international
standards. The Metro system as a whole (trains, signaling & telecomm, traction power
supply, E&M system etc) shall comply with the EMC requirements of international
standards viz. EN50121, EN50123, IEC61000 series etc. A detailed EMC plan will
require to be developed during project implementation stage.

ENERGY SAVING MEASURES

Energy charges of any metro system constitute a substantial portion of operation &
maintenance (O & M) costs. Therefore, it becomes imperative to incorporate energy
saving measures in the system design itself. The auxiliary power consumption of
metros is generally more than the traction energy consumed by train movement. The
proposed system of Bangalore Metro includes the following energy saving features:

()  Modern rolling stock with 3-phase VVVF drive and light-weight stainless steel
coaches has been proposed, which has the benefits of low specific energy
consumption and almost unity power factor.

(i) Rolling stock has regeneration features and it is expected that 20% of total
traction energy will be regenerated and fed back to 750V dc third rail to be
consumed by nearby trains.

(ili) Effective utilization of natural light is proposed. In addition, the lighting system of
the stations will be provided with different circuits (33%, 66% & 100%) and the
relevant circuits can be switched on based on the requirements (day or night,
operation or maintenance hours etc).

(iv) Machine-roomless type lifts with gearless drive have been proposed with 3-phase
VVVF drive. These lifts are highly energy efficient.

10/14
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(v) The proposed heavy-duty public service escalators will be provided with 3-phase
VVVF drive which gives energy efficiency & improved power factor. Further, the
escalators will be provided with infra-red sensors to automatically reduce the
speed (to idling speed) when not being used by passengers.

(vi) The latest state of art and energy efficient electrical equipment (e.g. transformers,
motors, light fittings etc) have been incorporated in the system design.

(vii) Efficient energy management is possible with proposed modern SCADA system
by way of maximum demand (MD) and power factor control.

ELECTRIC POWER TARIFF

The electricity is the only source of energy for operation of the Metro system. The cost
of electricity is a significant part of Operation & Maintenance (O&M) charges of a metro
system and it is expected to constitute about 25-35% of total annual working cost.
Therefore, it is the key element for the financial viability of the Project. The annual
energy consumption is assessed to be about 37 million units in initial years (2016),
which will 75 million units by horizon year 2041. In addition to keep the energy
consumption to optimum, it is also necessary that the electric power tariff be kept at
minimum in order to contain the O& M costs. Therefore, the power tariff for Bangalore
Metro should be at effective rate of purchase price (at 66kV voltage level) plus nominal
administrative charges i.e. no profit no loss basis. It is proposed that Government of
Karnataka take necessary steps to fix power tariff for Bangalore Metro at “No Profit No
Loss” basis. Financial analysis has been carried out based on this tariff for the purpose
of finalizing the DPR. Similar approach is being pursued for Delhi Metro.
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Extension of N-S Corridor

Annexure-6.1

POWER REQUIREMENTS

RV Road -Electronic City- Bommasandra Extension

Traction power requirements Year 2016 Year 2021 Year 2031 Year 2041

No of cars 6|(2DMC+2TC+ 6/(2DMC+2T 6|(2DMC+2T 6((2DMC+2TC
2MC) C+2MC) C+2MC) +2MC)

Tare weight of train 204|T 204|T 204|T 204|T

Passenger weight 124|T 124|T 124{T 1241|T

Total Train weight 328(T 328|T 328{T 328{T

Section length 18.36|KM 18.36|KM 18.36{KM 18.36{KM

Headway 8|mts 6|mts 5|mts 4.5|mts

Specific Energy conumption 75{KWhr/1000 75|KWhr/1000 75|KWhr/1000 75|KWhr/1000
GTKM GTKM GTKM GTKM

No. of trains/hr in both directions 15 20 24 27

Peak traction power requirement 6.8{MW 9.0|MW 10.8[MW 12.0{MW

Less Regeneration @20% 1.4{MW 1.8|MW 2.2|MW 2.4|MW

Depot Power requirement 0.8{MW 1.0|MW 1.3|MW 1.5|MW

Net traction power requirement 6.2|MW 8.2[MW 9.9|MW 11.1 (MW

Total traction power requirement (MVA) 6.8(MVA 9.1|MVA 11.0[MVA 12.3|MVA

assuming 5% energy losses and .95 pf for

traction loads.

Station aux power requirement

Elevated/at-grade station 0.20|MwW 0.25|MW 0.30|MW 0.50|MW

Underground stations 2.00|MW 2.25|MW 2.25|MW 2.50{MW

No. of elevated/at-grade stations 16 16 16 16

No. of Underground stations 0 0 0 0

Total Station Aux Power requirement 3.2|MW 4.0|MW 4.8|MW 8.0(MW

Depot Aux power requirement 1.0|MW 1.25(MW 1.5|MW 1.75|MW

Total Aux Power requirement 4.2|MW 5.3[MwW 6.3|MW 9.8|MW

Total auxiliary power requirement (MVA) 5.2[MVA 6.5|MVA 7.8|MVA 12.0|MVA

assuming 5% energy losses and .85 pf for

auxiliary loads.

