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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 | of Delhi Metro
Rail Project covering three lines aggregating to about 65 kms was completed and in
operation. Large portion of Phase Il of Delhi Metro Rail Project of about 128 kms is also

commissioned except Airport Express Line.

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 in May'2003. Subsequently the DPR for extension of N-S line on
both the ends was submitted in the year 2007. The implementation of the phase-l
comprising of about 42 kms is in progress by Bangalore Metro Rail Corporation Limited
(BMRCL). The BMRCL requested DMRC to take up the DPR work for the Phase — Il of
Bangalore Metro Rail vide Agreement dt.15-12-2008.

DMRC took up the field studies and submitted DPR for extension of R V Road Terminal
Station of N-S line of Phase-l on southern side to Electronic City in the month of May
2010 as a part of Phase-Il but for implementation as extension of Phase — | work itself.
As desired the DPR for extensions of Phase-I N-S line and E-W line on both sides i.e.

four extensions is now prepared and submitted as part of Phase Il.

DMRC carried out the topographical survey work by engaging 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 from 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
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particularly the assistance rendered by BMRCL, who had made available some of the

previous studies and relevant information needed for preparing 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.

This report is really a compendium of study results carried out by DMRC with our unique
background, experience and with considerable effort. 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)

New Delhi Managing Director
July 2011 Delhi Metro Rail Corporation
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 2 of 2
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1. Gauge

2 Route Length

SALIENT FEATURES

Standard Gauge (1435 mm)

Extension of Phase-1 Corridors __(all elevated) Length No. of
(Km) Stations
(i) | Mysore Road Terminal - Kengeri 6.465 5
(i) | Baiyappanahalli —ITPL - Whitefield 15.50 14
(iii) | Hesaraghatta Cross to BIEC 3.77 3
(iv) | Puttenahalli Cross to Anjanapura Township 6.29 5
Total 32.025 27

3. Traffic Forecast (Incremental Ridership)

Extensions of East - Extensions of North- Total for four
West corridor South corridor extensions
(Mysore Road to Future (Hesarghatta cross to
Station + Baiyappanahalli BIEC + Puttenhalli to
to Whitefield) Anjanapura Township)
2016
Incremental Daily
Ridership in lakhs 2.03 2.05 4.08-
Average Lead in KM , 187 15.2 16.9
75 2021 3 :
Incremental Daily
Ridership in lakhs 3.67 2.78 6.45
Average Lead in KM 16.7 13.3 15.2
2031
Incremental Daily
Ridership in lakhs 4.96 3.48 8.44
Average Lead in KM 16.3 14.2 15:5
2041
Incremental Daily
Ridership in lakhs 5.35 452 9.87
Average Lead in KM 16.8 13.6 15.4
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Salient Features

4, Train operation Plan
North - South Corridor Year Headway (min) Rake Consist
BIEC Terminal to Hesaraghatta 7 3-car
Hesaraghatta to RV Road 2016 3.5 Alternate 3-cars/ 6-car
RV Road to Anjanapura Township 7 3-car
BIEC Terminal to Hesaraghatta 7 6-car
Hesaraghatta to RV Road 2021 3.5 6-car
RV Road to Anjanapura Township 7 6-car
East - West Corridor Year |Headway (min) Rake Consist
2016 5.5 6-car
Kengeri Terminal to Whitefield
Section 2021 4 6-car
2031 3 6-car
2041 3 6-car

Coaches required for four extensions

Year 016 2021 2031 2041
Coach 21+108=129 | 42+144=186 | 48+186=234 | 54+186=240
Requirement

5. a) Design speed 80 kmph
b) Average Speed 34 kmph
6. Traction Power Supply for all the extensions
a) Traction system voltage 750V DC
b) Current Collection Third Rail bottom collection
c) Power supply source 220 KV GSSs at EPIP Park,
Vrishabhavathi, Khoday's Factory
d) - No. of Receiving Sub Stations 3
e) No. of Traction Sub Stations 14
f) SCADA system provided

7. Rolling Stock

a) 2.88 m wide modern rolling stock with stainless steel body Standard
Gauge.
b) Axle load - 15t
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 2 of 4
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Salient Features

C) Seating arrangement - Longitudinal
d) Capacity of 3 Coach unit - 786 Passengers
e) Class of accommodation - One
8. Maintenance Facilities: Kengeri Depot on E-W line

Augmentation of Peenya ™
Depot on N-S line

9. Signalling, Telecommunication & Train Control
a) Type of Signalling Cab Signalling and
continuous automatic train
control with Automatic Train
Protection (ATP)
b) Telecommunication Integrated System with Fibre

Optic cable, SCADA, Train
Radio, PA system etc.

Train information system,
Control telephones and
Centralized Clock System.
10. Fare Collection Automatic Fare collection
system with POM and Smart
card etc.
1. Construction Methodology

Elevated viaduct consisting of prestressed concrete Box /“U” shaped Girders on
Single pier/Portal with pile/Open foundations

12. a) Total estimated cost (at July, 2010 prices w/o taxes) Rs. 5505 Crores
b) Total estimated cost (at July, 2010 prices with taxes) Rs. 6321 Crores

c) Completion Cost with Central taxes (by 31.03.2016)  Rs. 7657Crores

Note by BMRCL:

a) Total cost as per BMRCL( without taxes) Rs. 6945 crores
b) Total cost as per BMRCL (with taxes) Rs.1049 crores

¢) Completion cost as per BMRCL with central taxes Rs.9647 crores

13. Financial Indices

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 3 of 4
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0.1

0.1.1

EXECUTIVE SUMMARY

BACKGROUND

The DPR for the Phase-l 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-| 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 7 km is underground section and balance
about 35 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 Baiyappanahalli where as
for North — South Corridor a Maintenance Depot with full workshop facilities is being
constructed at Peenya.

The Phase-1 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.

Provision for extension had been kept at both ends of East — West and North —South
Corridor.

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.

SI. Corridor approved by HPC for inclusio in Phase-ll 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 Exhibition Centre (BIEC) 4.00

4. Extension of North-South Line: Puttenahalli Cross to Anjanapur 6.00
Township(up to Nice Road)

5 New North South Line: Indian Institute if Management, Bangalore 19.80
(IIMB) to Nagawara

Total 51.40

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 1 of 35



@ Executive Summary

HPC in their supplementary meeting 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 Chapter 1.

The LT 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. Hence, in fitness of things this Metro line from RV Road Terminal to Electronic
City has been studied and proposed as an extension of N-S Metro line of Phase — |
towards South — East with provision for extension up to Bommasandra Industrial area
in future. DPR for the same was submitted in May 2010.

This Report is prepared for the following extensions of the East-West Line and North -
South Line of Phase-I in both directions. (four extensions) shown in  Fig 0.1.

Length
Sl. No Extension of Phase -l Corridors in Phase-ll (Km)
i. Extension of E-W line from Mysore Road to Kengeri . 6.465

il.

Extension of E-W line from Baiyappanahalli to ITPL - Whitefield 15.50

Extension of N-S line from Puttenahalli to Anjanapur Township 6.29

Extension of N-S line from Hesaraghatta Cross to BIEC 3.77

TOTAL | 32.025

0.2

0.21

Traffic Demand

The detailed traffic study was got done from M/s Wibursmith Associates, Bengaluru.
Based on the detailed household surveys and traffic surveys carried out during DPR
study in 2002 - 2003 and subsequent DPR Studies for extension of N-S line in
October & December 2007 and the survey done now as a part of this study, the
Transport Demand Model was developed. The network for all the four extensions
have been developed from the primary database and used in the transport Demand
Model. The traffic demand on these four extensions has been projected considering
that the proposed R V Road — Electronic City/Bommasandra corridor and the new
corridor between 1IM(B) and Nagawara are in place.

TRAFFIC DEMAND
The entire study area has been delineated into 182 zones as shown in. 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.
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@ Executive Summary

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

Population and Employment figures are based on the Census (2001) and projected for
future.

- 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.
Table 0.2 Distribution of Motorized Trips
“SLNo | Mode  Internal Trips | External Trips s
1 Two-wheeler 1829858 84083 1913941
2 Car 826909 90360 917269
3 Auto rickshaw 927371 14760 942131
4 Public Transit 3519338 672120 4191458
Total 7103475 861323 7964798

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.

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

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.

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 proposed four extensions, proposed Phase-ll North - South
Corridor between 1IM (B) - Nagawara corridor and proposed R. V. Road - Electronic
City corridor with total transport network of the city. Based on the final assignment of
traffic on the total network, loading on the proposed four extensions with the Phase-I
are as follows:

The Summary of the transport Demand for option extension of East West Corridor up
to Whitefield on the proposed metro alignments is presented in Table 0.4.

Table 0.4 Summary of Transport demand (Extn of E-W Corridor upto Whitefield)

‘Max. Sectiona

i  Load (PPHPD).

Metro Phase-1(N-S)
(including extensions) 33.9 21,803 60.9 6.03 10.1
Metro Phase-1(E-W)

including extensions

19,675
b

o
Metro Phase-1(N-S)
(including extensions) 33.9 27,593 79.6 7.90 10.1

Metro Phase-1(E-W)
including extensions '40 2 25,380

Metro Phase-1(N-S)
(including extensions) 33.9 36,557 106.8 10.36 10.3
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Metro Phase-1(E-W)
includi ensions

Metro Phase-1(N-S)

(including extensions) 33.9 42,771 124.7 12.12 10.3
Metro Phase-1(E-W)
(including extensions) 40.2 38,860 131.7 11.00 12.0

E-W Corridor extensions

Baiyappanahalli - Whitefield)
The phpdt (peak hour peak direction trips) on North South Corridor by 2016 will be
21,803 and will increase to 42771 by 2041.Similarly, the phpdt (peak hour peak
direction trips) on East West Corridor by 2016 will be 19,675 and will increase to

38,860 by 2041.

between Mysore

road

and Kengeri and

The Incremental Ridership for option-2(extension of East West Corridor upto

Whitefield) on the proposed metro alignments is presented in Table 0.5

Table 0.5 Incremental Ridership (Extension of E-W Corridor upto Whitefield)

Increental incremental Incremeal

Extensions Increm_ental Daily Ridership Daily Average Lead
Length in Km ; Passenger KM .
in lakhs X in KM
in Lakhs

From Hesarghatta cross to BIEC +
Puttenhalli to Nice Road 108 2.05 31.07 15.2
From Mysore Road to Kengeri+
Baiyapanhalli to Whitefield 22.7 2.03 38.05 18.7
Total 33.5 4.08 69.12 16.9

From esarghatta cross to BIEC +

Puttenhalli to Nice Road 108

From Mysore Road to Kengeri+

Baiyapanhalli to Whitefield 22.7 3.67 61.13 16.7
Total

From Hesarghatta cross to BIEC +

33.5

Puttenhalli to Nice Road 108 3.48 49.52 14.2
From Mysore Road to Kengeri+

Baiyapanhalli to Whitefield 22.7 4.96 80.94 16.3
Total 33.5 130.46 15.5

i .

From Hesarghafta croslslto BIEC +

Puttenhalli to Nice Road 10.8 4.52 61.47 13.6
From Mysore Road to Kengeri+
\ . e . 5.35 90.05 16.8
Baiyapanhalli to Whitefield 22.7
Total 33.5 9.87 151.52 15.4
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 5 of 35
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PLANNING AND DESIGN PARAMETERS

DMRC has already implemented Phase | and Phase-ll of Delhi Metro project.
Various design norms and parameters have been firmed up by DMRC after detailed
studies of norms followed by Metro systems worldwide. 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 deck width of 9.54 m (track center 4.2 on 122.5
m radius) to carry both the tracks in the portion where the viaduct is proposed on the
single pillar. The section has a walkway at the floor level of the coach for emergency
evacuation of passengers.

15 t axle load, as adopted for Phase-| is proposed for these extensions also.

Bangalore Metro system will have modern, lightweight rolling stock made of stainless
steel. Trains are proposed to be air-conditioned, consisting of 3 coaches
initially and 6 coaches in future. 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 (1435 mm) tracks as this will
facilitate provision of sharp curves with radii up to 122.5 m. Other geometrical
parameters are similar to that of Delhi Metro system.

It is proposed to provide 750 V dc, third rail traction system for all four extensions as
being adopted for the phase-l 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-I of Bangalore Metro.

0.4 Alignment for the four extensions

Extension of Phase-l E-W line

0.4.1 Mysore Road Terminal to Kengeri

The line from Mysore road Terminal of Phase — | to Kengeri along Mysore road is an
elevated standard gauge corridor with double line section having a route length of 7.09
km (up to dead end) and 6 stations (apart from Mysore road Terminal Station). Provision
has been kept for extending the line beyond in future.

* Mysore Road Terminal station at the west end of E =W corridor of Ph-l is located on
the Mysore road short of Outer Ring Road junction as elevated Terminal Station.

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 6 of 35
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@ Executive Summary

« This alignment is to be extended on the Mysore road up to Kengeri.

e The satellite town ‘Kengeri’ which has come up in the outskirt of southwestern part of
Bengaluru has developed as a busy suburb and is further developing. The traffic on the
Mysore road to Kengeri has also increased. Hence the necessity of extension of Mysore
road Terminal to Kengeri.

« Provision has been kept for extending the line in future.

The line extending from the existing dead end of Mysore Road Terminal Station will be
generally on the median of the Mysore road and traverse up to Kengeri. There are five
stations on this extension of Mysore Road — Kengeri line namely Nayandahalli
[Ch.(-)764.50], Rajarajeshwari Nagar [Ch.(-)1600], Bengaluru University Cross [Ch.(-
- )2400], R V College of ENGG [Ch.(-)4400], Kengeri [(-)6306. Provision has been kept for
extending the line beyond Kengeri in future either to Bidadi or towards the Satellite town

of Kengeri.

0.4.2 Baiyappanahalli to ITPL/Whitefield

The extension of Mysore Road to Baiyappanahalli corridor to Whitefield will be elevated
with route length of 15.50 km (up to dead end).

e Baiyappanahalli station along with the depot at the east end of E - W corridor
is located on the NGEF land by the side of Old Madras Road as elevated
Terminal Station.

e This alignment is to be extended towards east on Old Madras Road —up to
Whitefield.

e The hub for the IT industry after Electronic City is the ITPL area. The
Doddanekkundi Industrial Estate, Vishweshwaraiah Industrial Estate, KIADB
Export Promotional Industrial Area etc are also existing along this line which
caters for a large number of clientele. There has been a lot of development
around Whitefield. The Whitefield Railway Station is being planned to make it
a transportation hub on the eastern side. Sri. Sathya Sai Baba Ashram is near
Whitefield Railway Station. All these cater for large ridership. Also as per the
traffic survey, the traffic on the Phase-l E-W line is almost doubled by the
extension of this line up to ITPL/Whitefield and hence the necessity of
extension of Baiyappanahalli to ITPL/Whitefield.

The extension line starting from Baiyappanahalli Depot main line dead end is continued
on the south side of Bangalore - Chennai line (out side the railway boundary). Then the
metro line crosses Bangalore-Salem line and the loop railway line to Baiyappanahalli in
one long span of about 40 mts and crosses the Kasturi Nagar road and then the outer
ring road and reaches the median of the Old Madras road for a small length and then
slightly shifted to the left side of the median to avoid the ramp of the Cable Stay Bridge
and then the alignment crosses the approach of the Cable Stay Bridge and joins the
Whitefield road. The metro alignment will also enter the Whitefield road at elevated level.
The metro alignment continues between the Railway land and the outer ring road and
reaches the median of Whitefield road. After crossing the flyover the alignment continues
to be on the median of Whitefield road till the junction of Graphite India Road. Here the
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alignment turns to right and reaches the median of Graphite India Road. The alignment
will be on the median of Graphite India Road till the junction of Road 2 (opp to Graphite
India Research & Development Centre) where it takes a turn to the left and reaches the
median of Road 2 and runs on the median of Road 2 till opposite to SAP Labs India Ltd.
After this the alignment runs on the median till approx Ch.26800 (where it has two H T
line crossings), at this location the overhead High Tension (HT) lines of 220 KV are
running along the median of the road hence the metro line is taken on the right side of
the road till the crossing of Road 2 and Road 8 (Vyedehi Hospital). Here the metro
alignment takes a left turn after crossing H T lines twice and taken on the right side of
Road 8/1% Main Road till short of Whitefield road where the metro alignment turns right to
reach Whitefield road. The alignment continues to be on the median up to the ITPL
metro Station up to which the construction in first stage of extension is planned. The
dead end of this station would be Ch.30100.

The line will be continued in stage 2 to Whitefield from the dead end of ITPL station
along the median of Whitefield road till the junction of Whitefield Station
road/Chennasandra Circle. Here the metro alignment turns to the left and reaches the
median of Whitefield Station road and continues along the median up to short of the
Road Over Bridge on the left side of the ROB and terminates before the railway lines.

Extension of Phase-l N-S line

0.4.3 Puttenahalli Cross to Anjanapur Township (Up to NICE Road)

The line from Puttenahalli Cross of Phase ~ | to Anjanapur Township (up to NICE Road
Crossing) along Kanakapura Road is an elevated standard gauge corridor with double

line section having a route length of 6.29 km (up to dead end) and 5 stations (apart
from Puttenahalli Cross Station).

¢ Puttenahalli Cross station at the south end of N — S Phase-| corridor is located on

the Kanakapura road after the Outer Ring Road junction as elevated Terminal
Station.

e This alignment can be extended on the Kanakapura road up to Anjanapur
Township (NICE Road Crossing).

e 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
Anjanapur Township (NICE road x-ing) along Kanakapura road. There is good
ridership from this part of the city who travel to & fro City Center. Therefore the
necessity of extension of Phase-I N-S line on the southern side to Anjanapur
Township (NICE road x-ing) is felt.

The line starting from the existing dead end of Puttenahalii Cross Station continues to be
on the median of the Kanakapura road and traverse along the median up to Anjanapur
Township (NICE road x-ing). There are five stations on this extension of Puttenahalli
Cross — Anjanapur Township line namely Anjanapur Road Cross (Ch18900), Krishha
Leela Park (ISKON) (Ch.20083), Vajara Halli (Ch.21400), Thalaghattapura (Ch.22285)
and Anjanapur Township Terminal (24182). This extension is fully elevated line from
Puttenahalli Cross to Anjanapur Township (NICE road x-ing).

Bangalore Metro Phase-II DPR (four extensions) July 2011 Page 8 of 35
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0.4.4 Hesaraghatta Cross to Bangalore International Exhibition Centre (BIEC)
[beyond NICE Road]

The line from Hesaraghatta Cross of Phase — | (N-S Metro Rail) to BIEC (beyond NICE
Road) along RHS of Tumkur Road is an elevated standard gauge corridor with double
line section having a route length of 3.77 km (up to dead end) and 3 stations
(apart from Hesaraghatta Cross Station). Provision has been kept for extending the line
beyond in the future.

e Hesaraghatta Cross station at the north end of N — S Phase-1 Metro Rail corridor is
located on the RHS of Tumkur road as elevated Terminal Station.

e This alignment can be extended on the RHS of Tumkur road up to BIEC now and
even beyond in future. The Metro alignment will have to be continued on the RHS
of Tumkur road as the tolled elevated/at grade High way is under construction on
the existing median of the Tumkur road.

e The Phase-l N-S line is already under construction up to Hesaraghatta cross on
RHS of Tumkur road. In phase-ll the same line is proposed for extension up to
BIEC (beyond NICE road x-ing) along the RHS of Tumkur road. Even though from
the traffic point, this extension may not be wholly justified, but a lot of visitors who
intend to go to the Exhibition Center from various parts of the city and outskirts are
not going to BIEC as the travel time required by road as of now is too much and the
travel time will be reduced if the existing N-S line from Hesaraghatta Cross is
extended up to BIEC. Therefore the necessity of extension of Phase-l N-S line on
the Northern side to BIEC is felt. Provision has been kept for extending the line in
future.

The line starting from the existing dead end of Hesaraghatta Cross Station continues to
be on the RHS of the Tumkur road and traverse along the RHS of Tumkur road up to
BIEC (beyond NICE road x-ing). There are three stations on this extension of
Hesaraghatta Cross — BIEC line namely Manjunatha Nagar [Ch.(-) 6825], Jindal Metro
Station [Ch.(-)8074] and BIEC Terminal [Ch.(-)9224]. This extension is fully elevated line
from Hesaraghatta Cross to BIEC (beyond NICE road x-ing). Provision has been kept for
extending the line beyond BIEC in future.

0.4.5 STATION PLANNING AND TRAFFIC INTEGRATION
The basic planning for stations, as proposed in the DPR of East - West and North —
South Corridors of Phase-l, May 2003 and for extension of N-S line of Phase-| from
Yeshwanthpur to Hesaraghatta Cross & R V Road Terminal to Puttenahalli cross of
October 2007 & June 2008 has been used to plan all the 27 stations of the four
extensions in Phase-Il. Out of the total 27 stations, 19 stations are on the middle of the
Road and balance 8 stations are off the road.

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 9 of 35
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The proposed stations along all the four extensions of Phase-| are as follows:
Table 0.6 - Stations

NORTH-SOUTH CORRIDOR (BIEC Terminal-Anjanapur Township)
Nare of Statiane | Change (in |Inter — Station|
R Name of Stations RNl e ay
No.| - ~_m)  |Distance (in m)
Dead End (-) 9674.00
1 |BIEC Terminal (-) 9224 450 Elevated Phase-I|
2 |Jindal (-) 8074 1150 Elevated Extension
; Hesarghatta to
3 |Manjunatha Nagar (-) 6825 1249 Elevated BIEC
4 |Hessarghatta (-)5400 1425 Elevated
5 |T. Dasarahalli (-)4497 . 903 Elevated
6 |Jalahalli (-)3747 750 Elevated
7 |Peenya Ind Area (-)3021 726 Elevated
8 |Peenya (-)1950 1071 Elevated |Phase-I N-S line
. _ Hesarghatta to
9 |Outer Ring Road (-)1138 812 Elevated Puttenahali
10 |Yeshwantapur 0.00 1138 Elevated | presently under
11 [Soap Factory 1103 1103 Elevated | IMPlementation
12 |Mahalakshmi 2102 999 Elevated
13 |Rajaji Nagar 3069 967 Elevated
14 |[Kuvempu Road 3975 906 Elevated
15 |Malleswaram 4728 753 Elevated
16 |Swastik 5864 1136 Elevated | phase-I N-S line
. Hesarghatta to
17 |Majestic 7540 1676 Elevated Puttenahalli
18 |Chickpete 8559 1019 Elevated | presently under
implementation
19 |(City Market 9235 676 Elevated
20 |KR Road 10427 1192 Elevated
21 |Lal Bagh 11431 1004 Elevated
22 [South End Circle 12386 955 Elevated
23 |Jayanagar 13288 902 Elevated
24 RV Road 14180 892 Elevated
25 |Banashankari 15540 1360 Elevated
26 |J.P.Nagar 16413 873 Elevated
27 |Puttenahalli Cross 17798 1385 Elevated
28 |Anjanapura Road Cross 18900 1102 Elevated
Krishn Leela  Park Phase-Il
28 (lleor?J) a 20083 1183 Elevated | Extension
‘ Puttenahalli to
30 |Vajarahalli 21400 1317 Elevated Anjanapur
31 (Thalaghattapura 22285 885 Elevated |  Township
32 |Anjanapura Township 24182 1897 Elevated
Bangalore Metro Phase-!l DPR (four extensions) July 2011 Page 10 of 35
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Elevated

\AST-WEST CORRIDOR wuth Whltefae!d (Future Statlon-Whltefle}d) ’
Dead End (-)6725 -
2 |Kengeri Terminal (-) 6306 419 Elevated EPrtmase.-II
3 RV College off () 4400 1006 | Elevated |Future Station
Engineering ' _ to Mysore
4 [Bangalore  Universityl () 2400 2000 | Elevated [R0ad Terminal
ross -
5 |Rajarajeshwari Nagar (-) 1600 800 Elevated
6 [Nayandahalli (-) 765 835 Elevated
7 |Mysore Road Terminal 0 765 Elevated  [Phase-I N-Sline
Mysore Road
8 |Deepanjali Nagar 1117 1117 Elevated Terminal to
Bai halli
9 |Vijaya Nagar 2345 1228 |  Elevated Pf;ﬁiﬁﬁi"uanqir'
10 |Hosahalli 3446 1101| Elevated | mPlementation
11 |Toll Gate 4448 1002 Elevated
12 |Magadi Road 5600 11562 Elevated
13 |City Railway Station 6755 1155 Elevated
14 Majestic 7503 748 Elevated  [Phased NS ine
ysore Road
15 |Central College 8697 1194 Elevated Terminal to
: Baiyappanahalli
16 |Vidhan Soudha 9318 621 Elevated Presenﬂy unqer
17 |Cricket Stadium 10643 1325| Elevated |mPlementation
18 M G Road 11380 737 Elevated
19 [Trinity Circle 12522 1142 Elevated
20 |Ulsoor 13725 1203 Elevated
21 |CMH Road 14610 885 Elevated
22 |0Old Madras Road 16419 1809 Elevated
23 |Baiyappanahalli 17374 955 Elevated
24 |Jyothipuram 19800 2426 Elevated
25 |[KR Puram 20625 825 Elevated Phase-ll
26 |Narayanapura 21500 875 Elevated Bi)i(;gr;?;): a
27 |Mahadevapura 22400 900 Elevated halli to
Whitefield
28 |Garudacharya Palya 23600 1200 Elevated
29 |Doddanakundi Ind Area 24635 1035 Elevated
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 11 of 35
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30 X'rse';wes"wa'aya Ind. 25635 1000 |  Elevated
31 |Kundanahalli 26500 865 | Elevated
32 |Vydehi Hospital 27500 1000 Elevated
33 [Sathya Sai Hospital 28300 800 Elevated
34 ITPL 29750 1450 | FElevated
35 |Kadugodi 30800 1050 |  Flevated
36 |Ujwala Vidyalaya 31800 1000 | FElevated
37 |Whitefield 32800 1000 | FElevated
38 |Dead End 33250 450

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 areas.
Provision for escalators is made at all the stations in paid area from concourse to
Platform and in unpaid area from Ground to Concourse.

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 Nayandanahalli & Kengeri
Terminal Stations on Mysore Road Terminal — Kengeri line, Narayanapura,
Mahdevapura, Garudacharpalya Stations, ITPL & Ujwala Vidyalaya on
Baiyappanahalli — Whitefield line, Anjanapur Road Cross, Krishna Leela Park
(ISKON) & Anjanapur Township Stations on Puttenahalli Cross — Anjanapur
Township line and Manjunatha Nagara & BIEC Stations on Hesaraghatta Cross —
BIEC line.

Location specific station plans for all the 27 stations on these four extensions have
been prepared and being submitted with this DPR.

Geo Technical Investigation

Geo- technical Investigation has been carried out along all the four extensions at 54
locations up to a depth of 30 m in soil or up to a depth of 3 m Hard rock strata.

Generally the top layer of soil is reddish/yellowish/grayish/brownish 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 up to 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

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 12 of 35

® 00 00 00 000000000 OQCROIOPOEOEOSGEOPGPOOEONONOGNOGNOGEOSEO®OO®OO®WN



©0000000000000000000000006000006000000

@ Executive Summary

containing bore log details, test results and bearing capacity recommendations has
been submitted separately in Vol-IIl.

Utility Diversions

The proposed alignments of (i) Mysore Road Terminal to Kengeri- Future Station, (ii)
Baiyappanahalli to ITPL/Whitefield Terminal, (iii) Puttenahalli Cross to Anjanapura
Township and (iv) Hesaraghatta Cross to BIEC extensions are traversing along the
busy City Roads. Number of sub-surface, surface and overhead 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
alignments. 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.

The 12 major utility of 220/66/11 KV OHE lines detailed in chapter 4 are required to
be shifted.

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.

The total land requirement for four extensions works out to:

Mysore Road Terminal — Kengeri =1.46 ha
Baiyappanahalli — Whitefield =7.79 ha
Puttenahalli Cross — Anjanapura Township (Up to NICE Road x-ing) = 2.23 ha
Hesaraghatta Cross — BIEC =4.58 ha
Maintenance Depot at Kengeri =12.00 ha
Stabling facilities at Anjanapura Township =4.00 ha

The land cost for the four extensions of alignment & stations

Mysore Road Terminal — Kengeri = Rs. 87 Crores
Baiyappanahalli — ITPL - Whitefield = Rs. 250 Crores
Puttenahalli Cross — Anjanapura Township = Rs. 93 Crores

(Up to NICE Road x-ing)

Hesaraghatta Cross — BIEC = Rs. 82 Crores

The project involves displacement of about 311 properties out of which 153 are
commercial, 39 residential, 03 religious and 116 others.

The displaced persons are to be relocated in nearby areas, in the manner as done for
phase-I.
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0.5 TRAIN OPERATION PLAN AND MAINTENANCE DEPOT
Train Operation Plan

Executive Summary

Any public transport system, particularly a Metro system, is made attractive and
useful by providing suitable high frequency service during peak and off-peak hours.
For this purpose for all the four extension lines short trains (3 coach trains) are
proposed initially at 5.5 minutes frequency during peak periods and 15 minutes
frequency during slack periods of the day. The frequency can be changed gradually
to 3 minutes with 6-cars in future depending upon the demand.
Salient features of the proposed train operation plan are:
* 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 these corridors has been assumed as:
- North-South Corridor (BIEC Terminal-Anjanapura Township’) : 34 kmph
- North- South Corridor (‘Hessarghatta Cross-RV Road loop) : 33 kmph
- East-West Corridor (‘Future Station-ITPL’ ) : 34 kmph
- East-West Corridor (‘Mysore Road Terminal-Baiyappanahalli’): 34 kmph

0.5.1 Train Formation

To meet the above projected traffic demand, the possibility of running trains with
composition of 3/6 Car trains with different headway has been examined.

The basic unit of 3-car train comprising of DMC + TC + DMC and 6-car train
comprising of DMC + TC + MC + MC + TC + DMC configurations are selected for the
year 2016 and 6-car train comprising of DMC + TC + MC + MC + TC + DMC
configurations is selected for the year 2021, 2031 & 2041.

The Rolling Stock should be designed such that it should be possible to couple two
independent 3- car trainsets and operate them as a 6-car trainset.

Composition
DMC : Driving Motor Car
MC  : Motor Car
TC : Trailer Car
3 Car Train Compositions: DMC + TC + DMC
6 Car Train Compositions: DMC + TC +MC + MC + TC + DMC

Capacity (with standees @6 passengers per sqm of standee area)

DMC : 253 Passengers (Sitting-43, Crush Standing-210)

TC/MC : 280 Passengers (Sitting-50, Crush Standing-230)

3 Car Train: 786 Passengers (Sitting-136, Crush Standing-650)

6 Car Train: 1626 Passengers (Sitting-286, Crush Standing-1340)
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 14 of 35
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0.5.2 Train Operation Plan
Train operation plan (headway and train composition) for the year 2016,2021,2031

and 2041 during the peak hours has been worked out for the following two options.

Executive Summary

. BIEC — Hessaragatta- Puttenahalli | 33.400 Km
North South Corridor Cross- Anjanapura Township
East West Corridor | Kengeri — Mysore Road —|39.106° Km
Baiyappanahalli — ITPL- WhiteField

Capacity Provided for North-South Corridor

North - South Corridor Headwal No. of Rake No. of Max. PHPD_T
Year y (min) | Rakes Consist |[Coaches PHPDT | Capacity
Demand | Available
Hasseragatta Section 21 Rakes (8571™)
H RV Road of 3-car | MRS 20674
asseragatta to 0a 3.5 3-cars/ 6- 21803
Section 2016 and 14 147 (26297*)
Rakes of car
RV Road to Anjanapura 7 6-car 3-car 11241 6737
Township Section (8571%)
BIEC Terminal to 7 6-car 8807 13937
Hasseragatta Section (17726™)
Hasseragatta to RV Road 35 |35Rakes | 4 .o 010 | 27593 | 27874
Section 2021 of 6-car (35451%)
RV Road to Anjanapura 7 6-car 14389 13937
Township Section (17726*)
BIEC Terminal to 6 6-car 10913 16260
Hasseragatta Section (20680%)
Hasseragatta to RV Road 3 |39Rakes | 4 .o 034 | 36557 | 32520
Section 2031 of 6-car T | (41360%)
RV Road to Anjanapura 6 6-car 19137 16260
Township Section (20680%)
BIEC Terminal to 5 6-car 12769 19512
Hasseragatta Section (24816*)
Hasseragatta to RV Road o5 | 47Rakes | 5 . gy | 42771 | 39024
Section 2041 of 6-car (49632*)
RV Road to Anjanapura 5 6-car 22391 19512
Township Section (24816%)
Bangalore Metro Phase-|l DPR (four extensions) July 2011 Page 15 of 35
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Capacity Provided for East-West corridor

East - West Corridor Y Headway No. of Rake No. of Max. PHPD_T
ear (min) Rakes Consist |Coaches PHPDT | Capacity
Demand | Available
5.5 32 6-car 192 19675 17738
2016 (22560°)
' , 2021 4 43 6-car 258 25380 24390
Kengeri Terminal to (31020%)
Whitefield Section
3 56 6-car 336 34263 32520
2031 (41360%)
3 56 6-car 336 38860 32520
2041 (41360%)

*

@ 8 persons per square meter of standee area

0.6 ROLLING STOCK

0.7

Rolling stock for all the four extensions of Phase-I of Bangalore Metro has been selected
based on the following criteria:

Proven equipment with high reliability;

Passenger safety features, including fire resistance;
Energy efﬁciehcy;

Light weight equipment and coach body;

Optimised scheduled speed;

Aesthetically pleasing Interior and Exterior;

Low life cycle cost; and

Flexibility to meet increase in traffic demand.

¢ S ¢ & 6 O o o

As these run on the Phase-I lines and in their extensions the Rolling Stock should merge with
look and colour of Phase-| coaches already ordered.

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 same as that taken for Phase-| lines i.e. 15 t for
which the structures are to be designed.

POWER SUPPLY, SYSTEM OF TRACTION AND POWER TARIFF

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:-

Bangalore Metro Phase-Il DPR (four extensions)

July 2011 Page 16 of 35
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0.7.1

0.7.2

Executive Summary

S
. For running trains
. For station services e.g. lighting, ventilation and air-conditioning (only in
underground stations), lifts, escalators, signalling & 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.

Selection of Traction System:-

Existing system of electric traction on all the corridors of Bangalore Metro constructed in
Phase — 1 is at 750 V DC. This is based on techno economic studies for Bangalore. The
same traction system for the proposed extension of the existing corridors and new corridors
has been considered, viz 750 V DC third rail bottom current collections.

Design Criteria for Power Supply and Traction System:

Power requirement has been evaluated considering Train operation plan, which envisages
running of trains as summarized below:-

Corridor Year
2016 2041

E — W Corridor

- Train composition 6 car 6 car

- Headway 5.5 minutes 3 minutes
N-S Corridor

- Train composition 3 car 6 car

- Headway 7 minutes 5 minutes

In train bunching situation, headway may get reduced to 150 seconds for short durations.
Accordingly, traction power supply system has been planned to cater for 6-car train
operation at 150 seconds headway in year 2041 under bunching conditions in part of the
corridor. However, initially equipment will be installed to cater the expected power
requirement during initial years of operations. As and when the traffic builds up in year 2031
& 2041, the power supply system may need slight augmentation by way of adding main
power transformers & traction transformer-rectifier sets.

0.7.3 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 — 75KWh/1000 GTKM

ii) Regeneration by rolling stock — 20%

July 2011 Page 17 of 35
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(iv)

KW in the year 2041

2750 KW in the year 2041.

Executive Summary

Elevated/at —grade station load — initially 200KW, which will increase to 500

Depot auxiliary load - initially 2250 KW in the year 2016, which will increase to

Keeping in view of the train operation plan and demand of auxiliary and traction power,
power requirement have been worked out for the year 2016, 2021, 2031 and 2041 which is
briefly summarized in Table 0.7 below:-

Table 0.7:- Power Demand Estimation (MVA)

Corridor Year

2016 2021 |2031 2041

Extension of N — S corridor | Traction 0.7 1.4 1.7 2.0
BIEC to Hesarghatta Auxiliary 0.7 0.90 1.1 1.9
Sub Total (A) 1.4 23 | 28 3.9

Extension of N - S corridor | Traction 0.7 1.4 1.6 1.9
Puttenahalli to Anjanapura Auxiliary 1.2 15 1.9 3.1
Township Sub Total (B) | 1.9 29 |35 5.0
Total (A+B) 3.3 5.2 6.3 8.9

Extension of E — W corridor | Traction 29 4.0 54 54
Kengeri St'ation to Mysore Auxiliary 1.2 15 1.9 3.1
Road Terminal Sub Total (C) 4.1 5.5 73 8.5
Extension of E — W corridor | Traction 7.3 101 13.4 13.4
Byappanahalli to White field Auxiliary 3.5 4.3 52 8.6
(OPTION —1f) SubTotal (D) 108 |144 [186 | 220
Total (C+D) 14.9 19.9 25.9 30.5

0.7.4 Selection of Inputs Supply Voltage and the Locations of Receiving Sub-Stations

The high voltage power supply network of Bangalore city was studied in brief. The
city has got 220kV, 66kV and 11kV 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 of E-W and N-S corridor. Keeping in view of the
reliability requirements, 2 input sources of 66kV voltage level have already been
considered for each corridor and accordingly, 2 receiving sub-stations (66/33kV) are
proposed to be set up each for existing E-W and N-S corridors. The existing E-W
corridor from Mysore Terminal to Byappanahalli is 17.37 km, whereas N-S Corridor
from Hasargatta to Puttenhalli is 23.19 km section having RSS’s at following

locations:-
. No.! Corridor Grid sub-station Location of RSS of | Approx. length of '
(Input source) Metro Authority 66kV cables
1. NGEF Baiyyappanahalli 1km.
E-W sub-station (66kV) depot (Double circuit)
2. | corridor REMCO sub-station (66kV) Mysore Road 1km.
Terminal (Double circuit)

Bangalore Metro Phase-ll DPR (four extensions)
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- 1®

SRS Peenya Yeshwantpur Depot 4km.
N-S sub-station (220/66kV) (Double circuit)
Corridor SARAKKI R.V. Road Terminal 4km.
sub-station (66kV) (Single circuit)

The 4 RSS’s of phase — | corridors are being provided with 2 transformers each
having capacity of 20 / 25 MVA based on the simulation studies carried out for
BMRCL in phase-I. The 66 KV will be stepped down to 33 KV level at the above
RSS’s of metro authority.

In case of failure of one RSS, the other RSS of the same line will feed entire
corridor. If both the RSS’s of any corridor fail, then the power can be supplied
through RSS’s of other corridor through 33 KV link provided at Majestic station.

Since the proposed corridors in Phase — 2, are extension of the existing corridors of
E-W and N-S, the efforts have been made to minimise the need of additional RSS.
In Phase — 2 following extensions have been proposed:-

(a) E—W corridor:-

East side extension:-

Further extension of 3.05 Km up to Whitefield flyover.

West side extension:-

Further extension 15.50 Km to Future city or satellite town.
(b) N-S corridor:-

South side extension:- 3.62 km extension up to Anjanapura Township,

North side extension:- 3.82 km extension up to BIEC Terminal.

The East — West corridor is likely to be extended beyond Kengeri up to Future city /
Satellite town, therefore it is essential to have one more RSS towards East (up to
ITPL) & one RSS towards West if the extension is also considered.

Similarly 3.62 km extension towards south also requires one RSS to improve
reliability of the North — South corridor. 3.82 km extension towards North can be fed
from the existing RSS at Peenya existing RSS and no new RSS will be required.

Keeping in view the above, the discussions were held with Director/ KPTCL and
following sources have been identified:-

5. No. | Corridor Grid sub - station Location of RSS of | Approx. length of
(Input Source) Metro Authority 66kV cables
1. EPIP Park 220 kV GSS Near ITPL station | 2km.
E-W (2 no. 66 kV bays) (Double circuit)
2. | corridor | Vrishabhavathi 220kV Kengeri Depot 4km.
GSS (2 no. 66kV bays) (Double circuit)
3. N-S Khodays factory 220kV | Anjanapura Depot |&Skm.
Corridor GSS (2 no. 66kV bayS) (DOubIe Circuit)
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 19 of 35
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The detailed calculation and power required etc can be finalized through simulation
studies during detailed design stage.

M/s KPTCL in the minutes of meeting issued vidle memo no:-
KPTCL/CEE/P&C/KCO ~ 88/25958, dated:- 28.10.2010 (Annexure — 7.3) have
indicated that metro authorities (BMRCL) may confirm the requirement of power
requirements at 66kV level from already planned EPIP Park 220/66 KV GIS Grid

sub-station, 220 / 66 kV Khoday factory GSS and existing 220/66kV Vrishabhavathi
GSS.

If additional power requirement is a certainty, BMRCL may indicate and deposit
money so that the GSSs can be designed and equipment procured now itself.

0.7.5 AUXILIARY SUPPLY ARRANGEMENTS FOR STATIONS & DEPOT

Auxiliary 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 stations and accordingly two dry type cast resin
transformers (33/0.415kV) of 630 kVA for elevated / at grade stations (with one
transformer as standby) are proposed to be installed. Both the Depot ASSs will also
be provided with 2 x 3000 kVA auxiliary transformers

0.7.6 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 / 150 KVA capacity at elevated/at-grade
stations to cater the following essential services:

(i) Lift operation

(ii) Essential lighting

(iii) Signaling & telecommunications

(iv) Fire fighting system.

Capacity may be fine-tuned depending on S&T requirement for Interlock
stations.Silent types of DG sets are proposed which have low noise levels and do not
require separate room for installation.

0.7.7  Utility diversion:-

The extension of East corridor is having around 3 Km 220 KV double circuit
transmission line physically infringing the alignment. The transmission line needs to
be shifted or replaced through equivalent cable network. The estimated cost of this
work will be around Rs 80 Cr. The fund provision is to be kept separately.

0.8  SIGNALLING AND TRAIN CONTROL

Metro carries large number of passengers at a very close headway requiring a very
high level of safety enforcement and reliability. At the same time heavy investment in
infrastructure and rolling stock necessitates optimization of its capacity to provide the
best services to the public. These requirements of the metro are planned to be

Bangalore Metro Phase-1l DPR (four extensions) July 2011 Page 20 of 35
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achieved by adopting ‘Distance to go' ATP (Automatic Train Protection) and ATS
(Automatic Train Supervision) sub-systems. Signalling & Train Control system on the
line shall be designed to meet the required headway during peak hours. These are
detailed in chapter 8.