Total traction & aux power requirement 10.37|MW 13.48|MW 16.22(MW 20.89|MW

(MW)

Total power requirement (MVA) assuming 12.0|MVA 15.6|MVA 18.8|MVA 24.4|MVA

5% energy losses and .95 & .85 pf for

traction & aux loads respectively

Note:-
The requirement of PD load is not considering in estimation of power calculation.
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Extension of N-S Corridor from R.V. Road - Electronic City-Bommasandra

Year Year 2016 Year 2021 Year 2031 Year 2041

No of cars 6[(2DMC+2TC 6[/(2DMC+2TC 6/(2DMC+2TC 6[(2DMC+2TC
+2MC) +2MC) +2MC) +2MC)

LENGTH (KM) 18.36|KM 18.36/KM 18.36|KM 18.36|KM

No. of trains per direction in a day* 89 138 150 169

WEIGHT OF TRAIN & PASSENGER 328|T 328(T 328{T 328|T
KWH/1000 KWH/1000 KWH/1000 KWH/1000

SFC (NET ) with 20% regen 60{GTKM 60{GTKM 60(GTKM 60|GTKM

Yearly Traction Energy consumption with 365
days working with 20% regen

23.48|million units

36.41[million units

39.58|million units

44.59 million units

Station aux power requirement

Elevated/at-grade station 0.20{MW 0.25|MW 0.30jMW 0.50|MW
U/G station 2.00{MW 2.25|MW 2.25|MW 2.50{MW
no. of elevated/at-grade stations 16 16, 16 16

no. of U/G stations 0 0 0] 0
Depot Aux power requirement 1.0{MW 1.25|MW 1.5|MW 1.75{MW
Total Aux Power requirement 4.2IMW 5.3|MW 6.3(MW 9.8|MW
Total Aux power requirement (MVA)

assuming 5% energy losses and .85 pf for 5.2|MVA 6.5|MVA 7.8|MVA 12.0|MVA
aux loads

Diversity factor of aux loads 0.4 0.4 0.4] 0.4

Yearly Aux Energy consumption 20 hrs/day
and 365 days working (million units)

12.88|million units

16.10|million units

19.32|million units

29.89| million units

Net Annual Energy Consumption (Traction
& Aux)

million

36.4| .
units

52.5/million units

58.9|million units

million

74.5|
units
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CHAPTER 7
MAINTENANCE DEPOTS
71 Extension Line Gauge (mm) Route Length (KMs)
R.V.Road — Bommasandra 1435 18.82

e For establishment of train maintenance facilities for the trains of the above section
of north-south corridor, following assumption are made:

(i) All major overhauls and repairs of equipments of the trains of Extension line shall
be carried out at existing Depot-cum-workshop at Peenya village and
augmentation to existing infrastructure corresponding to major inspection
(IOH/POH) & repair workload of Extension-line trains shall be made at the
existing Depot-cum-workshop at Peenya village.

(i) Minor inspections, repairs and component replacements arising on trains in this
Extension line are done at Hebbagodi in a satellite depot to be set up there.

(iii) Trains plying on the Extension line can be transferred to Peenya depot because
suitable link will be provided at R.V. terminal i.e. passenger interchange
station.

(iv) The operation of trains on the Extension line is confined between R.V.Road and
Bommasandra stations.

(v) Sufficient land is available at Hebbagodi for establishment of a Satellite depot.

(vi) All lines (SBLs, IBLs and WSLs) are planned for 6-Car trains.

7.2 In broad terms this chapter covers conceptual design of a satellite depot a Hebbagodi and
Augmentation in existing infrastructure at Peenya village on following aspects and will
work as a guide for detailed design later:

e Layout of Stabling-shed, Inspection-shed, heavy repair, minor repairs,
maintenance workshop and cleaning of Rolling Stock.

DPR FOR R.V.ROAD — BOMMASANDRA CORRIDOR MAY 2011
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o Operational and functional safety requirements.
e Ancillary buildings for other maintenance facilities.
¢ Electrical & Mechanical Services, power supply and distribution system.
o \Water Supplies, Drainage & Sewerage.
7.3  MAINTENANCE NEEDS TO ROLLING STOCK

» Monitoring of the performance of equipment by condition monitoring of key
parameters. The concept is to evolve the need based maintenance regime,
which can be suitably configured in the form of schedules like daily check, “A”
checks, “B” type checks, “IOH” and “POH".

» Labor intensive procedures are kept to the minimum. Automation with state of
the art machinery to ensure quality with reliability.

Y

Multi skilling of the Maintenance staff to ensure quality and productivity in their
performance.

» Energy conservation is given due attention.