0.9 TELECOMMUNICATION
The telecommunication system acts as the communication backbone for Signalling
systems and other systems such as SCADA, AFC etc and provides
telecommunication services to meet operational and administrative requirements of
metro network.
The telecommunication facilities proposed are helpful in meeting the requirements for
1. Supplementing the Signalling system for efficient train operation.
2. Exchange of managerial information
3. Crisis management during emergencies
4. Passenger information system
The proposed telecom system will cater to the following requirements:
+ Train Traffic Control
« Assistance to Train Traffic Control
* Maintenance Control
« Emergency Control
« Station to station dedicated communication
+ Telephone Exchange
* Integrated Passenger Announcement System and Passenger Information and
Display System within the station and from Central Control to each station.
+ Centralised Clock System
» Train Destination Indicator
+ Instant on line Radio Communication between Central Control and Moving Cars
and maintenance personnel.
« Data Channels for Signalling, SCADA, Automatic Fare Collection etc.
0.10 Maintenance Depot for Bangalore Metro
Detailed Project Report of Phase-I of Bangalore Metro provides for the Depots
at Baiyappanahalli and Yeswantpur respectively for East-West and North-
South Corridors. Subsequently, the location of Yeshwantpur Depot was
changed to Peenya. The existing capacities of these two Depots and
additional requirement is furnished in he Table below:
S.No | Depot Corridor | Available | Requirement | Additional
Location capacity | for 2041 requirement
(including
Extensions)
1 Peenya North - 30 of 6 47 of 6 Car 17 of 6 Car
South Car
2 Baiyappanahalli | East- 19 of 6 56 of 6 Car 37 of 6Car
West Car
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It is proposed to augment the depot capacity at peenya depot for stabling the
additional 17 rakes. The planning has been done and the drawing is available in
depot chapter. A plot of land with 4 Hect. area is identified at Anjanapura for any
further requirement in future.

Baiyappanahalli Depot is located in the congested area and any further expansion is
not possible. It has to continue with the already planned capacity as per Phase-!
DPR. The additional depot at Kangeri/station side for stabling and maintaining 37
rakes of 6 car to be planned for which 12 Hect. of land is identified. Workshop will
also be provided at Kengeri depot.

0.11 Environmental Impact Assessment/Environmental Management
Planning (EIA/JEMP)

The EIA and EMP studies were entrusted to M/s SECON Pvt Ltd, Bangalore and their

report is enclosed as separate volume. However, the numbers of properties and trees
affected due are given below.

Number of properties affected due to proposed Metro Corridor/extension

Commercial Resident | Religiou Others Total
Property ial s
Property | Property
(i) Mysore Road Terminal - Kengeri
32 [ o7 [ o1 ] 17 | 57
(ii) Baiyyappanahalli - ITPL - Whitefield
87 ] 21 [ 01 ' 42 ‘ 151
(iii)) Puttenahalli Cross — Anjanapura Township (Up to NICE Road
x-ing)
26 | 10 , 01 ] 34 ] 17
(iv) Hesaraghatta Cross - BIEC
08 01 - 23 32
TOTAL | 153 39 03 116 311

Number of Trees affected due to proposed Metro Corridor/extension
SI. Metro Corridor/Extension No. of trees affected
No. in 10m strip of
alignment and within

the station area.

1. | Mysore Road - Kengeri —Future Station

50
Baiyyappanahalli to ITPL/Whitefield Terminal
2. 385
3 Puttenahalli — Anjanapura Township (NICE 253
" | Road x-ing)
4. | Hesaraghatta Cross - BIEC 26
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‘ @ Executive Summary

0.12 COST ESTIMATES

The Cost Estimates for the four extensions have been prepared at July 2010 prices
and works out to Rs.6361 Crores including land, taxes & duties(856 crores. The
same is summarized as below.

Cost Estimate for Bangalore Phase — Il extensions

EXTENSION OF PHASE - | LINES (four Extensions)

(i) Extension of E-W line from Mysore Road to Kengeri

Total length = 6.465 km(completely elevated) No. of Stations = 5

As per Final DPR As per BMRCL
Item Unit Rate | Qty Amount Rate Qty Amount
Rs. in crores) Rs. in crores)
1.0 Land
1.1 (a) land for alignment Ha 13.45 1.46 19.63 30.00 1.46 43.80
and stations
(b) (i) Land for Depot Ha. 13.45 4.00 53.80 13.45 4.00 53.80
Pvt. Land
(¢) Land for Ha. 3.23 4.00 12.91 3.23 4.00 12.92
Construction Depot
(Land on lease for four
years)
Sub Total 86.34 110.52
@
2.0 Alignment and
Formation
2.1 Elevated section
including viaduct | R.Km | 32.55 6.47 210.44 31.50 6.47 203.81
length in stations
Sub Total (2) 210.44 203.81
3.0 Station Buildings
3.1 Elevated Stations
A Type (A) Wayside | Each | 14.15 4 56.60 30.60 4 122.40
B Type (¢ )Terminal & Each 1 16.97 34.20 1 34.20
Junction
C Architectural 4.00 20.00
finishing | Each
Sub Total 93.57 156.60
3)
4.0 E & M Works
4.1 Elevated Stations
C| Type(A)Wayside— | Each 6.47 5 3235 6.47 4 25.88
E & M works
D Type (c) Terminal & Each 6.47 1 6.47 6.47 | . 1 6.47
Junction —
E & M works
Sub Total 38.82 32.35
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5.0 Depot at Kengeri
/Future Station
Civil Works 24.00 249
E & M Works 16.00 16.0ii
Sub Total 40.00 40,
) °
6.0 Permanent Way
6.1 | Ballastless track for RKm| 642 6.47 41.51 6.42 647 1@
elevated Section
6.2 | Ballasted track for R. Km 2.00 2.00 4.00 2.00 2.00 4-&
sidings etc. in Depot @
Sub Total 45,51 45.54
(6) ®
7.0 Traction & Power ®
Supply
7.1 Traction & Power [ 3
supply including
OHE, ASS etc. 9
7.1.1 Elevated station R.Km 9.36 6.47 60.51 13.00 6.47 84.*
Sub Total 60.51 84.1
) ()
8.0 Signaling and
Telecom ®
8.1 Signaling R.Km 8.02 6.47 51.85 9.89 6.47 63.%
8.2 Telecom Each 2.76 6.00 16.56 5.04 5.00 25.2
Stn. )
8.3 Automatic fare
collection o
8.3.1 Elevated Stations Each 2.93 6.00 17.58 2.93 5.00 143
Sub Total 85.99 103.84
(8) ®
9.0 R & R including LS 26.00 26.0&
Hutments and road
restoration etc [
Sub Total 26.00 26.00
©9) ®
10.1 | Misc. Utilities, other | R.Km 3.12 6.47 20.18 3.12 6.47 20.16
civil works such as
median, road signals o
etc.
102|  Electrical Utilities LS 25.00 13.08
10.3 Telecom Utilities LS 4.00 4.0b
Sub Total 49.17 42.19
(10) ®
11.0 Rolling Stock (SG) Each 10.40 30.00 312.00 9.50 38.00 361.0‘
Sub Total 312.00 361.00
an ®
o
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® 12.1 Barracks for CISF LS 3.00 3.00
® including Security
equipments
@ 12.2 | Staff Quarters for O LS 13.00 36.10
&M
® Sub Total 16.00 39.10
® (12)
13.0 Total of all items 978.00 1134.54
® except Land
® 14.0 General Charges 48.90 56.73
incl. Design charges
® @ 5% on all items
- except land
® 15.0 Total of all items 1026.90 1191.27
including General
® charges
) 16.0 Total of Cost 1113.24 1301.79
inclusive land cost
® 17.0 Contingencies @ 33.40 39.05
. 30/0
18.0 Gross 1146.64 1340.84
9 Total
®
(ii) Extension of Phase-l E-W line Baiyyappanahalli to White Field
Total length = 15.5 km No. of Stations = 14
, As per Final DPR As per BMRCL
1. No. Unit Amount Amoun
és ftem Rate Qty Rs. in crores) Rate Qty Rs. in cr(;)res;
1.0 Land
1 (a) land for alignment and Ha 16.13 7.79 125.61 30.00 7.79 233.70
stations
(b) Land for RSS Ha. 16.13 0.40 6.45 16.13 0.40 6.45
(c) Land for Depot Ha. 13.45 8.00 107.60 13.45 8.00 107.60
(d) Land for Ha. 3.87 4.00 15.48 3.87 4.00 15.48
construction Depot (on
lease for four years)
Sub Total (1) 363.23
255.15
2.0 Alignment and
Formation
2.1 Elevated section » 32.55 504.53 31.50 488.25
including viaduct length R. 15.50 15.50
in stations Km
| Sub Total (2) 504.53 488.25
Station Buildings ‘
Elevated Stations
Type (A) Way side Each 14.15 11 155.65 30.60 11 336.60
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b. Type (b) Way side with | Each 15.56 2 31.12 32.40 2 64.8”
signaling
C Type (¢ )Terminal & Each 16.97 1 16.97 34.20 1 34@
Junction ,
d Architectural finishing 4.00 | 14.00 56.00 -
Each #
Sub Total (3) 259.74 435.6
4.0 E & M Works
4.1 Elevated Stations
d Type (A) Way side—~ E | Each 6.47 1 71.17 6.47 11 7.1
& M works :
e Type (B) Way side with | Each 6.47 2 12.94 6.47 2 12949
signaling
E & M works J
F Type (c) Terminal & Each 6.47 1 6.47 6.47 1 64“
Junction— E & M
works J
Sub Total (4) 90.58 90.58 |
5.0 Depot at Kengeri
/Future Station
Civil Works 48.00 48.0(’
E & M Works 32.00 32.0
Sub Total (5) 80.00 30,0%
6.0 Permanent Way |
6.1 Ballastless track for R. 6.42 15.50 99.51 6.42 15.50 99.5
elevated Section Kim
6.2 Ballasted track for R. 2.00 3.00 6.00 2.00 3.00 6.0
sidings etc. in Depot Km
Sub Total (6) 105.51 105.51
7.0 Traction & Power ®
Supply %
7.1 Traction & Power
supply including OHE,
ASS etc.
7.1.1 Elevated station R. 9.36 15.50 145.08 10.00 15.50 155.00
Km
Sub Total (7) 145.08 155.00‘
8.0 Signaling and
Telecom ‘
8.1 Signaling R.K 8.02 15.50 124.31 9.89 15.50 153.30#
m
8.2 Telecom Each 2.76 14.00 38.64 5.04 14.00 70.56‘
Stn. |
8.3 Automatic fare
collection 1
8.3.1 | Elevated Stations Each 2.93 14.00 41.02 2.93 14.00 41.02 1
Sub Total (8) 203.97 264.88¢
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R & R including LS 42.00 42.00
Hutments and road
restoration etc
Sub Total (9) 42.00 42.00
10.1 Misc. Utilities, other R.K 3.12 15.50 48.36 3.12 15.50 48.36
civil works such as m
median, road signals
etc.
0.2 Electrical Utilities LS 41.50 125.81
0.3 Telecom Utilities LS 6.50 6.50
Sub Total (10) 96.36 180.67
11.0 Rolling Stock (SG) Each 10.40 78 811.20 9.50 100.00 950.00
Sub Total (11) 811.20 950.00
2.1 Barracks for CISF LS 4.75 4.75
including Security
. equipments
12.2 Staff Quarters for O & | LS 21.00 77.90
M
Sub Total (12) 25.75 82.65
13.0 Total of all items 2364.72 2875.14
except Land
1 14.0 General Charges incl. 118.24 143.76
Design charges @ 5%
on all items except land
15.0 Total of all items 2482.95 3018.90
including General
charges
16.0 Total of Cost inclusive 2738.10 3382.13
land cost
17.0 Contingencies @ 3% 82.14 101.46
18.0 Gross Total 2820.24 3483.59
@
o
o
[
®
o
o
o
®
o
@
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(ii) Extension of Phase-I N-S line Puttenahalli Cross to Anjanapur Township |‘
Total length = 6.29 km No. of Stations = 5 :.
As per Final DPR | As per BMRCL
SLNo. Item Unit |Rate Qty | Amount Rate Qty Amount ;
(Rs. in (Rs. in
crores) crores)
1.0 Land :
1.1 (a) land for alignment and Ha 15.05 2.23 33.62 30.00 2.23 66.90
stations k
(b ) Land for Depot Pvt. Ha. 15.05 | 3.00 45.15 15.05 3.00 45.15
Land k
(c) Land for construction |Ha. 3.61 4.00 14.45 3.61 4.00 14.44
Depot
(on lease for four years) :
Sub Total (1) 93.22 126.49
2.0 Alignment and Formation ’
2.1 Elevated section including 32.55 | 6.29 204.80 31.50 | 6.29 198.14 %
viaduct length in stations R.
Km o
Sub Total (2) 204.80 198.14 |
3.0 Station Buildings ®
3.1 Elevated Stations
a Type (A) Way side Each 14.15 4 56.60 30.60 4 122.40
b Type (c )Terminal & Each 16.97 1 16.97 34.20 1 34.20 P
Junction
C Architectural finishing Each 4.00 20.00 @
Sub Total (3) 93.57 156.60—Ak
4.0 E & M Works
4.1 Elevated Stations @
c Type (A) Wayside - E & Each | 6.47 4 25.88 | 6.47 4 25.88 b
M works |
d Type (¢) Terminal & Each 6.47 1 6.47 | 6.47 1 6.47 }.
Junction — E & M works
Sub Total (4) 32.35 32.35 |
5.0 Stabling Depot at —! ®
Anjanapura with washing
facilities o
Civil Works 36.00 36.00
E & M Works 24.00 24.00 |@
Sub Total (5) 60.00 60.00 ®
6.0 Permanent Way
6.1 Ballastless track for R. 6.42 6.29 40.39 | 6.42 6.29 4038 '@
elevated Section Km
6.2 Ballasted track for sidings R. 2.00 2.00 4.00 | 2.00 2.00 400 | @
etc. in Depot Km ' P
Sub Total (6) 44.39 44.38
7.0 Traction & Power Supply 9
7.1 Traction & Power supply
o
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@
’ including OHE, ASS etc.
7.1.1 | Elevated station R. 9.36 6.29 58.89 10.00 6.29 62.90
I Km
Sub Total (7) 58.89 62.90
8.0 Signaling and Telecom
+8.1 Signaling R.Km | 8.02 6.29 50.46 11.64 6.29 73.22
E 8.2 Telecom Each 2..76 5.00 13.80 5.68 5.00 28.40
Stn.
8.3 Automatic fare collection
+ 8.3.1 Elevated Stations Each 293 5.00 14.65 293 5.00 14.65
Sub Total (8) 78.92 116.27
I 9.0 R & R including LS 22.00 22.00
Hutments and road
restoration etc
Sub Total (9) 22.00 22.00
10.1 | Misc. Utilities, other civil | R.Km 3.12 6.29 19.63 3.12 6.29 19.63
works such as median,
road signals etc.

10.2 Electrical Utilities LS 22.00 21.00
; 10.3 Telecom Utilities LS 3.50 3.50
+ Sub Total (10) 45.13 44.13

11.0 Rolling Stock (SG) Each | 10.40 | 12.00 124.80 9.50 30 285.00

Sub Total (11) 124.80 285.00

12.1 Barracks for CISF LS 2.50 2.50
including Security
equipments
12.2 | Staff Quarters forO & M LS 11.00 32.30
f Sub Total (12) 13.50 34.80
13.0 Total of all items except 778.36 1056.57
Land

14.0 General Charges incl. 38.92 52.83
Design charges @ 5% on
all items except land

15.0 Total of all items 817.27 1109.40

including General charges

16.0 Total of Cost inclusive 910.49 1235.89

land cost

17.0 Contingencies @ 3% 27.31 37.08

18.0 Gross Total 937.81 1272.97
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(iv) Extension of Phase-I N-S line Hesaraghatta Cross to BIEC

Total length = 3.774km (entire Corridor is elevated) No. of Stations = 3

o oe00e0

As per Final DPR As per BMRCL
SL Item Unit Rate | Qty Amount Rate Qty Amount
No. (Rs. In
crores) ..
1.0 Land +
1.1 | (a) land for alignment and ‘
stations
Govt. |Ha 5.00 0.49 2.44 5.00 0.49 2.45
Land
Pt Ha 12.90 4.09 52.78 30.00 4.09 122.70
Land t
(b) Land for Depot Pvt. |Ha. 15.05 1.00 15.05 15.05 1.00 15.05
Land '
(c) Land for Ha. 3.10 4.00 12.38 3.10 4.00 12.406
construction Depot
(on lease for four years) ‘
Sub Total (1) 82.66 152.60
2.0 Alignment and
Formation
2.1 Elevated section
including viaduct length R. 3.77 122.84 31.50 3.77 118.76
in stations Km | 32.55
Sub Total (2) 122.84 118.76
3.0 Station Buildings *
3.1 Elevated Stations
a Type (A) Way side Each 14.15 2 28.30 30.60 2 61.20 @
b Type (¢ )Terminal & Each 16.97 1 16.97 34.20 34.20
Junction ' #
C Architectural finishing Each 4.00 12.00 ;
3
Sub Total (3) 57.27 95.40
4.0 E & M Works }
4.1 Elevated Stations
c Type (A) Way side - E Each 6.47 2 12.94 6.47 2 12.94
& M works
d Type (c) Terminal & Each 6.47 1 6.47 6.47 1 6.47
Junction —
E & M works
Sub Total (4) 19.41 19,411
5.0 Stabling Depot at b
Anjanapura with
washing facilities
Civil Works 18.00 18.00
E & M Works 12.00 12.00 i@
Sub Total (5) 30.00 30.00
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E 6.0 Permanent Way
6.1 Ballastless track for R. 6.42 3.77 24.23 6.42 3.77 24.20
elevated Section Kim
#6.2 Ballasted track for R. 2.00 2.00 4.00 2.00 2.00 4.00
sidings etc. in Depot Km
® Sub Total (6) 28.23 28.20
47.0 Traction & Power
Supply
‘7.1 Traction & Power
supply including OHE,
4 ASS etc.
#7.1.1 Elevated station R. 9.36 3.77 35.32 9.36 3.77 35.29
Km
# Sub Total (7) 3532 35.29
*8.0 Signaling and
Telecom
@s.1 Signaling RKm | 8.02 3.77 30.27 9.89 3.77 37.29
‘s.z Telecom Each 2.76 3.00 8.28 5.04 3.00 15.12
Stn.
#8.3 Automatic fare
collection
@831 | Elevated Stations Each | 293 3.00 .8.79 293 3.00 8.79
Sub Total (8) 47.34 61.20
9.0 R & R including LS 11.00 11.00
Hutments and road
restoration etc
@ Sub Total (9) 11.00 11.00
i 10.1 | Misc. Utilities, other R.Km 3.12 3.7 11.77 3.12 3.77 11.76
civil works such as
median, road signals
etc.
@ 10.2 | Electrical Utilities LS 11.00 6.00
#10.3 Telecom Utilities LS 1.70 1.70
Sub Total (10) 24.47 19.46
Q 11.0 | Rolling Stock (SG) Each 10.40 9.00 93.60 9.50 21 199.50
Sub Total (11) 93.60 199.50
12.1 | Barracks for CISF LS 1.25 1.25
including Security
equipments
12.2 | Staff Quarters for O & | LS 5.50 19.00
M
Sub Total (12) 6.75 20.25
@ 13.0 | Total of all items 476.24 638.47
i' except Land
14.0 | General Charges incl. 23.81 31.92
Design charges @ 5%
on all items except land
[
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The East West & North South Corridor Bengaluru Phase-ll Metro is proposed to be
constructed with an estimated cost of Rs 5505 Crore at July 2010 price level without taxes but

including land cost. The estimated cost with taxes is Rs. 6361 crore.

Bangalore Metro Phase-Il DPR (four extensions)

July 2011

Page 32 of 35

15.0 | Total of all items 500.05 670.39
including General
charges
16.0 | Total of Cost inclusive 582.71 822.9
land cost
17.0 | Contingencies @ 3% 17.48 24.69
18.0 | Gross Total 600.19 847.68?
®
®
ABSTRACT OF COST ESTIMATE FOR FOUR EXTENSIONS
) : . : ®
(inclusive of land cost for alignment & Stations)
®
As per DPR As per BMRCL o
Cost Details of | TOTAL Cost Details | TOTAL o
SIL o excluding taxes & inRs. | excludin | of taxes in Rs.
D
No. escription taxes & Duties Rs. | Crores | gtaxes & | & Duties | Crores ®
Duties Rs. Crores Duties Rs.
Crores Rs. Crores ®
Crores
®
inal
! | Mysore Road Termina 1146.64 182.00 | 1328.64 | 1340.84 | 207.00 | 154784 | @
Kengeri
®
2 | Baiyyappanahalli — ITPL —
White field 2820.24 444.000 3264.24 | 3483.59 532 4015.59 )
3 | Puttenahalli Cross — o
Anjanapura Township (up to 937.81 142.00 1079.81 | 1272.97 193.00 1465.97 o
NICE Road crossing) ®
4 | Hesaraghatta Cross - BIEC 600.19 88.00 688.19 847.68 117.00 964.68 o
GRAND TOTAL 5504.88 856.00 6360.88 | 6945.08 1049.00 | 7994.08 ®
Say Rs.6361 Crores Say Rs.7994.08 Crores ®
®
®
0.13 FINANCIAL ANALYSIS AND FINANCING PLAN ®
®
®
®
®
o
®
®
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Year wise Investment-With Central Taxes — As per DPR

Financial Year Estimated Cost Completion Cost
2012-13 823.00 895.00
2013-14 1379.00 1587.00
2014-15 1391.00 1733.00
2015-16 1113.00 1456.00
2016-17 556.00 763.00
2017-18 556.00 802.00

_ 2018-19 278.00 421.00
Total 6096.00 7657.00

Year wise Investment-With Central Taxes — As per BMRCL

Financial Year Estimated Cost Completion Cost
2012-13 1036.87 1127.32
2013-14 1737.33 1999.37
2014-15 1752.71 2183.65
2015-16 1402.48 1834.66
2016-17 700.48 961.24
2017-18 700.48 1010.40
2018-19 350.23 530.41

Total 7680.58 9647.05

Financing Plan: -

The four extensions for Bangalore Metro Phase-II should be basically funded on the
same pattern as Phase-| of Bangalore Metro. Accordingly, the funding mode as
recommended is tabulated as under: -

Particulars Government of India Go'\(/:rrrr::t\::; of Total

% Rs/Crore % Rs/Crore % Rs/Crore
Eq“'ty by GOl & GO 540, | 153200 | 20% | 1532.00 | 40% | 3064.00
arnataka
ED for land cost by GO 4, 0.00 7% 533.00 7% 533.00
arnataka
Additional SD for Central
Taxes by GOI (80%) & GO 8% 594.00 2% 148.00 10% 742.00
Karnataka (20%)
JICA Loan @ 1.40%
PA/Market Borrowing  43% 3318.00 0% 0.00 43% 3318.00
@12% PA
Total 71.00% 5444.00 29.00% | 2213.00 | 100.00% | 7657.00
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Financial Internal Rate of Return (FIRR)
The FIRR with Central taxes only is given below:

Completion Cost Completion Cost
Particulars With Central With Central Taxes
Taxes (Without (With Additional PD
additional PD) income from 15 Ha.)
FIRR (%) -3.10% 2.23%

0.14 ECONOMIC ANALYSIS
Implementation of the proposed four extensions 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.

Sl. No. | Parameter Value
1 EIRR (%) 16%

0.15 IMPLEMENTATION STRATEGY AND PROJECT IMPLEMENTATION

The project is to be implemented as Phase-Il for Bangalore Metro in the extended
time frame i.e. by March 2016. However these sections get priority as these are the
extensions to the on going Phase-l E-W and N-S lines of Phase-| and cater for the
outskirt traffic to/fro the city center.

A suggested project implementation schedule is given below. The proposed date of

commissioning of the section with suggested dates of important milestones is given in
below.

Implementation Schedule

S. No. item of Work Completion Date
1 Date of Submission of Final DPR to Karnataka D
' State Government
2. Approval of DPR by Karnataka State Government D+ 6 Months
3. Approval of DPR by Central Government D+ 12 Months
4 Appointment of Interim Consultant for preliminary D+ 6 Months
works
5. Appointment of General Consultant D+ 18 Months
Tendering, execution of works and procurement
6. of equipment, coaches and D+60 Months
installations
D+62 Months
7. Testing and Commissioning
, From D+63 Month
8. Revenue Operation
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 34 of 35
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*D : Date of submission of Final DPR
0.16 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 extension to Phase-I.

* Kk Kk Kk K
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CHAPTER 1

INTRODUCTION

1.0 INTRODUCTION

1.1 Phase -1 Corridors

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

corridors:

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

18.10 km.

(i) 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. | Yashwantpur to R V Road 14.900 15 (12 elevated &
3 underground)
3. | RV Road (excl) to 03.665 03 (all elevated)
Puttenahalli Cross
TOTAL 24.165 24 (21 elevated &

3 underground)

Bangalore Metro Phase-Il DPR (four extensions)

July 2011
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Chapter 1 - Introduction

Table 1.2
LIST OF STATIONS ON NORTH-SOUTH CORRIDOR IN PH-I
(Presently under implementation)

S. No C/L Chainage | Inter
NAME of station (in Station
m) 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 v 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 R V 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 [Inter Station
NAME of station (in |Distance (in
m) 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
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 2 of 32
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Chapter 1 - introduction

7 |City Railway Station 6755 1155
8 [Majestic 7503 748
9 |Central College 8697 1194
10 |Vidhan Soudha 9318 621
11 |Cricket Stadium 10643 1325
12 |M G Road 11380 737
13 |[Trinity Circle 12522 1142
14 |Ulsoor 13725 1203
15 |CMH Road 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 inclusion in Phase-ll 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 Exhibition 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
(IIMB) 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-I Metro Corridors and approved Phase-ll Corridors of Bangalore Metro are
shown in Fig 1.1.

1.21 The LT 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. Hence, in fitness of things this Metro line from RV Road Terminal to Electronic
City has been studied and proposed as an extension of N-S Metro line of Phase — |
towards South — East with provision for extension up to Bommasandra Industrial area
in future. DPR for the same was submitted in May 2010.

1.2.2 This Report is being prepared for the following extensions of the East-West Line and
North -South Line of Phase-l in both directions. (four extensions).

Bangalore Metro Phase-1l DPR (four extensions) July 2011
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Sl. No Extension of Phase -l Corridors in Phase-ll Length (Km)

. Extension of E-W line from Mysore Road to Kengeri — Future

i. . 6.465

Station

ii. Extension of E-W line from Baiyappanhalli to ITPL - Whitefield 15.50

iii. Extension of N-S line from Puttenahalli to Anjanapura Township 6.29

iv. Extension of N-S line from Hesarghatta Cross to BIEC 3.77
TOTAL 32.025

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
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.

(i) Extension of Phase - | E-W line on the East side from Baiyappanhalli 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-I E-W line is almost doubled by the extension of this
line up to ITPL/Whitefield. Therefore the necessity of extension of Baiyappanhalli to
ITPL/Whitefield.

(iii) 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-Il the same line is proposed for extension up to 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).

Bangalore Metro Phase-II DPR (four extensions) July 2011 Page 4 of 32
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(iv) Extension of Phase — | N-S line on north side from Hesarghatta Cross to
Bangalore International Exhibition Center (BIEC)

The Phase-I N-S line is already under construction up to Hesarghatta 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-l N-S line on the Northern side to BIEC.

1.23

1.3  This Report is structured in 16 Chapters as below:

Chapter - 1 INTRODUCTION

Chapter - 2 TRAFFIC DEMAND ANALYSIS

Chapter - 3 PLANNING & DESIGN ARAMETERS

Chapter - 4 CIVIL ENGINEERING WORKS

Chapter - 5 TRAIN OPERATION PLAN

Chapter - 6 ROLLING STOCK

Chapter - 7 POWER SUPPLY SYSTEM

Chapter - 8 SIGNALLING SYSTEM

Chapter - 9 'II:’ELECOMMUNlCATION & AUTOMTIC

ARE COLLECTION SYSTEM

Chapter - 10 TRAIN MAINTENANCE DEPOT

Chapter - 11 igl\S/IIEOSRéIRJAI\érE\:}JrT & SOCIAL IMPACT

Chapter - 12 COST ESTIMATES

Chapter - 13 FINANCIAL VIABILITY, FARE
STRUCTURE & FINANCING OPTIONS

Chapter - 14 ECONOMICAL INTERNAL RATE OF
RETURN

Chapter - 15 IMPLEMENTATION PLAN

Chapter - 16 CONCLUSIONS

Draft Detailed Project Report (DPR) for IIM(B) - Nagavara (North-South Line) as
approved in Phase-ll is already submitted in May 2011.

The gist of the chapters is provided in Executive Summary and Salient Features placed in
the beginning of report..

Bangalore Metro Phase-Il DPR (four extensions) July 2011
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1.4 This DPR has been prepared subsequent to the remarks of BMRCL put up at annexure
Il to this chapter. The DPR, now includes only one option i.e. extension of East West
Corridor from Baiyappanhalli to Whitefield and North —=South corridor as given in the
earlier DPR.

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 6 of 32
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LN
B ASAILAM. 148 N O Bangalore Metro Rail Corporation Ltd.
ﬂqmg Diractor mets O’{ ) {A Joint Venture of Govt. of India & Govt. of Karnataka)
: 39 Floor, BMTC Complex. K.H. Road,
Shanthinagar. Bangalore ~ 560 027, INDIA
Phone: 080-2296 9202, 2296 9203, Fax: 2285 9204
Web - www barc.coin e-mail : md@bmec.co.in

No. BMRCU/MD/PS/09-10/2 48
March 25, 2010

5 Of g. Sreedharan

mnaging Director
peihi Metro Rait Corporation Ltd.
Metro Bhawan, 13, Fire Brigade Lane

rakhamba Road

:‘mw Delhi-110 001,

: Respected Sir,
‘gub: Bangalore Metro Rail Project Phase-li — Preparation of DPRs —- Reg

b

'?Endosed please find a copy of the Extract of the Proceedings further to the 8" High
power Committee Meeting held under the Chairmanship of Chief Secretary, Govt. of
Kamataka, on 20" March 2010 on the above subject, for your information. The HPC has

deared the proposal for preparation of DPRs in respect of following lines :

SL" Alignment Lenglti::f the

1. | Extension of EW line: -Mysore Road Terminal to Kengeri 6.10 KMs

2. | Extension of EW Line: -Baiyappanahalli to ITPL -Whitefield 15.50 KMs

3. | Extension of NS Line: Hesaraghatta Cross to Bangalore 4.00 KMs
Intemational Exhibition Centre (BIEC) :

4. | Extension of NS Line: - Puttenahalli Cross to Anjanapura 6.00 KMs

; Township (Upto NICE Road) :

5. | New Line — NS Line: - Indian Institute of Management,
Bangalore (Meenakshi Temple on Bannerghatta Road) to 18.8 KMs
Nagavara

‘. therefore, request you to kindly forward the DPRs within the next 2 months positively to
‘enable its consideration by the Government of Karnataka and the Govt. of India.
 With kind regards,

Yours sincerely,
LA R SN PPNy DA s

(N. SIVASAILAM)
Encls. Extract of 8% HPC Minutes - 4 pages.

Bangalore Metro Phase-il DPR (four extensions) July 2011 Page 7 of 32
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Bondnd: s GUT AN doHw

* (BERh3T - 3ITeFRE NBFT Terin 107 IWHCT :r\::‘._,':a)
Do o, 3l DT, foriyf TEoToFnd o3, T2OSINY, Bor¥ATs ~ 360 027, 3T
Bangalore Metro Rail Corporation Ltd.
(A Joint Venture of Government of Karnataka & Government of India)
B M T.C Complex, 3rd Floor, K.H. Road, Shanthinagar, Bangalors - 566 027. INDIA
NO,BMRCLIEO/HPC/ZOXO-H May 14, 2010

Sir,

sub: Proceedings of the 2" supplementary meeting to the 8% High Power
Committee meeting held on 6™ May, 2010,

Kindly find enclosed copy of the Proceedings of the 2™ supplementary meeting to the 8" High
power Committee meeting held on 6™ May, 2010 at 11:00 A.M. under the Chairmanship of the
Chief Secretary to Govt., GoK, at Committee Room No.313, Vidhana Soudha, Bangalore.

Thanking you,

Yours faithfully,
For Bangalore Metro Rail Corporation Limited,

Iy B .
N e
(Anil BT Shedbal)
Company Secretary & General Manager

Encl: Copy of the Proceadings of the
2™ Supplementary meeting to the
8" HPC meeting

Additionatl Chief Secretary ta Govt., Urban Development Department, Vikasa Soudha, Bangatore.
Principal Secretary to Gowt., Finance Department, Vidhana Soudha, Bangalore.

Principal Secretary to Gowvi.. Public Works Deparntiment, Vikasa Soudha, Bangalore.

Principal Secretary to Govt,, Transport Department, M.S. Building, Bangalore.

Sri M.Mohsin, Additional Secretary, Urban Development Department, Vikasa Soudha, Bangalore.
Metropolitan Commissioner, Bangalore Metropolitan Region Development Autherity, Bangalore.
Commissioner, Bangalore Development Authority, T. Chowdaian Road, Kumarapark West.
Bangalore-560 020.

Commissioner, Bruhat Bangalore Mahanagara Palike, Bangalore.

Additional Commissioner of Police (Traffic), Shivajinagar, Bangalore.

10) Sri S.N. Venkata Rao, Advisor, Delhi Metro Rail Corporation Ltd., No.4A, ‘Bharath Apartments’,
Fairfield Layout, Race Course Road, Bangalore-560 001.

n.R.Gopinathan Nair, Project Director, Delhi Metro Rail Corporation Ltd., Nc.4A, ‘Bharath
Apartments’, Fairfield Layout, Race Course Road, Bangalore-560 001.

12) Managing Director, BMTC.

13) Managing Director, BARL.

14) Director, Town Planning, Bangalore.

15) Director, DULT, Bangalore.

16) Sri M Shivakumara Swamy, Dy. Secretary, Iafrastructure Development Department, Vikasa
Soudha, Bangalore.

17} Sri T.Parvatessam, Mgr(T), National Highways Authority of India, (Ministry of Shipping, Road.
Transport & Righways), Project Implementation Unit, #52, 5% Cross, 38" Main, 8TM 2™ Stage.
Bangaiore-550 068

18) Sri K.S. Vishwanath. Chief Traffic Manager (Operations), BMTC, Bangaiore.

18) PS to the Chiat Secretary, Govt. of Karnataka, Vidhana Soudha, Bangatore.

+31-(0)80.2296 9222 F-mal bmrat weww bemte oo
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¢ QCEEDINGS OF THE 2" SUPPLEMENTARY MEETING TO THE 8" HIGH
R ER COMMITTEE MEETING HELD ON € 6" MAY 2010 AT 11.00 AM UNDER THE
?M AMANSHIP OF CHIEF SECRETARY TO GOVERNMENT OF KARNATAKA iN
ggg‘mmgg 5 OF CHIEF BECRETARY, VIDHANA SOUDHA, BANGALOARE.

gﬁ&iﬁﬁpg PRESENT. As mentioned in the Annexure.

fre Chief Secretary wealcomed all the members present in the meeting and thanked all
& attending the meeting at short notice.

The Mg seting is in continuation of the &% HPC held on 17.2.2010 wherein ths alignmeant
om RV Road ~ BTM Layout and Central Silk Board — Hosur Road - Electronic City —

: mmmasandra Industrial Area was prosented with a requast seeking the ass sistance of

“ma State Government 10 approach NHAI for facilitating construction of Matre line on

porlals Ovar s service road of the existing Highway on Hosur Road. During the

wasting it was suggested that since Flectronic City has airesdy baan connedt
wih the present elevated expressway, the alignment to Electronic City via Bannerghatia
Road {(IMB) — Jigani Industrial Area - Bormmasandra industrial Area — Elsctronic City

may be explored, 3o that the commuters of Jigani and Bommasandra Industrial areas

can utilise Meiro Rail besides commuters of Electronic City,
Elactronic City was defarrad o a later date Yor detailed discussion after consideration of

ssnnsiions made in the mesting.  The matter has been examined in delall The

2500
shgnment along Bannerghatia road to Electionic City via DLF anclave and vig Jigani &
Bommasandra is not viable on account of poor ridership to Bommasandra and becomes

Blectronic City 2 circuitous route with poor rider preference. involving raversing a
distance of additional 20 Kms & 25 Kms. respectively from HIM-B on Bannerghatta Road

méking tMatro an unviable aption both on distancs travelled and travel time critaria,

Another glionment considered is from Bannerghatta { Mesnakshi Temple) © the
backside of Eiectronic Cily. Here the patrons in Electronic Cily  have to walk a
Bangalore Metro Phase-1l DPR (four extensions) July 2011 Page 9 of 32
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distance to reach Metro Station at Electronic City thereby making it a Iéss preg
option to more comfortable and efficient options. The alignment passes throug
that are presently under intermittent development along a length of about 6 r
while about 3 to 4 kms (in multiple stretches) would pass through lands wit ég
ridership potential, in the short and medium term upto 15 years. Further the .

reaches the rear of the Electronic City without offering much potential to take it .
Bommasandra Industrial Area and beyond and the alignment would therefore é
optimal alignment.  MD, BMRCL, informed that he has held extensive discussio 9]
representatives of ELCIA (representing with other industry associations) who ha

. expressed the view that the alignment to Electronic City via Hosur Road will be

appropriate.

i o

The alignment from Bannerghatta (Meenakshi temple) to Jigani is not viable in j‘;
to medium term and hence not recommended. Hence, as suggested by DMR;
Metro Rail alignment on Hosur Road from Central Silk Board junction to Bomma; ’
Industrial area and beyond is feasible both in the short and long run. The cons

is feasible, the economics very favourable and the only issue is administrative

(NOC) from institutions having existing Right of Way.

The issue for consideration is the location of the Viaduct of the alignment over the :
service road in Hosur Road. The contention of NHAI representative is that the
may run beyond the service road rather than over it so that NHAI right of way %'
© service road is not affected. This contention has been considered in the -
setting. The proposal to locate the Viaduct over the service road is on accounf
fact that land acquisition beyond the service road is practically not feasible sin

involve demolition of a large number of properties over a continuous distance of

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 10 of 32
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o valued presently at over Rs. 3000 Crores making the project and facility unviable
any road or rail infrastructure project. it was further contended by NHAI
esentative that the NHAI right of way is affected during construction but the service
4 will be operational with a limited width. This is correct because a portion of the
\;wjoe road only has to be closed during construction. This is unavoidable. However,
boonstruction over the service road does not affect NHAI right of way over it (road
surface) except that the road width will be reduced to 3.5 M from the present 7.5 M
wmg construction allowing one lane traffic against two lane presently. The service
road on the other side of the NHAI corridor will be totally without any disturbance.
u&he;, the utility duct on either side of the service road will not be affected. The Metro
F lignment will cater to developments all along Hosur Road while the Road expressway
rinthe 88 aters to Electronic City only.

- Principal Secretary, Finance Department, enquired about the ridership in the alignment
{0 Electronic City via Bannerghatta. It was explained that the alignment passes through
areas that are presently under intermittent development along a length of about 6 to 7
" kms while for about 3 to 4 kms (in multiple stretches) it would pass through lands
without any ridership potential, in the short and medium term. it is estimated that the

ship on the Metro to Electronic City via Central Silk Board Junction and Hosur

oad will be around 2 lakhs per day which will further increase later.

;'P!n;ricipal Secretary, PWD, pointed out that when large investments of about Rs.900
Crores has been made for the road expressway which has reduced the travel time to
. Electronic City to about 10 minutes, further investment for providing Metro connectivity
0 Electronic City needs to be viewed in the light of above. However, he mentionsd that

there is no better alternative to the proposed alignment via Hosur Road to reach

-
>
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!
.Bommasandra & beyond effectively. The Chief General Manager (T) of NHAI expp;
k ’ i

the opinion that the NHAI Concessionaire will be affected by the devek;pm(-:ant,%i

BMRCL, clarified that there is no stipulation in the Expressway agreement regard

allowing other parallel developments during the concession period.

Commissioner, BDA, dpined that the Metro alignment along Hosur Road to El
City, Bommasandra and beyond in future helps development of the nearby

in view of metro stations all along the alignment.

Mr. Gopinathan Nair, Project Director, DMRC, informed that while the NHAI expre3
caters to Electronic City only, Metro will have 9 metro stations before oa;
Electronic City and will cater to substantial developments from and before RV .

Electronic City — Bommasandra and beyond.

MD, BMRCL, stated that the present proposal is for preparation of
Bommasandra Industrial Area covering Electronic City, with further scope for
to other areas in future. The construction work may be taken up in phase§
Electronic City in the first stage, then upto Bommasandra Industrial Area in the

stage and so on, depending on funds availability.

MD, BMTC, apprehended that with the proposed Metro alignment a!ong Hosur .
Electronic City, the eamings of BMTC buses running to Electronic City .'f',;
substantially reduced. Chief Secretary stated that in view of large devetopmenté
area creating huge ridership in the route, both BMTC and Metro Rail services n‘
viable and bus services will only increase to cater to increased demand

Hence, there is no need for any apprehension of overall revenue loss to BMTC '\ ,

rail services are provided in this stretch.

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 12 of 32
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of detailed deliberations taking the opinions and suggestions of all the Members

¢ and taking into consideration the overall’ development of Electronic City,
masandra Industrial Area and surrounding areas, it was felt that there is a
= assity of providing Metro Rail services to these areas to cater to the demand for a

quick and efficient service to the concerned areas.

Chief Secretary finally summarized up the discussions as follows:

{a) The proposed Metro alignment from RV Road — BTM Layout and Centfral Silk
Board — Hosur Road ~ Electronic City ~ Bommasandra Industrial Area will cater
to the transport requirement of commuters of these areas besides covering the
future development of Electronic City and Bommasandra industrial Areas and
beyond.

(b) it will help develop the areas all along the Metro alignment substantially.

{c) In the long run, Bangalore City will require all modes of transportation such as .
Road transport, Expressway, Metro rail connedlivity etc., when we look at the
speed at which the developments are taking place. The construction over the
service road is the only cost effective feasible altemative without impairing NHAI
Right of way, temporary curtailment of it duning construction, notwithstanding.

ity wikg {(d) During construction of Metro alignment, inconvenience to the public must be kept

to minimum and the project authorities shall take steps to that effect. .

¥ E With the above observations, HPC approved the Metro alignment from RV Road —
din M

#8 BTM Layout and Central Silk Board — Hosur Road - Electronic City -
Bommasandra Industrial Area and to take up alignment from Central Sitk Board

unction to Electronic City and beyond upto Bommasandra industrial Area at this

tage over the service road of NHAI on Hosur Road to avoid large scale

5
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acquisition of land and demolition of properties. Further HPC authorised :g
to go ahead with preparation of DPR from RV Road to Bommasandra Ind
Area. Further, the State Government will write to NHAI to seek their
for construction of Metro line on the westem side above the service road 5\

on Hosur Road.

Meseting concluded with vote of thanks from the Chair.