7.4 ROLLING STOCK MAINTENANCE NEEDS
7.4.1 Maintenance Schedule

The following maintenance schedule has been envisaged for conceptual design of
depots assuming 500 kms for both lines running per train per day, taking in
consideration the passenger load of 2014/15, 2021, 2031 and 2041 respectively.

Type of | Interval Work Content Locations
Schedule
Daily Daily Check on the train condition and function | Stabling lines

at every daily service completion. Interval
cleaning/mopping of floor and walls with
vacuum cleaner.

‘A" Service | 5,000 Km | Detailed inspection and testing of sub - | Inspection

Check (10 days) systems, under frame, | bays
replacement/topping up of oils &
lubricants.

‘B” Service | 15,000 Km | Detailed Inspection of ‘A’ type tasks plus | Inspection

Check (30 days) items at multiples of 15,000 Km (‘B’ type | bays
tasks)

Intermediate | 420,000 Check and testing of all sub-assemblies | Workshop

Overhaul Km,(3 (Electrical + Mechanical). Overhaul of

(IOH) Years) pneumatic valves, Compressor.
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Condition based maintenance of sub-
systems to bring them to original
condition. Replacement of parts and
rectification, trial run.

Periodical
Overhaul
(POH)

840,000
Km,(6
Years)

Dismantling of all sub-assemblies, bogies
suspension system, traction motor, gear,
control equipment, air-conditioning units
etc. Overhauling to bring them to original
condition. Checking repair and
replacement as necessary. Inspection
and trial.

Workshop

Heavy
Repairs

Changing of heavy item such as bogies,
traction motor, axles, gear cases & axle
boxes etc.

Workshop

7.4.2

Washing Needs of Rolling Stock

Cleanliness of the trains is essential. Following schedules are recommended for
environment of Bangalore:

(wet washing on automatic
washing plant and Front

S.N. | Kind Inspection Maint. Time Maintenance Place
v Cycle
1. | Outside cleaning (wet| 3 Days 10 mins. | Single Pass  through
washing on  automatic Automatic washing plant
washing plant) of Depot
2. | Outside heavy Cleaning| 30days | 2-3hrs. | (Automatic washing plant

& cleaning & washing
shed)

Face, Vestibule/Buffer area.
Floor, walls inside/outside
of cars and roof. Manually)

7.5 (i) Year-wise planning of maintenance facility setup at depot-cum- workshop at Peenya
village is tabulated below as per TOP:

Year Head way in minutes No. of trains No. of Coaches
2014/2015 8.0 11 (3-Car) 66
2021 6.0 15 (3-Car) 90
2031 5.0 17 (6-Car) 102
2041 4.5 19 (6-Car) 114
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(i) Average earning/day/rake (19 hrs working)

6-Cars trains
Year Earning/ Total Remarks
day/train trai
rains
(Kms)
2014/15 530 11 i) ‘A’ inspection
frequency
2021 519 15 after every 10
days
2031 532 17 i) ‘B’ inspection
frequency
after every 30
2041 544 19 days

(iii) Requirement of Stabling and inspection lines and IBLs:

Year Requirement

2014/2015 11 lines X 6-Cars
2021 15 lines X 6-Cars
2031 17 lines X 6-Cars
2041 19 lines X 6-Cars

(iv) Distribution of Stabling and Inspection Lines at R.V Road & Bommasandra.

S;a. SI.i';\gaI:jn::dat Depot at Hebbagodi
Year Bommasandra Total
terminals IBL SBL
22%1145/ 2 lines X 6-Cars each 3 Iiréeasr;( 6- 5 lines X 6-Cars 12 lines X 6-Cars
2021 -do- -do- 9 lines X 6-Cars 16 lines X 6-Cars
2031 -do- -do- 11 lines X 6-Cars 18 lines X 6-Cars
2041 -do - -do- 13* lines X 6-Cars | 20 lines X 6-Cars

‘* ' gpace will have to be earmarked for maximum of 13 SBLs in the depot.

7.6 Requirement of inspection lines at Hebbagodi Depot:

Schedule

Maintenance
Requirement (No. of

Cars)

Lines Needed

~ DPR FOR R.V.ROAD - BOMMASANDRA CORRIDOR

MAY 2011




i)

Chapter 7 — Maintenance Depot

i) Year 2014/2015 - Maximum no. of rake holding is (11X 6) Cars = 66 Cars

‘A" Checks (5000
km) 10 days

(11 X 6) Cars = 66 Cars

1 Line x 6* cars (with Sunken Floor)

‘B" Checks (15000
km) 30 days

(11 X 6) Cars = 66 Cars

1 Line x 6* cars (with Sunken Floor)

Unscheduled line

For minor  repairs,
testing and after
IOH/POH

1 Line x 6* cars (with sunken Floor)

Total requirement for expansion

1 bays of 3 lines

ii) Year 2021 - Maximum no. of rake hold

ing is (15 X 6) Cars = 90 Cars

‘A" Checks (5000
km) 10 days

(15 X 6) Cars = 90 Cars

1 L