FRING Y
{S.V.RANGANATH)
CHIEF SECRETARY TO GOVERNMA

[
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Chapter 1 - Introduction

36 44256 46519 47933 1442 1471 1471
37 48869 52399 54534 8739 16387 19587
38 53054 56887 59203 11023 19116 22850
39 47989 51456 53552 9186 10147 10351
40 67364 72951 75922 8444 9327 9515
41 26193 28365 29520 13750 20678 21095
42 18664 20212 21035 10337 16909 17250
43 48530 52556 54696 18870 27667 30562
44 32816 36974 40041 3734 4552 5549
45 61873 65687 68362 23251 29665 30567
46 51685 55972 58251 1922 2297 2621
47 66222 71336 74242 4889 5012 5114
48 48503 52214 54341 7049 7228 7373
49 45111 47418 48859 1661 1703 1737
50 45005 47306 48745 16461 21973 21973
51 39391 414006 43092 12701 20508 23801
52 10464 10999 11447 2932 3271 3337
53 39365 41378 43063 8252 92006 9392
54 49117 51629 53732 7619 14494 16170
55 18308 19437 20229 9971 10585 10692
56 19834 21057 21914 5832 11468 11583
57 47216 49630 51652 17921 26566 29345
58 42645 44826 46189 5269 6115 6755
59 68685 72198 74393 7142 13512 13785
60 98788 103840 106998 17052 25557 29660
61 134381 142665 147003 61368 74743 75494
62 104379 113036 116473 5583 11203 11316
63 76407 80315 82757 56531 65292 65948
64 46940 49341 50841 31059 38250 38635
65 41393 43945 45281 8185 13966 14107
66 47005 49903 51421 5103 11540 13392
67 47241 50153 51678 950 1111 1266
68 14832 15591 16065 2530 2685 2712
69 19991 21224 22088 5131 5394 5448
70 29664 31493 32776 6787 7206 7278
71 33968 36062 37530 7766 13521 13657
72 24597 26114 27177 9222 9791 9889
73 75457 80109 83371 16866 25342 28979
74 26502 28417 29574 5093 5911 6759
75 37622 41558 43251 12992 21896 22338
76 32025 35376 36817 11942 21024 24399
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77 16855 18619 19377 6065 7539 8750
78 33052 36510 37997 7692 13577 13851
79 21761 24518 26030 8395 10034 11474
80 16468 19609 21235 17441 25251 25761
81 20585 24606 26646 11325 18359 18730
82 49011 54139 56625 1088 1132 1167
83 62271 68785 71944 990 1030 1061
84 41476 44916 46745 14583 20349 20554
85 47581 51528 53627 2597 2703 2785
86 54092 59751 60623 10446 18427 20967
87 51570 58103 60470 43153 57522 62753
88 48561 54713 56942 3281 3922 4041
89 6464 7140 7431 3443 4116 4776
90 4845 5352 5570 3353 4007 4651
91 19865 21943 22837 731 807 937
92 16473 18197 18938 831 874 909
93 22240 24084 25065 23592 30023 30324
94 21367 22911 23844 24478 35200 40251
95 20181 21855 227745 12592 18645 19021
96 10243 10874 11317 5785 12118 13385
97 4756 5049 5254 3531 3979 4395
98 2329 2522 2624 1649 1751 1769
99 388 420 437 275 292 295
100 8856 9591 9981 6598 7005 7076
101 15649 17631 18350 9101 14938 15240
102 9742 10342 10657 7258 7706 7861
103 11070 11752 12110 6461 12136 12136
104 18560 19705 20304 5738 10979 10979
105 19712 20928 21564 15363 20847 20847
106 42670 46209 47614 6827 7248 7394
107 24193 26199 27266 927 985 1005
108 23244 25172 25937 914 1056 1214
109 39894 43203 44517 4874 5686 6483
110 64354 72507 76977 50238 64072 64393
111 40965 46155 48516 53738 68133 68474
112 44752 50422 53000 11734 18090 18455
113 23669 25632 26676 6480 12400 12650
114 24138 26140 27205 6301 12206 12452
115 72385 81556 85726 8973 15099 15404
116 10031 11302 11880 8764 9490 9682
117 7022 7911 8316 6771 7333 7481
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118 8359 9418 9900 6595 7142 7287
119 8025 9041 9504 5199 5575 5687
120 23167 26103 27437 5292 11335 11564
121 18955 20527 21363 7484 8267 8433
122 51935 56242 58533 2680 2960 3020
123 50316 54490 56709 5992 6619 6753
124 47430 51364 53456 9594 10598 10704
125 61672 66787 69507 9792 10817 10925
126 72810 78849 82060 14213 15240 15393
127 100977 109352 113806 11064 12078 12200
128 96873 107087 114349 12225 13672 13809
129 45492 49265 51272 1799 1987 2027
130 20733 22453 23368 946 1045 1066
131 17592 19051 19827 803 886 904
132 24503 26014 27073 1880 2016 2056
133 17133 18190 18930 2161 2387 2435
134 8567 9277 9655 602 665 679
135 6620 7169 7461 556 596 608
136 2726 2952 3103 7376 13638 13913
137 3894 4217 4433 14605 21623 22059
138 66923 72474 75425 18122 24761 25010
139 220051 325729 437753 107596 136643 206535
140 318570 416281 507444 40477 43301 72761
141 263755 398923 536119 32158 40534 76575
142 229520 356438 507669 68383 86638 133892
143 19511 30300 43156 65815 83949 124524
144 28985 45013 64112 1478 2295 3237
145 163268 266069 413197 47620 52788 78506
146 33450 51946 80671 245 363 487
147 51810 80459 115708 36375 35583 52709
148 33913 52666 77928 251 372 524
149 29241 45411 70521 6257 6002 10414
150 44138 68545 106448 9177 11689 21699
151 50157 77892 120963 10429 12177 19124
152 76238 118395 183864 15852 13685 25145
153 42629 66202 102916 88270 127402 164660
154 42853 69803 113701 10173 11799 18591
155 132844 216389 352474 31758 40506 67500
156 38568 62823 102331 9377 12014 22228
157 45777 71090 115798 25722 23638 48596
158 93012 151507 235286 71347 85351 159212
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159 38755 63128 98036 29797 30276 52193
160 23253 37877 58821 18109 26237 26157
161 26226 42719 66342 50013 59409 84729
162 32054 52213 81085 64760 82310 115506
163 33128 53962 83801 253 375 504
164 35317 56711 88071 19853 30652 35587
165 46764 75092 116615 24949 24357 49767
166 58455 93865 145769 31186 35011 67121
167 51440 82601 128277 27444 28619 56709
168 42087 68556 106465 23595 20174 40036
169 78648 128109 200861 175864 289411 438336
170 68292 111240 172752 6884 8499 15609
171 360659 540899 839999 73701 91673 170482
172 18350 29890 51056 24548 36727 45482
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CHAPTER 2

TRAFFIC FORECAST
21  TRAVEL CHARACTERISTICS
2.1.1. General

The Bengaluru Metro Phase-I presently under implementation comprises of two
corridors covering 42.30 Km network as below.

(i) East-West Corridor from Baiyapanhalli to Mysore Road — 18.10 km.
(i) North-South Corridor from Hesaraghatta to Puttenahalli —24.20 km.

Total 42.30 Km
Now in the DPR for the Phase-Il, the south end of N-S corridor is being proposed for

extension from Puttenahalli Cross to Anjanapura Township (Nice Road x-ing) along
the Kanakapura Road and north end from Hessarghatta cross to Bangalore
International Exhibition Center (BIEC) on Tumkur Road (NH-4). The E-W corridor is
being proposed for extension in the west direction from Mysore Road Terminal to
Kengeri along the Mysore Road and in east direction from Baiyyappanahalli to
Whitefield.

This Chapter covers the transport demand projections for extension of East —\West
Corridor and North — South Corridors on both sides as given below are and shown in
Figure 2.1:

Extension of E-W and N-S Corridors of Phasse-l in both directions (four
Extensions)

Length

SI. No. | Metro Extension in Phase-l (Km)

(1) West side extension of E-W line from Mysore Road to Kengeri 6.465

(i) East side extension of E-W line from Baiyyappanahalli to 15.50

Whitefield :
South side extension of N-S line from Puttenahalli to
(iii) Ani 6.29
njanapura
: North side extension of N-S line from Hesaraghatta Cross to
iv) | gEC 3.77

TOTAL 32.65

Bangalore Metro Phase-Il DPR (four extensions) November 2010  Page 1 of 44
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2.1.2. Transport Demand Modelling

2.1.3

Data Base

Detailed household surveys and various traffic surveys were carried out during the
DPR study. A travel demand model was developed and the future OD- Matrices
based on the projected population and employment were developed.

The network for the transport demand model including the metro alignments has
been developed from the primary database.

The four stage Transport Demand Model involving Trip Generation, Trip distribution,
Modal Split and Assignment has been adopted for this study.

The basic functions included in the transportation study process are:

 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.

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

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

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

e 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 Figure2.3.

Zoning

The entire study area has been delineated into 182 zones as shown in Figure 2.1.
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 1.1.
Summary of population projection and employment projection is presented in the
Table2.1.

Table2.1 Population and Employment projection

2008 2011 2021 2031
Population(in lakhs) 73.99 80.15 99.68 123.11
Employment(in lakhs) 26.64 29.26 37.88 48.01

These figures are based on the Census (2001) and projected for future with
reference to City development plan and revised structural plan 2031.

Bangalore Metro Phase-li DPR (four extensions) July 2011 Page 3 of 44
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About 11 Lakhs vehicles were plying on Bangalore roads in 1998 and it was 31
Lakhs in the year 2008. The annual rate of growth of motor vehicle population in
Bangalore has been about 10% per year during the decade (1998-2008). The growth
of two wheelers, cars/jeep/taxi and others are shown below. It is seen that two
wheelers are growing faster than cars/jeep/taxi.

The number of Motor Vehicles registered in Bangalore is presented in Table2.2.
Table2.2 Vehicle Registration Data (1998-2008)

2500

—4—Two Wheelers

/__.

2000

—&— Car/Jeep/Taxi

/

1500

—s—QOthers /

1000

—

wu
o
o

Registered vehicles in Thousands

e——

—

o

T T T T T T T T T
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Year

Growth of Vehicles in Bangalore

NS(;_ Years WtL v;?er . WI\::;S Cars | Jeeps | Taxies | Buses | Trucks | Tractors | Trailers hé:’é' Others | Total

1 | 1998 | 892674 54689 | 160869 | 6676 | 5144 | 15832 | 34708 5357 4822 | 3195 | 12474 | 1196440
2 | 1999 | 971518 57304 | 178495 | 6800 | 5523 | 17701 | 36522 5713 5143 | 3698 | 17026 | 1305443
3 | 2000 | 1067430 | 61424 | 201052 | 6827 | 6299 | 20656 | 41887 6158 5544 | 4238 | 16542 | 1438057
4 | 2001 | 1162111 64001 | 221508 | 6934 | 7062 | 22841 | 47683 6743 6100 | 4723 | 16436 | 1566142
5 | 2002 | 1292228 | 67778 | 245893 | 7091 | 7974 | 24989 | 53424 7681 6873 | 5270 | 19728 | 1738929
6 | 2003 | 1419396 | 72107 | 269648 | 7434 | 9444 | 28262 | 59150 8723 7359 | 7219 | 23599 | 1912341
7 | 2004 | 1586397 | 74357 | 314931 [ 7991 | 13132 | 34271 | 68186 | 10481 9456 | 10458 | 27820 [ 2157480
8 | 2005 | 1811361 80432 | 359580 | 11012 | 16484 [ 36888 | 84571 [ 11994 | 11023 | 12659 | 31266 | 2467270
9 | 2006 | 2074306 | 90934 | 426394 | 7587 | 20025 | 39162 [ 91699 | 18564 | 10699 | 16100 | 45682 | 2841152
10 | 2007 | 2232371 95029 | 490982 | 7609 | 28223 | 48159 | 109761 | 19646 | 11670 | 18017 | 45197 | 3106664
11 | 2008" | 2263552 | 95859 | 515109 | 7272 | 30940 | 50096 | 109051 | 19151 [ 11779 | 18653 | 52668 | 3174130

(Source: Regional Transport Office)

2.1.5 Trip Information

Bangalore Metro Phase-Il DPR (four extensions)

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

Table2.3 and base year mode share is shown in Figure. 2.3.

July 2011 Page 4 of 44
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Table2.3 Distribution of Motorised Trips

Sl. No Mode e SRR ol i
1 Two-wheeler 1301232 59792 1361024
2 Car 588024 64256 652280
3 Auto rickshaw 659464 10496 669960
4 Public Transit 2502640 | 477952 | 2980592

Total 5051360 | 612496 | 5663856

(Internal: - Zone to Zone movement inside the study area, External: - Zone to outside
the study area and vice versa)

Mode wise distribution of registered vehicles is shown in Figure 2.2. The composition
of two wheelers registered is more that is 71% followed by cars/jeeps with 16%.

Puklic walk

Transport 28%
348

CarfVan

Two wheeler
18%

Figure2.2. Mode Split

Bus trips constitute about 34% of the total trips while Two-wheeler trips are 18 %,
Auto trips 9% and Car trips constitutes 8%.

2.2 TRANSPORT DEMAND MODEL AND PARAMETERS
2.2.1 Model Description

As stated earlier, the standard four stage model constituting Trip Generation, Trip
Distribution, Modal Split and Assignment is used. Extensive household surveys and

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 5 of 44
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traffic surveys were carried out to develop the four stage model. The horizon year
Origin Destination (O — D) Matrices for private and public modes were developed
using the Gravity Model. The parameters obtained from the model have been used
for the transport demand projections for the proposed alignments.

Capacity of the Road System

The types of roads and their capacities are given in Table 2.4

Table2.4 Types of Roads and their Capacities

1 L-2W-U B - 90
1.5L-2W-UD 1400
2L-1W-UD 6000
2L-2W-UD 1900
3L-2W-UD 2800
3L-2W-D 3400
4L-1W-UD 12000
4L-2W-UD 3800
4L-2W-D 4500
6L-1W-UD 18000
6L-2W-D 6700

(Note: L: Lanes, 1w- One Way, UD- Undivided, D- Divided, 2W- Two way )

2.2.3 Speed Flow Relationship

The speed flow curves were developed for different functional classes.

Speed flow curves have been adjusted to take into account delays at junctions.
These speed flow curves were converted into BPR functions and fed into the model
as input in the highway network. The form of the BPR function is

TC =T0 *(1+a *(v/c) *B)

Where

Tc — Congested Link Travel time

TO — Link Free flow time

V - Link Volumes

C — Link Capacity

a and B — Calibrated Parameters

The BPR functions developed for each category of road is given in Table 2.5.

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 6 of 44
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Table2.5: BPR Functions

1L-2W-UD 22 1.75 2.5

1.5L-2W-UD 27 1.70 2.5
2L-1W-UD 36 2.6 3.5
2L-2W-UD 36 4.1 3.5
3L-2W-UD 38 3.75 3.5

3L-2W-D 31 2.8 3.0
4L-1W-UD 45 3.5 4.0
4L-2W-UD 40 3.0 3.5
4L-2W-D 43 3.3 3.0
6L-1W-UD 58 4.0 4.5
6L-2W-D 49 5.0 3.75

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 ending 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,

o Socio-economic characteristics of the trip-making population of the study
area, and

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

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 7 of 44
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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
o Category Analysis or Cross Classification Analysis

A typical regression analysis for trip generation model is

G = A+X k ajj X

=1
Where
G = No. Of trips (produced/attracted) in a zone for a specific purpose.
Ao = Constantterm to be calibrated.
a, ar__ax = Coefficients to be determined by the regression analysis
Xq 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 overall 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

The results of calibration of different models are given in Table2.6

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 8 of 44
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Table2.6 Generation for Total Trips

Co-off.
Intercept 1653
X Variable 0.037

By using the above table the value of R? was found to be 0.55, T-value — 14.5, F-
value-212.8 (Assuming Population in zones as the variable).

Table2.7 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, T-value-26.1,

F Value-684.5 (Assuming Employment in zone as variable).
The population and employment projection for the horizon years is presented in

Table2.8 below:

Table2.8 Population and employment projections

Year Population(Lakhs) Employment(Lakhs)
2008 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., 2008, 2016 and 2021
2031 are as given in the Table2.9.

Table2.9 Adopted PCTR (Motorised) Value

Year PCTR Value
2008 0.96
2016 1.0
2021 1.1
2031 1.2
July 2011

Bangalore Metro Phase-Il DPR (four extensions)
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2.2.7 Trip Distribution and Mode Choice

2.2.8

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:

Tim=r1i Gi 8 AjFijm

Where T= number of inter zonal trips between zone i & j and 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)

Fim= Deterrence function for mode m

Fijm= Kn e.BCijm Cijm a " 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:Gi ZTfj:Ai
Jm

and Im

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 Figure2.4.

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.

Deterrence functions

Calibrated parameters for the Deterrence function by mode is given in
Table 2.10

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 10 of 44
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Table2.10 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 8.8
Auto Rickshaw 1.1 0.4 3.2
Public Transport 2.54 1.73E-13 22

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.

2. 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.

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

4. To test alternative transportation system proposals by systematic and readily
acceptable procedures.

5. To provide design hours volumes and turning movements.

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, rail, etc which are linked on to the zonal system via walk links.
This methodology is presented in Figure 2.6.

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 11 of 44
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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 simultaneously. 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

% t‘: k- Modes PCE Values
2 S - Two wheeler 0.50
a>a Auto rickshaw 0.50
Car 0.80
g _ 3 Modes PCU Values
£33 Truck 37
o "¢
o > MAV 4.0
LCV 1.4
2.3 TRANSPORT DEMAND PROJECTIONS
2.3.1 The proposed stations on the Metro Phase-1 N-S Line with Phase-2 extensions,
Metro Phase-1 E-W Line with Phase-2 extensions, Metro Phase-2(N-S) and Metro
Phase 1 EC Extension and distance between the stations is given in Tables 2.12 to
Table 2.15.
Table 2.12 - Inter station distances on the Metro Phase-1(N-S)
Station No Station Name Distance (in kms)
1 BIEC Terminal -
2 Jindal 1.2
3 Manjunatha Nagar 1.2
4 Hesarghatta Cross 1.4
5 T. Dasarahalli 0.9
6 Jalahalli 0.8
7 Peenya Ind Area 0.7
8 Peenya 1.1
9 Outer Ring Road 0.8
10 Yeshwantapur 1.1
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 12 of 44
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11 Soap Factory 1.1
12 Mahalakshmi 1.0
13 Rajaji Nagar 1.0
14 Kuvempu Road 0.9
15 Malleswaram 0.8
16 Swastik 1.1
17 Majestic 1.7
18 Chickpete 1.0
19 City Market 0.7
20 K R Road 1.2
21 Lal Bagh 1.0
22 South End Circle 1.0
23 Jayanagar 0.9
24 R V Road 0.9
25 Banashankari 1.4
26 J.P.Nagar 0.9
27 Puttenahalli Cross 1.4
28 Anjanapura Road Cross 1.1
Krishna Leela Park
29 (ISKON) 1.2
30 Vajarahalli 1.3
31 Thalaghattapura 0.9
32 Anjanapura Township 1.9

Table 2.13 — Inter station distances on the East-West Corridor

(Option-1 Extension upto ITPL)

Stiltéon Station Name D'St::‘(s:(;' (in

1. Kengeri Terminal -

2. RV College of Engineering 1.8

Bangalore University
3. Cross 2.0
4. Rajarajeshwari Nagar 0.8
5. Nayandahalli 0.8
6. Mysore Road Terminal 0.8
7. Deepanjali Nagar 1.1
8. Vijaya Nagar 1.2
9. Hosahalli 1.1
10. | Toll Gate 1.0
11. | Magadi Road 1.2
12. | City Railway Station 1.2
13. | Majestic 0.7
14. | Central College 1.2
15. | Vidhan Soudha 0.6
16. | Cricket Stadium 1.3
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 13 of 44
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17. | M G Road 0.7
18. | Trinity Circle 1.1
19. | Ulsoor 1.2
20. | CMH Road 0.9
21. | Old Madras Road 1.8
22. | Byappanahalli 1.0
23. | Jyothipuram 2.4
24. | KR Puram 0.8
25. | Narayanapura 0.9
26. | Mahadevapura 0.9
27. | Garudacharya Palya 1.2
28. | Doddanakundi Ind Area 1.0
29. | Vishweshwaraya Ind. Area 1.0
30. | Kundanahalli 0.9
31. | Vydehi Hospital 1.0
32. | Sathya Sai Hospital 0.8
33. |ITPL 1.5

(Option-2 further extension upto White Field)

34 Kadugodi 1.0
35 Ujwala Vidyalaya 1.0
36 Whitefield 1.0

The Metro Phase-1(N-S Corridor) including Phase —Il extensions is 33.9 Km in length
from BIEC to Anjanapura Township with 32 proposed stations. The Metro Phase-1(E-
W Corridor) including Phase -l extensions from Kengeri Station to ITPL with 33
stations making total length of 36.275 Km in Option-1. If the Corridor is further
extended upto White Field (option -2) the total length of Corridor will be 39.575 Km
with 36 stations. It may be noted that station spacing along the alignment varies from
0.7 km to 2.4 km.

2.3.2 Section Loading

The traffic assignment was carried out with the four proposed alignments in place.
The traffic figures have been worked out for all four extensions and new North South
Corridor, R. V. Road to Bommasandra Corridor. However in this Chapter the traffic
figures for extension of Phase-| corridors (four extensions) only and phpdt for the
connected Corridors are given.

The Summary of the transport Demand for option-2(extemsion of East West Corridor
upto Whitefield) on the proposed metro alignments is presented in Table 2.14

The Incremental Ridership for option-2(extension of East West Corridor upto
Whitefield) on the proposed metro alignments is presented in Table 2.15

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 14 of 44
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Table2.14 Summary of Transport demand (Option-2
Extn of E-W Corridor upto Whitefield)

Metro Phase-1(N-S)

Metro Phase-1(N-S)

(including extensions) 33.9 21,803 60.9 6.03 101
Metro Phase-1(E-W)
(including extensions) 40.2 19,675 56.6 4.80 11.8

Metro Phase-1(N-S)

(including extensions) 33.9 27,593 79.6 7.90 101
Metro Phase-1(E-W)
(including extensions) 40.2 25,380 85.7 7.20 11.9

Metro Phase-1(N-S)

(including extensions) 33.9 36,557 106.8 10.36 10.3
Metro Phase-1(E-W)
(including extensions) 40.2 34,263 1156 9.67 12.0

(including extensions) 33.9 42,771 124.7 12.12 10.3
Metro Phase-1(E-W)
(including extensions) 40.2 38,860 131.7 11.00 12.0

Table 2.15 Incremental Ridership (Option-2 Extension of
E-W Corridor upto Whitefield)

o
5 a1 e
S ?%m e

From Hesarghatta cross to -
BIEC + Puttenhalli to Nice
Road

s = Incremental Incremental
TR e Incremental Incremental Daily | ~_: G
Extensions 4 ; o 1 Daily Passenger ‘|~ Average Lead
- Length in Km | Ridership in lakhs KM in Lakhs in KM
From Hesarghatta cross to
BIEC + Puttenhalli to Nice 10.8 2.05 31.07 15.2
Road
From Mysore Road to
Kengeri+Bypanahalli to 22.7 2.03 38.05 18.7
Whitefield.
) 16.9
Total 69.12

Bangalore Metro Phase-il DPR (four extensions)
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From Mysore Road to
Kengeri+Bypanahalli to
Whitefield

Total . 98.04 16.2

Chapter 2 — Traffic Forecast

227 3.67 61.13 16.7

From Hesarghatta cross to
BIEC + Puttenhalli to Nice
Road

10.8 3.48 49.52 14.2

From Mysore Road to
Kengeri+Bypanabhalli to
Whitefield

Total

From Hesarghatta cross to

BIEC + Puttenhalli to Nice 10.8 4.52 61.47 13.6
Road

From Mysore Road to

Kengeri+Bypanabhalli to 227 5.35 90.05 16.8
Whitefield

Total 33.5 9.87 1561.52 15.4

The maximum range of PHPDT on the North-South Metro Corridor in 2016 will be
21,606 and by 2031 the maximum range of PHPDT is projected to be of the order of
36,545.

The maximum range of PHPDT on the East-West Metro Corridor —ph1 () in 2016 will
be 18,835 and by 2031 the maximum range of PHPDT is projected to be of the order
of 32,501.

The section wise loading and PHPDT only for option 2 i.e. the East ~West corridor up
to whitefield are presented in Annexure 1.2.

2.3.3 Station loading

The station loading (two way boarding’s) for all the alignments are presented in
Table 2.16 and Table 2.17.

Table 2.16 Daily Station Loading for Metro corridor
(North-South Extn)

Station Name

2016 2021 2031 2041
BIEC Terminal 7504 9728 17896 20904
Jindal 18408 | 24072 33048 38608
Manjunatha Nagar 3408 4000 5496 6416
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 16 of 44
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Hesarghatta Cross 8848 8984 11976 13984
T. Dasarahalli 26960 | 31880 | 43096 | 50344
Jalahalli 2936 3776 6816 7832

Peenya Ind Area 12504 15184 19664 23104
Peenya 2160 2760 3448 3888

Outer Ring Road 19480 | 29480 | 40520 | 48272
Yeshwantapur 13208 20312 27656 31512
Soap Factory 21232 | 21960 | 29584 | 34560
Mahalakshmi 5872 6208 7768 9072

Rajaji Nagar 20040 28832 38664 45168
Kuvempu Road 20416 | 23024 | 31216 | 36464
Malleswaram 29528 | 45336 | 61704 | 72072
Swastik 11808 14128 18976 | 22176
Majestic 104840 | 145088 | 192592 | 224984
Chickpete 5352 5736 7400 8640

City Market 28952 | 29360 | 37456 | 43760
K R Road 15800 | 21152 | 26928 | 31464
Lal Bagh 17712 | 24344 | 31104 | 36336
South End Circle 4344 4920 6080 7112

Jayanagar 6384 7320 9088 10616
RV Road 2960 3224 4048 4728

Banashankari 22248 | 32128 | 37224 | 43488
J.P.Nagar 25152 | 25424 | 29488 | 34456
Puttenahalli Cross 11680 16520 20248 23656
Anjanapura Road Cross 15864 18640 22784 26712
Krishna Leela Park (ISKON) 15416 18192 | 22320 | 26072
Vajarahalli 8656 12744 15616 18152
Thalaghattapura 15264 | 24792 | 30344 | 35448
Anjanapura Township 10736 16960 20808 24312

Table 2.17 Daily Station Loading for Metro corridor
(East-West Extn)

Station Name 2016 2021 2031 2041
Kengeri Terminal 31328 52392 | 69248 | 78616
RV College of Engineering 8192 12832 | 16920 | 19400
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 17 of 44
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Bangalore University Cross 1456 1352 2584 2848

Rajarajeshwari Nagar 3720 4448 5824 6672

Nayandahalli 3504 4416 5792 6520

Mysore Road Terminal 5248 6144 6704 7792

Deepanijali Nagar 18704 30296 | 40032 | 45912
Vijaya Nagar 2864 14792 | 19544 | 22408
Hosahalli 7728 13032 | 16880 | 19728
Toll Gate 15448 20296 | 26344 | 30760
Magadi Road 19336 25832 | 34120 | 39128
City Railway Station 11120 17168 | 22680 | 26008
Majestic 97400 116864 | 154400 | 177072
Central College 13560 17488 | 23816 | 26504
Vidhan Soudha 11976 12168 | 16520 | 18432
Cricket Stadium 3424 11848 | 16224 | 17944
M G Road 21328 37456 | 53056 | 56552
Trinity Circle 13360 14520 | 20224 | 21832
Ulsoor 6472 8616 12200 | 13056
CMH Road 13840 18256 | 25752 | 27664
Old Madras Road 7528 12040 | 17072 | 18256
Byappanahalli 8536 12312 | 16192 | 17544
Jyothipuram 20184 37376 | 51936 | 53976
K R Puram 8520 15456 | 21920 | 34712
Narayanapura 6968 9248 13736 | 13896
Mahadevapura 11984 19936 | 28360 | 29696
Garudacharya Palya 2520 2736 4112 4144

Doddanakundi Ind Area 5928 7904 11584 | 12784
Vishweshwaraya Ind. Area 2360 3424 4800 5184

Kundanahalli 1624 1520 2120 2304

Vydehi Hospital 8888 11768 | 16384 | 17528
Sathya Sai Hospital 5616 6872 10416 | 10968
[TPL 1888 2664 1488 1584

Kadugodi 4016 5088 7736 8240

Ujwala Vidyalaya 10176 13992 | 19072 | 20256
Whitefield 8184 10512 | 14928 | 15936

2.3.4 Mode Shift
The numbers of trips shifted to metro from personalize modes; auto and public
transport in the peak hour are given in Table 2.18. The private vehicles shift will be
increased from 33% in 2016 to 40% in 2031. During peak hour 0.81 lakh trips will be
shifted to metro in 2016 due to Extension and 1.69 lakh trips in 2031.

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 18 of 44
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Table 2.18 Mode Shift

Chapter 2 — Traffic Forecast

Mode TRIPS %
Two wheeler 17205 21%
Car 9443 12%
2016 | Auto 14290 17%
Public Transport 40937 50%
Total 81875 100%
Two wheeler 28417 22%
Car 16792 13%
2021 | Auto 20667 16%
Public Transport 63292 49%
Total 129,167 100%
Two wheeler 42448 25%
Car 25469 15%
2031 | Auto 22073 13%
Public Transport 79802 47%
Total 169,792 100%

2.3.5 Trip length frequency distribution

The trip length frequency distribution of the Metro trips is presented in Annexure 1.3
it can be observed that the average trip length for the years 2016 and 2031 for North-
south corridor is 10.1 and 10.3 km respectively and for East west corridor the trip
length is 11.5in 2016 and increasing to 11.7 in 2031.

Bangalore Metro Phase-Il DPR (four extensions)

July 2011
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RSI Survey HHI Survey Base year
planning data
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Calibration (Trips
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\ 4
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forecast
v
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Figure 2.3: Modeling approach
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Figure 2.4 Zoning system
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Figure2.5: Calibration process
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Figure 2.6. Trip Assignment
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ANNEXURE -1.1

ZONE NUMBERS AND ZONE NAMES

Zone No Zone name
1 HMT
2 Jalahalli
3 Yeshwanthapura
4 Mathikere
5 Kodandarampura
6 Dattatreya Temple
7 Malleshwaram
8 Gayathrinagar
9 Subramanyanagar
10 Mahalakshmipuram
1 Peenya Industrial Area
12 Nandini Layout
13 Geleyarabalaga Extension
14 Nagapura
15 Rajajinagar
16 Kamalanagar
17 Vrishabavathi Nagara
18 Kamakshipalya
19 Basaweshwaranagar
20 Shivanagar
21
22 Industrial Town
23
24 Sri Ram Mandir
25 Prakashnagar
26 Bashyamanagara
27 Ramachandrapuram
28
29 Sevashrama
30
31 Gandhi Nagar
32 Chickpet
33 Cottonpet
34 Sri K.R.Market
35 Binny Pet
36 Kempapura Agrahara
37 Vijayanagar
38 R.P.C. Layout
39 Marenahalli
40 Govindarajanagar
41 Amarjyothi Nagar
42 Mudala Palya
43 Chandra Layout

Bangalore Metro Phase-Il DPR (four extensions)
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Zone No Zone name
44 Attiguppe
45 Gali Anjaneya Temple
46 Bapuji Nagar
47 Padarayanapura
48 Jagajeevanaram Nagar
49 Azad Nagar
50 Chamrajpet
51 Dharmarayaswamy Temple
2:25 Sudhamanagara
54 Kempegowdanagar
gg Vishweshwarapuram
57 Basavanagudi
58 Hanumantha Nagar
59 Srinagar
60 Srinivasanagar
61 Padhmanabhanagar
62 Ganesha Mandir
63 JP Nagar
64 Jayanagar
65 Yediyur
66 Pattabiramnagar
67 Mavalli
68
69 Hombegowdanagar
70
;; Lakkasandara
73 Gurappanapalya
74 B.T.M. Layout
75
_7/3 Madivala
78
79
80 Koramangala
81
82 Ejipura
83 Neelasandra
84 Sahnthinagar
85 Austin Town
86 Domiur
87 Airport
88 Jeevanbhimanagar
gg Jougupalya

Bangalore Metro Phase-Il DPR (four extensions)

July 2011 Page 25 of 44
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Zone No Zone name

N
92
gi Richmond Town
95
96
97 Sampangiramanagara
98
99
100
18; Vasanthanagara
103
18;’ Shivajinagar
106 Bharathinagar
18; Ulsoor
109 Hoysala Nagara
110 Sir C.V. Raman Nagara
111 Bennigana Nagar
112 Sarvagna Nagara
1 }2 Maruthi Sevanagar
115 Lingarajpur
116
H; Banasvadi
119
13(1) Kacharakanahalli
122 Sagayapuram
123 Pulikesy Nagar
124 Jayamahal
125 Devarajeevanahalli
126 Kadugondanahalli
127 Kaval Byrasandra
128 Hebbal
129 J.C. Nagar
130
131 Ganga Nagar
132
133
134
135 Aramane Nagar
136
137
138 Sanjayanagar
139 Kengeri

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 26 of 44
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Zone No Zone name
140 Herohalli
141 Makali
142 Byatarayanapura
143 Bavalakere
144 Hesarghatta
145 Yelahanka
146 Bettaalasuru
147 Tanisandra
148 Bagaluru
149
}g? Horamavu
152
153 Avalahalli
154
155 K.R.Puram
156
157 Sadar Mangala
158
159 Whitefield
160
161
162 Varthur
163 Dommasandra
164
165
166 Begur
167
168
169 Electronic City
170 Bannerghatta
171 Anjanapura
172 Kumbalagoda
173 Towards Doddaballappur
174 Towards Hyderabad
175 Towards Kolar
176 TowardsSarjapur
177 Towards Hosur
178 Towards Bannerghatta
179 Towards Kanakpura
180 Towards Mysore
181 Towards Magadi
182 Towards Tumkur

Bangalore Metro Phase-Il DPR (four extensions)
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Annexure 1.2

Option2 - BIEC Terminal - Anjanapura Township (North-South Corridor) -2016

Station Name J Boarding | Alighting PPHPD Station Name Boarding Alighting PPHPD
BIEC Terminal ; 545 0 545 Anjanapura Township 1397 0 1397
Jindal 1 2376 0 2921 Thalaghattapura 1823 1" 3209

| Manjunatha Nagar ! 250 10 3161 Vajarahalli 1092 13 4288

T Krishna Leela Park

Hesarghatta Cross 1146 12 4294 (ISKON) 934 61 5161
T. Dasarahalii 3614 18 7890 Anjanapura Road Cross 1222 93 6290
Jalahalli 188 47 8031 Puttenahalli Cross 1014 193 7112
Peenya ind Area 1529 551 9009 J.P.Nagar 1987 666 8433

| Peenya 217 61 9164 Banashankari 3223 414 1 1241%
Outer Ring Road 1936 201 10900 R V Road 7191 1103 17329
Yeshwantapur 1298 369 11829 Jayanagar 627 128 17828
Soap Factory 1672 581 12920 South End Circle 405 88 18144
Mahalakshmi 431 101 13250 Lal Bagh 1469 442 19172
Rajaji Nagar 1514 372 14392 K R Road 1237 226 20183
Kuvempu Road i 1744 266 15869 City Market 1530 265 21449
Malleswaram | 2796 276 18389 Chickpete 215 190 21474
Swastik 792 771 18410 Majestic 7880 10298 19056
Majestic 7987 4594 21803 Swastik 595 764 18886
Chickpete 355 697 21461 Malleswaram 882 1908 17860
City Market 1420 2059 20822 Kuvempu Road 611 1370 17101
K R Road 275 1367 19730 Rajaji Nagar 839 1187 16752
Lal Bagh 468 1890 18308 Mahalakshmi 209 786 16176
South End Circle 265 384 18189 Soap Factory 855 1779 16252
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Chapter 2 — Traffic Forecast
Trip length distribution - Metro Phase 1(N-S) - 2041

Trip Length in KM Trips
Otob 25247
5t0 10 52329
10 to 15 30750
15 to 20 18800

20 to 25 6277

25 to 30 1601

30 to 35 1600

Trip length distribution — Metro Phase-1(E-W) — 2016

Trip Length in KM Trips
Oto5 13149
5to 10 15506

10 to 15 7256
15 to 20 10078
20to 25 2257
25to 30 2624

30 to 35 1760

35 to 40 732

Trip length distribution — Metro Phase-1(E-W) — 2021

Trip Length in KM Trips
Oto5 17619
5t0 10 21177
10 to 15 17579
15to 20 14998
20 to 25 4964
25 to 30 3228
30to 35 2134
35 to 40 530
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Chapter 2 — Traffic Forecast
Trip length distribution — Metro Phase-1(E-W) — 2031

Trip Length in KM Trips
Oto5 23020

5t0 10 30173

10 to 15 24292

15 to 20 19061

20 to 25 5180

25 to 30 4474

30 to 35 2998

35 to 40 1393

Trip length distribution — Metro Phase-1(E-W) - 2041

Trip Length in KM Trips
Otob 26211

5t0 10 34355

10to 15 27659

1510 20 21703

20 to 25 5898

2510 30 5095

30 to 35 3414

351040 1586
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CHAPTER 3
PLANNING AND DESIGN PARAMETRES

3.0 GEOMETRIC DESIGN NORMS

The design norms related to the metro alignment 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.

3.1 HORIZONTAL CURVES

On consideration of maximum allowable cant of 110 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 200 m, 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 sharp curves up to 120 m radius (safe speed of 40 km/h) have been
adopted.

For maximum permissible speed on curve with various radii table 3.1 may be
referred.

Horizontal curves

Curve radius in mid section:
Elevated Section

Minimum 200 m

Absolute minimum  : 122.5m
Minimum curve radius at stations _ : 1000 m
Maximum permissible cant (Ca) : 125 mm
Desirable maximum Cant(Ca) : 110 mm
Maximum cant deficiency (Cd) : 85 mm

Transition curves

Due to undulating terrain of Bengaluru city it is necessary to provide frequent
vertical curves along the alignment. The existing roads also have frequent
curves. These constraints may lead to reduced lengths of transition curves.
However for safety and comfort of passengers, the transition curves have to be
designed with certain minimum parameters.

- Minimum length of Transitions of

Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 1 of 11



Chapter 3 — Planning and Design Parametres
Horizontal curves (m) :0.44 times actual cant or cant
deficiency (in mm), which
ever is higher.
- Desirable : 0.72 times actual cant or
cant deficiency, (in mm)
which ever is higher

- No overlap is allowed between transition curves and vertical curves.
- Minimum straight between two
Transition curves . . either 25 m or NIL.

- Minimum curve length between
two transition curves 125 m

3.2 VERTICAL ALIGNMENT

3.2.1 Elevated Sections

Track supporting structures on Elevated sections are to permit a vertical
clearance of 5.5 m above road level. For meeting this requirement with the 'U’
shaped structural design the rail level shall be at least 8.5 m above the road
level. Similarly, the rail level for the stations on road locations (with concourse on
sides on ground) shall be at least 10.5 m above the road level in the central
portion and 9.5 m at ends. With elevated concourse the rail level at stations shall
be 12.8 m. For the tracks carried on portals on roads, the minimum rail level shall
be 9.5 m above the road level.

The track center to centre distance of 4.2 m will be provided on the elevated
section keeping in view the minimum radius of 122.5 m.

3.2.2 Gradients

Normally the stations shall be on level stretch. In limiting cases station may be
on a grade of 0.1 %. Between stations, generally the grades may not be steeper
than 2.0 %. However, there are a few situations, where steeper grades are
unavoidable. These are:

(i) ~ Switch over ramp between underground and elevated sections where a
grade up to 4% is adopted to minimise the length of ramp.

(i) Where existing road gradients are steeper than 2 % as the elevated
section is kept parallel to road surface to minimise rail level (to reduce the

pier heights).
- Maximum gradient at stations : 01%
- Desirable gradient at stations - ; level

- Maximum gradient in mid section:

Normal: 20%
Exceptional :4.0 %
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 2 of 11
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Chapter 3 — Planning and Design Parametres

3.2.3 Vertical Curves

gradient.
Minimum radius of vertical curves:
¢ On mainline : 1500 m
And other Locations
e Minimum length of vertical curve : 25m
3.3 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. This is with the objective of keeping down the wear on rails on
curves to the minimum.
Table 3.1
Cant, Permitted speed and Minimum Transition length for curves
Speed Actual Cant Permitted | Minimum
Radius [°P Cant Deficiency |Speed Transition
(m) (km/h) | (mm) (mm) (kmph) (m)
3000 80 15 10.36 80 10
2000 80 20 18.04 80 10
1000 80 40 36.03 80 20
800 80 50 45.12 80 25
500 80 80 72.19 80 40
400 80 110 85 80 50
300 80 110 85 70 50
200 80 110 85 55 50
150 80 110 85 45 50
120 80 110 85 40 50
3.4 PERMANENT WAY
3.41 TRACK STRUCTURE
Track on Metro 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 vit?lrations. The track structure has been
proposed keeping the above philosophy in view.
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 3 of 11
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Chapter 3 - Planning and Design Parametres

Two types of track structures are proposed for any Metro. The normal ballasted
track is suitable for At-Grade (surface) portion of Main Lines and in Depot (except
inside the Workshops, inspection lines and washing plant lines. The ballast-less
track is recommended on Viaducts and inside tunnels as the regular cleaning
and replacement of ballast at such location will not be possible. Only in case of
the depot normal ballasted track is proposed for adoption.

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 incorporated in LWR/CWR.

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

Rail Section

Keeping in view the proposed axle load and the practices followed abroad, it is
proposed to adopt 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 IRS-T- 12-96. As these rails are not
manufactured in India at present, these are to be imported. For the Depot lines,
the grade of rails should be 880, which can be easily manufactured indigenously.

Ballastless Track on Viaducts

On the viaducts, it is proposed to adopt plinth type ballastless track structure with
RCC derailment guards integrated with the plinths (shown in Fig. 3.1). Further, it
is proposed to adopt Vossloh-33§ Fastenings System (shown in Fig. 3.2) or any
other suitable system on both types of ballastless track structures, with a base-
plate to base-plate spacing of 65 cm. on viaducts. Most of the components of
Vossloh-336 fastening system are now indigenously available. The toe load
design for the clips is to be finalized at the detail design stage. The Fastening
system will be finalized complying with the performance criteria laid down by
Railway Board.

Ballast less Track in Depot

The ballastless track in Depot may be of the following types:

e Discretely supported on concrete/steel pedestal for inspection lines.
e Embedded rail type inside the Workshop.

¢ Plinth type for Washing Plant line.
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Chapter 3 — Planning and Design Parametres

o Normal Ballast less (as on viaduct) for Washing lines, Stabling and other
running lines.

3.4.5 Turnouts
e 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 metres and
permissible speed on divergent track as 40 km/h (shown in Fig.3.3).

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

e The Scissors cross-overs on Main Lines (1 in 9 type) will be with a minimum
track centre of 4.5 m (shown in Fig.3.5).

e 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 ballastless turnouts (if required).
Il
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 minimising
the additional LWR forces transmitted from tongue rail to stock rail.

e 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 Depot lines.

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

Bangalore Metro Phase-Il DPR {four extensions) July 2011 Page 5 of 11
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ND DESCRIPTION
1. ANCHOR BOLT

2 INTERMEDIATE PAD

| 3 | ELASTOMERIC PAD

4. | RIBBED BASE PLATE

S. | INSULATING BUSH

6. | HELICAL SPRING

7. | COLLARED WASHER

8 HEXAGON NUT

9. | RAIL PAD

10. | T-HEAD BOLT WITH NUT
11| TENSION CLAMP

12, | WASHER FOR T-HEAD BOLT

VOSSLOH 336 FASTENINGS

Fig No. 3.2
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Chapter 3 — Planning and Design Parametres
Buffer Stops

On main lines and Depot 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 Buffélr Stops.

Rail Structure Interaction

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 ballastless
track for a maximum gap of 180 mm.

Welding

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

o kkkkk
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CIVIL ENGINEERING WORKS

EXTENSION OF EAST WEST LINE FROM MYSORE ROAD TERMINAL — KENGERI

DESCRIPTION OF ALIGNMENT

The line from Mysore road Terminal of Phase — | to Kengeri along Mysore road is an
elevated standard gauge corridor with double line section having a route length of
6.465 km (up to dead end) and 5 stations (apart from Mysore road Terminal Station).
Provision has been kept for extending the line beyond in future.

e Mysore Road Terminal station at the west end of E -W corridor of Ph-l is
located on the Mysore road short of Outer Ring Road junction as elevated
Terminal Station.

e This alignment is to be extended on the Mysore road upto Kengeri.

e The satellite town ‘Kengeri’ which has come up in the outskirt of southwestern part
of Bengaluru has developed as a busy suburb and is further developing. The
traffic on the Mysore road to Kengeri has also increased. Hence the necessity of
extension of Mysore road Terminal to Kengeri.

e Provision has been kept for extending the line in future.

REFERENCE POINT

The centre line of Mysore Road Terminal Metro station has been taken as 0.00 km for
reckoning of chainage on Mysore Road - Kengeri line. Chainage increases from
Mysore Road Terminal Metro station towards Kengeri.

REFERENCE LINE

Line from Mysore Road Terminal station to Kengeri station has been named ‘Up Line’
and from Kengeri to Mysore Road Terminal has been named as ‘Down Line’.

Index Plan of the alignment from the Centre line of Mysore Road Terminal Metro
station to Dead end of Kengeri Terminal Metro station is given in Figure 4.1.

Page 1 of 50
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FIGURE 4.1 MYSORE ROAD TO KENGERI-FUTURE
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4.1.5 ALIGNMENT PLANNING AND DESIGN NORMS

The entire alignment of this extension line is elevated. As the work on the elevated
stretches of Phase-| of the project have already been started, the planning norms &
design parameters viz., horizontal curves, vertical alignment, design speed, track
centre etc are finalized for phase-l and it is proposed to continue with the same for
this line of Mysore Road — Kengeri Station extension.

4.1.6 TERMINAL STATION

It is proposed to plan elevated terminal station at Kengeri near the BMTC Depot which
will develop as the Kengeri passengers focal point as the last station on this corridor
so as to facilitate extension of the Metro Rail towards Bidadi or towards Satellite town
of Kengeri. At the end of this station, the train reversal facilities are being proposed
towards extreme western end by providing cross-over and dead end. The C/L of the
Kengeri station is at chainage (-) 6.306 km whereas the Dead End is at chainage (-)
6.725 km.

4.1.7 HORIZONTAL ALIGNMENT
The line extending from the existing dead end of Mysore Road Terminal Station will

be generally on the median of the Mysore road and traverse up to Kengeri. There are
five stations on this extension of Mysore Road — Kengeri line namely Nayandahalli
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[Ch.(-)764.50), Rajarajeshwari Nagar [Ch.(-)1600], Bengaluru University Cross [Ch.(-
)2400], R V College of ENGG [Ch.(-)4400], Kengeri Terminal [(-)6306] . Provision has
been kept for extending the line beyond kengeri in future either towards Bidadi or
towards the Satellite town of Kengeri.

Total numbers of 27 horizontal curves have been provided up to Kengeri dead end.
The radius of curves varies from 122m to 4500m. Hence, the sharpest curve is 122 m.

A statement of curves is given at Table 4.1

TABLE 4.1 STATEMENTS OF CURVES

o = o o Radius Deflection Angle Transition | Circular | Total | Straight
Szo .é g E (m) Length (m) I_Curvtti] LCurvteh betwee
© 1a°o D | M S Tz ei'.l]g) "
1 Right 250 26 45 52 55 55 61.78 | 171.78 | 38.930
2 Left 1221 58 3 53 55 55 69.73 | 179.73 | 313.810
3 Right 450 9 59 51 55 55 23.52 133.52 | 25.589
4 | Right | 277.1 17 36 10 55 55 30.13 140.13 | 129.703
5 Left 352 32 12 55 55 55 | 142.97 | 252.97 | 112.654
6 Right 275 24 03 52 55 55 60.50 | 170.50 | 23.176
7 Left 270 17 16 21.4 55 55 26.4 136.4 | 25.328
8 | Right 210 26 10 22.3 55 55 4093 | 150.93 | 133.171
9 | Right 600 8 3 39.3 40 40 44 .41 124.41 | 30.555
10 Left 200 23 50 35.7 55 55 28.23 138.23 | 67.049
11 | Right | 3000 3 32 10 10 10 175.15 | 195.15 | 40.099
12 | Right | 1500 7 58 374 20 20 188.86 | 228.86 | 34.786
13 Left 500 15 26 2.9 40 40 94.69 174.69 | 52.92
14 | Right 190 31 14 34.2 55 55 48.61 158.61 | 33.639
15 Left 190 43 14 27.6 55 55 88.39 198.39 | 26.779
16 | Right 175 28 10 25.2 55 55 31.05 141.05 | 100.178
17 Left 600 11 36 51.3 40 40 81.62 161.62 | 46.797
18 | Right | 4500 0 24 23.4 10 10 21.93 41.93 | 52.347
19 | Right 400 16 44 8.5 55 55 61.84 171.84 | 25.193
20 | Right | 1000 17 20 40.7 25 25 277.72 | 327.72 | 35.031
Bangalore Metro Phase-Il DPR (four extensions) July 2011 Page 3 of 50




S

Chapter 4 — Civil Engineering Works

21 | Right | 2000 1 45 3.2 15 15 46.12 76.12 | 34.299
22 | Right | 2500 1 38 56.2 15 15 56.95 86.95 | 398.023
23 Left 123 44 43 7 20 20 76 116 30.736
24 | Right 475 19 15 41.9 40 40 119.68 | 199.68 | 22.169
25 Left 300 17 32 31 55 55 36.85 146.85 | 87.57
26 Left 600 6 55 41.3 40 40 32.55 112.55 | 303.705
27 | Right | 1000 | 40 | 16 | 38.3 25 25 | 677.97 | 727.97 | 129.559
4.1.9 GRADIENTS
The detail statement of gradients is placed in tables 4.2:
Table 4.2
STATEMENT OF GRADIENTS
Mysore Road to Kengeri Station
S. No. Chainage Length (m)
From To Gradient | Remarks

1 -6725.000 -6468.352 256.648 1.26% Rise

2 -6468.352 | -6416.148 -52.204 - -

3 -6416.148 -5980.714 435.434 0.000% Fall

4 -5980.714 | -5961.047 -19.667 - -

5 -5961.047 -5696.856 264.191 -1.33% Fall

6 -5696.856 | -5675.903 -20.953 - -

7 -5675.903 -5477.254 198.649 -1.55% Fali

8 -5477.254 | -5425.505 -51.749 = -

9 -5425.505 -4998.859 426.646 1.90% Rise

10 -4998.859 | -4977.901 -20.958 - -

11 -4977.901 -4739.270 238.631 2.85% Rise

12 -4739.270 | -4696.529 -42.741 - -

13 -4696.529 -4296.620 399.909 0.00% | Level

14 -4296.620 | -4276.141 -20.479 = -

15 -4276.141 -3832.428 443.713 -1.28% Fall

16 -3832.428 | -3812.334 -20.094 - -

17 -3812.334 -3400.695 411.639 -0.28% Fall

18 -3400.695 | -3372.066 -28.629 - -
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19 -3372.066 -2972.458 399.608 1.36% Rise
20 -2972.458 | -2950.304 -22.154 - -
21 -2950.304 -2660.388 289.916 1.57% Rise
22 -2660.388 | -2632.549 -27.839 - -
23 -2632.549 -2506.863 125.686 -0.29% Fall
24 -2506.863 | -2485.899 -20.964 - -
25 -2485.899 -2271.628 214.271 0.00% Level
26 -2271.628 | -2251.131 -20.497 - -
27 -2251.131 -1878.984 372.147 0.93% Rise
28 -1878.984 | -1858.953 -20.031 - -
29 -1858.953 -1518.240 340.713 0.00% Level
30 -1518.240 | -1482.711 -35.529 - -
31 -1482.711 -1144.916 337.795 2.37% Rise
32 -1144.916 | -1124.714 -20.202 - -
33 -1124.714 -932.450 192.264 2.00% Rise
34 -932.450 -901.724 -30.726 - -
35 -901.724 -680.939 220.785 0.00% Level
36 -680.939 -659.835 -21.104 - -
37 -659.835 -513.347 146.488 1.06% Rise
38 -513.347 -464.272 -49.075 - -
39 -464.272 -342.841 121.431 -1.92% Fall
40 -342.841 -277.935 -64.906 - -
41 -277.935 -99.359 178.576 1.17% Rise
42 -99.359 -75.924 -23.435 - -
43 -75.924 124.484 200.408 0.41% Rise
44 124.484 300.000 -175.516 - -
45 300.000 300.000 0.000 0.00%

4.1.10 Detailed Alignment Plans are given in Drawing No. Phase-| Extn/E-W (Mysore Road —

4.1.11

Bangalore Metro Phase-Il DPR (four extensions)

Kengeri Station)/AL/GAD line/2010 (Sheet No. 1 to 14).

LAND

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

July 2011 Page 5 of 50



S

4.1.12

Chapter 4 — Civil Engineering Works
scarce, costly and acquisition being complex process, the alignment is so planned
that barest minimum land acquisition is involved. Land is mainly required for:

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

o Property Development.

Break-up of Land requirement
Out of the total land requirement of 19273.65 Sgm, the Private Land is

19273.65sg.m and the Government Land is nil. Section-wise land requirement for
elevated section and ownership of the land is given at table 4.3.

Table 4.3

LAND REQUIREMENT & OWNERSHIP

Sl From To Pvt Land Govt Land | Total Land area in
No. | chainage chainage in sq.m in Sgm Sgm

1. (-) 554 (-) 694.50 877.12 - 877.12
2. (-) 694.50 (-) 834.50 3041.37 - 3041.37
3. (-) 834.50 (-) 15660 447.63 - 447.63
4. (-) 1560 (-) 1700 2544 37 - 2544 .37
5. (-)1700 (-) 2271 593.88 - 593.88
6. (-) 2271 (-) 2411 1508.25 - 1508.25
7. (-) 2411 (-) 4327.10 0 - 0
8. (-) 4327.10 (-) 4467.10 2529.85 - 2529.85
9. (-) 4467.10 (-) 6115 1016.39 - 1016.39
10. (-) 6115 (-) 6255 2031.29 - 2031.29
11. (-) 6255 (-) 6500 0 - 0
TOTAL LAND REQUIREMENT 14590.16 14590.15

B For Stations shown in blue

4.1.13

Land for Property Development

It is proposed that vacant plot of an area of approx 5375 Sq.m near Nayandanahalli
Station on LHS [Chainage (-)764.50], approx 20000 Sgm in front of Bengaluru
University Station [between Chainage (-)2500 to (-)2700], and approx 7667 Sqm by
the side of BMTC Depot at Kengeri Station [Chainage (-) 6185] would be utilized for
Property Development (Total of 33042Sgm).

4.1.14 The important locations and reference points along the corridor is presented in table

Bangalore Metro Phase-Il DPR (four extensions)

4.4 as under :
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TABLE 4.4
S.N | Chainages Important Locations !/ | Locations
reference points w.r.t
alignment
From To

1. (-) 554 (-)764.50 5" Cross Street RHS
6™ Cross Street LHS

7™ Cross Street LHS

Ganapathi Temple Street RHS

2 (-) 764.50 (-) 1630 2™ Cross Street RHS
8™ Cross Street LHS

1! Cross Street RHS

9™ Cross Styreet LHS

Lane RHS

Lane LHS

B T Road (Atmayothi Nagar) LHS

3 (-) 1630 (-) 2341 To Rajarajeshwari Nagar LHS
ITL Road RHS

B T Road RHS

B T Road RHS

Road to Bengaluru University RHS

4 (-) 2341 (-) 4397.10 | Mud Road LHS
Way to Pattanigare LHS

5 (-) 4397.10 (-) 6185 B T Road RHS
Mud Road RHS

Valegarehalli KST RHS
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Way to Mailasandra LHS
6 (-) 6185 (-)6500 To Ambica Kalyana Mantapa RHS
To Kengeri Satellite Town RHS
Way to Uttarahalli LHS
7 | (- 6500 () 723197 | BT Road RHS
B T Road LHS
Fort Street LHS
C C Road LHS
Kuvempu Road RHS
Vidyapeeta Road LHS
Kuvempu Street RHS
B T Road RHS
C C Road RHS
Mud Road LHS
Arch Bridge x-ing Ahead

4.1.15 STATION PLANNING

Mysore Road to Kengeri alignment covers 6.465 km and consists of the following 5
stations:

Nayandahalli Station
Rajarajeshwari Nagar Station
Bengaluru University Cross Station
R V College of ENGG Station
Kengeri Terminal Station

aohrhwON =

4.1.16 Station Design
As per the configuration of alignment, all the stations would be elevated as follows.
1. on the middle of the road — Nayandahalli Station, Rajarajeshwari Nagar Station,

Bengaluru University Cross Station, R V College of ENGG Station
2. partially on the service road —Kengeri Terminal Station
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4.1.17 Station Locations

1.

Nayandahalli Station

Nayandahalli Station will be the first station on Mysore Road Terminal — Kengeri
line. The elevated station has been proposed on the middle of Mysore Road
leading towards Kengeri/Mysore. The station is located on the centre of the
Mysore road. The chainage of the station is (-) 764.50. The main access to the
station is proposed across the road. Ancillary Structures required for operational
activities have been housed in vacant area on LHS.

Rajarajeshwari Nagar

This will be an elevated station, on the middle of the Mysore road leading towards
Mysore. The station is located on the middle of Mysore road. The chainage of the
station is (-)1600. The main access to the station is proposed across the road.
Ancillary Structures required for operational activities have been housed in vacant
area on LHS.

Bengaluru University Cross

This will be the third station on Mysore Road Terminal — Kengeri line. The
elevated station has been proposed on the middle of Mysore Road leading
towards Mysore. The station is located on the middle of Mysore road. The
chainage of the station is (-)2400. The accesses to the station are proposed
across the road. Ancillary Structures required for operational activities have been
housed in part of the area on RHS.

RV College of ENGG

This will be the 4™ station on Mysore Road Terminal — Kengeri line. The elevated
station has been proposed on the middle of Mysore Road leading towards
Mysore. The station is located on the middle of the Mysore road. The chainage of
the station is (-)4400. The access to the station is proposed across the road.
Ancillary Structures required for operational activities have been housed in open
area on RHS.

Kengeri

This will be the 5" station on Mysore Road Terminal — Kengeri line. The
elevated station has been proposed on the middle of left side service road of
Mysore Road leading towards Mysore. The chainage of the station is (-)6185.
The access to the station is proposed across the road. Ancillary Structures
required for operational activities have been housed in open area on LHS. This
Station is planned by the side of under construction BMTC Depot and hence
traffic integration with the BMTC is to be planned in this Station area.
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4.2 EXTENSION OF EAST WEST LINE FROM BAIYYAPPANAHALLI - ITPL -
WHITEFIELD

4.2.1 Introduction

The extension of Baiappanahalli Station of Phase — | to Whitefield is a double line
elevated corridor of route length of 15.50 km (up to dead end

Stations up to Whitefield:

1) Jyothipuram Station Ch.19800
2) K.R.Puram Station Ch.20625
3) Narayanapura Station Ch.21500
4) Mahadevapura Station Ch.22400
5) Garudacharpalya Station Ch.23600
6) Doddanekkundi Ind Area Station Ch.24635
7) Vishveshwaraiah Ind Area Station Ch.25635
8) Kundalahalli Station Ch.26500
9) Vydehi Hospital Station Ch.27500
10) Sathya Sai Hospital Station Ch.28300
11) ITPL Station Ch.29750
12) Kadugodi Station Ch.30800
13) Ujwala Vidyalaya/Whitefield Cross Station Ch.31800
14) Whitefield Station Ch.32800

Baiyyappanabhalli station along with the depot at the east end of E ~ W corridor
is located on the NGEF land by the side of Old Madras Road as elevated
Terminal Station.

This alignment is to be extended towards east on Old Madras Road —
Whitefield Road up to ITPL in phase-ll and beyond up to Whitefield Railway
Station in future.

The hub for the IT industry after Electronic City is the ITPL area. The
Doddanekkundi Industrial Estate, Visveshwaraiah Industrial Estate, KIADB
Export Promotional industrial Area etc are also existing along this line which
caters for a large number of clientele. There has been a lot of development
around Whitefield. The Whitefield Railway Station is being planned to make it
a transportation hub on the eastern side. Sri. Sathya Sai Baba Ashram is near
Whitefield Railway Station. All these cater for large ridership. Also as per the
traffic survey, the traffic on the Phase-l E-W line is almost doubled by the
extension of this line up to Whitefield and hence the necessity of extension of
Baiyyappanahalli to Whitefield.

4.2.2 REFERENCE POINT

The centre line of Baiyyappanahalli Terminal Metro station has been taken as 0.00 km
for reckoning of chainage on Baiyyappanahalli — ITPL/MWhitefield line. Chainage
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increases from Balyyappanahalll Terminal Metro station to ITPL/Whitefield Terminal
Metro station.

4.2.3 REFERENCE LINE
Line from Baiyyappanahalli Terminal station to Whitefield Terminal station is named
‘Down Line’ and from Whitefield Terminal to Baiyyappanahalli is named as ‘Up Line’.
4.2.4 Index Plan of the alignment from the Centre line of Baiyyappanahalli Terminal Metro
station to Dead end of Whitefield Terminal Metro station is given at Figure 4.2
FIGURE 4.2 BAIYAPPANAHALLITO ITPL -WHITEFIELD
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4.2.5 ALIGNMENT PLANNING AND DESIGN NORMS
The entire alignment of this line is elevated. As the work on the Phase-I| of the project
on the elevated stretches have been already started and in progress, the planning
norms & design parameters viz., horizontal curves, vertical alignment, design speed,
track centre etc are finalized duly keeping the same norms.
For planning convenience and narrative purpose, the extreme end of the line i.e.
about 300M beyond ITPL/Whitefield Station has been referred as ITPL/Whitefield
Dead end.
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4.2.6 TERMINAL STATION

4.2.7

It is proposed to plan elevated terminal station at ITPL Terminal near the ITPL, being
the last station on this corridor for the present. At the end of this station, the train
reversal facilities are being proposed towards extreme end by providing crossover and
dead end. The C/L of the station is at chainage 29.75 km whereas the Dead End is at
chainage 30.200km. In case Line is extended upto Whitefield, the Centre Line
Chainage of Whitefield will be 32800 with deadend as Ch. 33250.

HORIZONTAL ALIGNMENT

The extension line starting from Baiyyappanahalli Depot main line dead end is
continued on the south side of Bangalore - Chennai line (out side the railway
boundary). Then the metro line crosses Bangalore -Salem line and the loop railway
line to Baiyyappanahalli in one long span of about 40 mts and crosses the Kasturi
Nagar road and then the outer ring road and reaches the median of the Old Madras
road for a small length and then slightly shifted to the left side of the median to avoid
the ramp of the Cable Stay Bridge and then the alignment crosses the approach of the
Cable Stay Bridge and joins the Whitefield road. The metro alignment will also enter
the Whitefield road at elevated level. The metro alignment continues between the
Railway land and the outer ring road and reaches the median of Whitefield road. After
crossing the flyover the alignment continues to be on the median of Whitefield road till
the junction of Graphite India Road. Here the alignment turns to right and reaches the
median of Graphite India Road. The alignment will be on the median of Graphite India
Road till the junction of Road 2 (opp to Graphite India Research & Development
Centre) where it takes a turn to the left and reaches the median of Road 2 and runs
on the median of Road 2 till opposite to SAP Labs India Ltd. After this the alignment
runs on the median till approx Ch.26800 (where it has two H T line crossings), at this
location the overhead High Tension (HT) lines of 220 KV are running along the
median of the road and hence the metro line is taken on the right side of the road till
the crossing of Road 2 and Road 8 (Vydehi Hospital). Here the metro alignment takes
a left turn after crossing H T lines twice and taken on the right side of Road 8/1% Main
Road till short of Whitefield road. Here the metro alignment traverses on the existing
vacant land (of DAN Hospitality India Pvt Ltd.) and turns right to reach Whitefield road.
The alignment continues to be on the median up to the ITPL metro Station up to which
the construction in first stage of extension is planned. The dead end of this station
would be Ch.30100.

There are eleven stations on this extension of Baiyyappanahalli — ITPL line namely
Jyothipuram (Ch19800), K.R. Puram (Ch.20625), Narayanapura (Ch.21500),
Mahadevapura (Ch.22,400), Garudacharpalya (Ch.23,600), Doddanekkundi Ind Area
(Ch.24,635), Visveshwaraiah Ind Area (Ch.25635), Kundalahalli (Ch.26,500), Vydehi
Hospital (Ch.27,500), Satya Sai Hospital (Ch.28,300) and ITPL Terminal (Ch.29,750).
This extension is fully elevated line from Baiyyappanahalli to ITPL Terminal. Provision
has been kept for extending the line beyond ITPL Terminal in future in stage-ll i.e upto
Whitefield, wherein the the last station will be at Whitefield at Chainage 32800 with
deadend at Ch. 33250.

The line may be continued later in stage |l to Whitefield from the dead end of ITPL
station along the median of Whitefield road till the junction of Whitefield Station
road/Chennasandra Circle. Here the metro alignment turns to the left and reaches the
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median of Whitefield Station road and continues along the median up to short of the
Railway flyover. Here the alignment turns towards left of the flyover and terminates
before the railway lines.

There are three stations on the stage Il extension of ITPL — Whitefield line namely
Kadugodi (Ch30800), Ujwala Vidyalaya/Whitefield Cross (Ch.31800) and Whitefield
Terminal (Ch.32800).

4.2.8 CURVES

Total number of 58 horizontal curves has been provided up to Whitefield Terminal

dead end (46 curves up to ITPL). The radius of curves varies from 122m to 10000m.

Hence, the sharpest curve is 122 m. A statement of curves is given at Table 4.5:

TABLE 4.5 STATEMENTS OF CURVES
B.HALLI TO WHITEFIELD CURVE DETAILS AS ON 15.07.2010
{ { I (Horizontal
c o | Radiu Deflection Angle Transition | Circular Total Staight
g 22 | s(m) Length (m) | Curve Curve | between
5393 Length | Length
0% =% (m)
o D M S L1 L2
1 | Right 800 7 22 57.6 55 55 48.08 158.08 167.368
2 | Right 250 38 5 35.4 55 55 111.21 221.21 31.995
3 Left 900 4 55 6.4 40 40 37.26 117.26 81.387
4 Left 200 27 12 46.3 40 40 54.99 134.99 68.679
5 Left 1050 11 43 29.1 30 30 184.87 244.87 39.613
6 | Right | 1000 6 44 39.2 25 25 92.71 142.71 399.376
7 Left 2000 3 56 23.7 15 15 122.53 152.53 97.749
125..2

8 | Right 0 51 11 9.9 55 55 56.88 166.88 0.019
9 Left 150 33 49 57.2 55 55 33.57 143.57 83.944
10 | Right 300 19 9 33.2 55 55 45.32 155.32 15.101
11 Left 1200 3 20 54.7 20 20 50.13 90.13 4.302
12 | Left 3500 0 40 21.4 10 10 31.09 51.09 266.477
13 | Right | 4000 0 33 33.6 10 10 29.05 49.05 52.182
14 | Right | 175.8 | 29 39 36.7 55 55 36.01 146.01 0.047
15 | Right 375 15 54 13 55 55 49.09 159.09 27.632
16 | Left 220 22 50 2.4 55 55 32.68 142.68 165.248
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17 | Left 600 7 42 41 40 40 40.753 | 120.753 68.893
18 | Right | 9000 0 15 15.4 10 10 29.94 49.94 43.619
19 | Right 700 6 2 4.3 30 30 43.73 103.73 72.015
20 | Left 400 16 51 447 55 55 62.72 172.72 102.411
21 | Right 400 11 43 44.6 55 55 26.88 136.88 81.318
22 | Left 1000 5 54 56.8 25 25 78.25 128.25 42,293
23 | Right | 2500 0 59 11.1 15 15 28.04 58.04 79.203
24 | Left 8000 0 34 21.9 10 10 69.97 89.97 34.734
25 | Right | 1250 2 7 39.7 20 20 26.42 66.42 0.349
26 Left 520 7 28 6.5 40 40 27.78 107.78 47.735
27 | Right | 1221 71 52 22.6 55 55 98.16 208.16 36.713
28 | Left 800 7 13 41.9 55 55 45,93 155.93 363.158
29 | Left 6000 1 2 59.8 10 10 99.95 119.95 72.572
30 | Right 350 17 1 59.1 55 55 49.05 159.05 26.053
31 Left 860 15 1 37.3 30 30 195.55 255.55 151.683
32 | Left 2750 1 19 1.5 15 15 48.22 78.22 43.987
33 | Left 123 72 25 28.9 55 55 100.44 210.44 0.004
34 | Right 575 6 42 56.9 40 40 27.4 107.4 233.714
35 | Right | 1750 1 59 13.1 25 25 35.69 85.69 133.989
36 | Left 1000 4 53 57 25 25 60.51 110.51 71.608
37 | Right 675 6 2 36.2 40 40 31.2 111.2 30.247
38 | Left 750 5 2 47.5 40 40 26.06 106.06 669.287
39 | Left 1221 93 46 15.8 55 55 144.83 254.83 149.036
40 | Right | 1004.8 | 30 13 36.8 25 25 505.09 555.09 0.019
41 | Right 500 8 49 48.7 40 40 37.06 117.06 48.853
42 | Right 250 22 26 0.6 55 55 42.88 152.88 71.004
43 | Left 122.1 32 54 36.5 40 40 30.13 110.13 46.235
44 | Right | 122.1 68 29 50.4 40 40 105.97 185.97 106.8
45 | Left 700 6 50 32.3 40 40 43.59 123.59 51.797
46 | Left 1500 1 59 13.4 25 25 27.02 77.02 27.009
47 | Left | 10000 0 19 38.2 10 10 47.12 67.12 149.326
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48 | Right | 407 17 | 34 38 55 55 69.86 179.86 0.028
49 | Left | 1100 | 2 42 10.9 25 25 26.89 76.89 42.144
50 | Left | 7000 | O 19 32.6 10 10 29.79 49.79 214.767
51 | Right | 1500 7 19 3.9 25 25 166.58 | 216.58 | 109.054
52 | Left | 2500 1 34 41.6 25 25 43.86 93.86 92.476
53 | Left | 6000 | O 20 54.1 10 10 26.48 46.48 | 211.528
54 | Left | 122.1 | 88 3 15.9 55 55 132.65 | 242.65 90.733
55 | Right | 3500 1 9 44.7 10 10 61.01 81.01 106.182
56 | Left | 3000 | O 48 57.7 10 10 32.73 52.73 173.151
57 | Right | 500 15 | 17 38 40 40 93.46 173.46 | 187.071
58 | Left 400 18 | 19 37 55 55 72.95 182.95 | 329.745
4.2.9 GRADIENTS
The detail statement of gradients is placed in tables 4.6:
S. No. Chainage Length (m)
From To
Gradient | Remarks

1 18400.000 | 18834.325 434.325 0.00% | Level

2 18834.325 | 18865.675 31.350 - -

3 18865.675 | 18926.907 61.232 -1.39% Fall

4 18926.907 | 18953.093 26.186 - -

5 18953.093 | 19097.254 144,161 0.35% Rise

6 19097.254 | 19122.746 25.492 - -

7 19122.746 | 19388.109 265.363 1.08% Rise

8 19388.109 | 19411.891 23.782 - -

9 19411.891 | 19598.643 186.752 -0.50% Fall

10 | 19598.643 | 19621.357 22.714 - -

11 19621.357 | 19973.736 352.379 0.00% | Level

12 119973.736 | 20026.264 52.528 - -

13 | 20026.264 | 20398.736 372.472 3.50% Rise

14 | 20398.736 |20451.264 52.528 - -

15 | 20451.264 | 20794.453 343.189 0.00% | Level
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16 | 20794.453 | 20817.547 23.094 - -
17 | 20817.547 | 21056.805 239.258 -0.92% Fall
18 | 21056.805 | 21093.195 36.390 - -
19 |21093.195 | 21308.046 214.851 -3.35% Fall
20 |21308.046 |21358.292 50.246 - -
21 21358.292 | 21674.485 316.193 0.00% | Level
22 | 21674.485 | 21696.853 22.368 - -
23 | 21696.853 | 21898.996 202.143 -0.89% Fall
24 | 21898.996 | 21924.342 25.346 - -
25 | 21924.342 | 22231.067 306.725 0.37% Rise
26 | 22231.067 |22251.933 20.866 - -
27 | 22251.933 |22518.972 267.039 0.00% | Level
28 | 22518.972 | 22558.028 39.056 - -
29 | 22558.028 |22723.483 165.455 -2.60% Fall
30 | 22723.483 | 22757.855 34.372 - -
31 22757.855 | 23029.759 271.904 -0.31% Fall
32 | 23029.759 |23051.578 21.819 - -
33 | 23051.578 | 23165.394 113.816 -1.49% Fall
34 | 23165.394 | 23205.944 40.550 - -
35 | 23205.944 | 23494.764 288.820 1.21% Rise
36 | 23494.764 | 23516.573 21.809 - -
37 |23516.573 | 23715.066 198.493 0.00% | Level
38 | 23715.066 | 23736.271 21.205 - -
39 | 23736.271 | 23835.938 99.667 -0.62% Fall
40 |23835.938 |23856.558 20.620 - -
41 23856.558 | 23973.423 116.865 0.66% Rise
42 | 23973.423 |23995.125 21.702 - -
43 | 23995.125 | 24157.892 162.767 -0.37% Fall
44 | 24157.892 | 24193.446 35.554 - -
45 | 24193.446 | 24525.654 332.208 2.00% Rise
46 | 24525.654 | 24555.683 30.029 - -
47 | 24555.683 | 24763.055 207.372 0.00% | Level
48 | 24763.055 | 24788.282 25.227 - -
49 | 24788.282 | 24995.263 206.981 -1.68% Fall
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50 24995.263 | 25016.074 20.811 - -
51 25016.074 | 25274.069 257.995 -0.46% Fall
52 25274.069 | 25307.268 33.199 - -
53 25307.268 | 25512.500 205.232 1.76% Rise
54 25512.500 | 25538.837 26.337 - -
55 25538.837 | 25828.360 289.523 0.00% | Level
56 25828.360 | 25862.977 34.617 - -
57 25862.977 | 26105.317 242.340 -2.31% Fall
58 26105.317 | 26126.020 20.703 - -
59 26126.020 | 26222.197 96.177 -1.45% Fall
60 26222.197 | 26279.141 56.944 - -
61 26279.141 | 26394.536 115.395 2.35% Rise
62 26394.536 | 26429.802 35.266 - -
63 26429.802 | 26659.424 229.622 0.00% | Level
64 26659.424 | 26691.914 32.490 - -
65 26691.914 | 26825.961 134.047 -1.72% Fall
66 26825.961 | 26846.376 20.415 - -
67 26846.376 | 26984.482 138.106 -1.67% Fall
68 26984.482 | 27006.855 22.373 - -
69 27006.855 | 27148.678 141.823 -0.18% Fall
70 27148.678 | 27182.659 33.981 - -
71 27182.659 | 27375.002 192.343 2.09% Rise
72 27375.002 | 27406.335 31.333 - -
73 27406.335 | 27714.069 307.734 0.00% | Level
74 27714.069 | 27757.269 43.200 - -
75 27757.269 | 27950.836 193.567 -2.88% Fall
76 27950.836 | 28030.501 79.665 - -
77 28030.501 | 28172.436 141.935 2.43% Rise
78 28172.436 | 28208.901 36.465 - -
79 28208.901 | 28423.493 214.592 0.00% | Level
80 28423.493 | 28457.844 34.351 - -
81 28457.844 | 28710.257 252.413 -1.72% Fall
82 28710.257 | 28743.743 33.486 - -
83 28743.743 | 28929.507 185.764 0.52% Rise
Bangalore Metro Phase-Il DPR (four extensions) July 2011
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84 28929.507 | 28951.830 22.323 - -
85 28951.830 | 29097.879 146.049 0.33% Rise
86 29097.879 | 29119.458 21.579 - -
87 29119.458 | 29345.163 225.705 0.39% Rise
88 29345.163 | 29366.174 21.011 - -
89 29366.174 | 29627.811 261.637 0.94% Rise
90 29627.811 | 29648.526 20.715 - -
91 20648.526 | 29851.133 202.607 0.00% | Level
92 29851.133 | 29900.204 49.071 - -
93 29900.204 | 29991.955 91.751 -3.27% Fall
94 29991.955 | 30039.382 47.427 - -
95 30039.382 | 30187.632 148.250 -0.11% Fall
96 30187.632 | 30208.705 21.073 - -
97 30208.705 | 30285.635 76.930 0.59% Rise
98 30285.635 | 30305.702 20.067 - -
99 30305.702 | 30430.529 124.827 0.48% Rise
100 | 30430.529 | 30460.809 30.280 - -
101 | 30460.809 | 30626.919 166.110 2.50% Rise
102 | 30626.919 | 30664.419 37.500 - -
103 | 30664.419 | 30904.725 240.306 0.00% | Level
104 | 30904.725 | 30948.613 43.888 - -
105 | 30948.613 | 31063.289 114.676 -2.93% Fall
106 | 31063.289 | 31088.048 24.759 - -
107 |31088.048 | 31311.311 223.263 -1.80% Fall
108 | 31311.311 | 31333.387 22.076 - -
109 | 31333.387 | 31500.540 167.153 -1.82% Fall
110 | 31500.540 | 31540.158 39.618 - -
111 1 31540.158 | 31628.149 87.991 0.82% Rise
112 | 31628.149 | 31650.549 22.400 - -
113 | 31650.549 | 31875.854 225.305 0.00% | Level
114 | 31875.854 | 31912.844 36.990 - -
115 [31912.844 | 32229.737 316.893 -2.47% Fall
116 | 32229.737 | 32258.960 29.223 - -
117 1 32258.960 | 32648.345 389.385 -0.52% Fall
Bangalore Metro Phase-!l DPR (four extensions) July 2011
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118 | 32648.345 | 32670.353 22.008 - =
119 | 32670.353 | 32873.991 203.638 0.00% | Level

4.2.10 Detailed Alignment Plans are given in Drawing No. Phase-l Extn/E-W
(Baiyyappanahalli — ITPL/Whitefield)/AL/GAD line/2010 (Sheet No1 to 23/29).

4.211 LAND

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 and costly
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.

e Receiving/Traction Sub-stations
Radio Towers

o Property Development.

4.2.12 Break-up of Land requirement

Out of the total land requirement of 62742.94Sgm, the Private Land is
62682.94sq.m and the Government Land is 60.00 Sgm. Section-wise land
requirement for elevated section and ownership of the land is given at table 4.4. In
addition, the Land requirement for stage Il extension including Stations (3 Nos) &
depot has been worked out separately and is 80229.42 Sgm (Pvt land).

Table 4.7
LAND REQUIREMENT & OWNERSHIP
Sl. From To Pvt Land Govt Land | Total Land area in
No. chainage | chainage |in sq.m in Sgm Sgm
1. ] 18595 18750 1723.10 - 1723.10
2. 118920 18990 951.95 - 951.95
3. 119200 19245 520.48 - 520.48
4. | 19300 19400 2127.33 - 2127.33
5.119730 19870 0 - 0
6. | 19870 20555 5968.52 - 5968.52
7.1 20555 20695 3525.56 - 3525.56
8. | 20695 21430 3839.85 60.00 3899.85
9. | 21430 21570 1034.37 - 1034.37
10. | 21570 22330 87.80 - 87.80
11. | 22330 22470 3362.65 - 3362.65
12. 122470 23530 0 - 0
13. ] 23530 23670 3443.45 - 3443.45
14. | 23670 24565 3866.54 - 3866.54
15. | 24565 24705 3957.54 - 3957.54
16. | 24705 25565 382.15 - 382.15
17. | 25565 25705 3906.22 - 3906.22
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18. | 25705 26430 1752.40 - 1752.40
19. | 26430 26570 3603.91 - 3603.91
20. | 26570 27430 1547.64 - 1547.64
21. | 27430 27570 2560.60 - 2560.60
22. | 27570 28230 1990.73 - 1990.73
23. | 28230 28370 3330.99 - 3330.99
24. | 28370 29680 5681.87 - 5681.87
25. | 29680 29820 3517.09 - 3517.09
26. | 29820 30100 0 - 0
TOTAL 62682.94 60.00 62742.94
ITPL - WHITEFIELD
27. 130100 30730 0 - 0
28. | 30730 30870 3389.71 - 3389.71
29. | 30870 31730 2188.54 - 2188.54
30. | 31730 31870 3506.95 - 3506.95
31. 131870 32730 1705.58 - 1705.58
32. | 32730 32870 4438.64 - 4438.64
33. [ 31900 32300 65000.00 65000.00*
TOTAL 80229.42 - 80229.42

B For Stations shown in blue
* For Car maintenance Depot
4.2.13 Land for Property Development
It is proposed that vacant plot of an area of approx 3000 sq.m near Narayanapura
Station (Chainage 21500), and approx 5800 Sgqm near Garudacharpalya Station
(Chainage 23600) would be utilized for Property Development (Total of 8800Sqm).

4.2.14 The important locations and reference points along the corridor is presented in table

4.8 as under:

TABLE 4.8

S.N Chainages Important Locations ! | Locations w.r.t
reference points alignment

From To

1. 18595 19800 Benniganahalli B T Road Right
SWR line x-ing (Salem line) Across
B T Road Across
Loop from Bangalore end of | Across
Old Madras Road to ORR
Loop from Chennai end of Old | Across
Madras Road to ORR
Loop from ORR TO Old | Across
Madras Road
BT Road Right
BT Road RHS

2 19800 | 20625 BT Road LHS
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BT Road LHS
BT Road LHS
BT Road LHS
BT Road LHS
3 20625 21500 Cable Stay Bridge x-ing Across
ORR RHS
4 21500 | 22400 BT Road RHS
BT Road RHS
Mud Road RHS
BT Road RHS
BT Road RHS
BT Road RHS
BT Road RHS
BT Road RHS
BT Road RHS
BT Road LHS
5 22400 | 22600 BT Road RHS
BT Road RHS
Mud Road RHS
BT Road LHS
Mud Road RHS
Mud Road RHS
Mud Road RHS
BT Road RHS
BT Road LHS
Mud Road LHS
Mud Road RHS
BT Road LHS
BT Road RHS
Mud Road RHS
BT Road RHS
Mud Road RHS
Mud Road RHS
Mud Road RHS
Mud Road RHS
Mud Road RHS
Road LHS
Mud Road RHS
Mud Road RHS
6 23600 | 24635 B T Road LHS
B T Road RHS
B T Road LHS
B T Road LHS
Whitefield Road LHS
Graphite India Road Along
B T Road LHS
7 24635 | 25635 B T Road RHS
Hudi Main Road LHS
Akshaya L:ayout Road RHS
B T Road LHS
Road LHS
8 25635 | 26500 Whitefield Road RHS
SeethaRama Palya Road LHS
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9 26500 | 27500 U India Road RHS
B T Road RHS
Way to KTPO Exhibition | LHS
Complex
Way to Genisys Software LHS

10 27500 | 28300 Way to Vydehi Hospital (Road | RHS
2B)
B T Road (Road No.7) LHS
B T Road RHS

11 28300 | 29750 B T Road (Road No.10) LHS
B T Road LHS
Way to Mahadevapura | LHS
(Whitefield Main Road)
B T Road RHS
B T Road LHS
B T Road (Pattandur Agrahara { RHS
Road)

12. 29750 30800 B T Road (Way to Central | LHS
wayside Company Ltd)
B T Road RHS
B T Road RHS
Mud Road RHS
Mud Road RHS

13 30800 | 31800 B T Road LHS
B T Road RHS
Whitefield Road RHS
Chennasandra Main Road RHS
Whitefield Station Road Along

4.2.15 STATION PLANNING

Baiyyappanahalli — ITPL- Whitefield alignment covers 14.22 kms of which 11.50 kms is
the length from Baiyyappanahalli to ITPL and consists of the following 11 stations up to

ITPL:

Jyothipuram Station Ch.19800

K.R.Puram Station Ch.20625

Narayanapura Station Ch.21500
Mahadevapura Station Ch.22400
Garudacharpalya Station Ch.23600

Vishveshwaraiah Ind Area Station Ch.25635
Kundalahalli Station Ch.26500
Vydehi Hospital Station Ch.27500

) Sathya Sai Hospital Station Ch.28300

1)
2)
3)
4)
S)
6) Doddanekkundi Ind Area Station Ch.24635
7)
8)
9)
10
11

) ITPL Station Ch.29750

ITPL to Whitefield alignment consisting of the following 3 Stations:

12) Kadugodi Station Ch.30800

13) Ujwala Vidyalaya/Whitefield Cross Station Ch.31800

Bangalore Metro Phase-Il DPR (four extensions)
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14) Whitefield Station Ch.32800

4.2.16 Station Design
All the stations would be elevated with the following configuration;

1 on the middle of the road — Jyothipuram Station, Narayanapura Station,
Mahadevapura Station, Garudacharpalya Station, Doddanekkundi Ind Area
Station, Vishveshwaraiah Ind Area Station, Kundalahalli Station, ITPL Station,
Kadugodi Station and Ujwala Vidyalaya/Whitefield Cross.

2 partially on the road — K.R. Puram Station, Vydehi Hospital Station, Satya Sai
Hospital Station and Whitefield Station.

4.2.17 Station Locations
1.Jyothipuram Station

Jyothipuram Station is the first station on Baiyyappanahalli — ITPL Terminal line.
The elevated station has been proposed on the middle of Old Madras Road. The
chainage of the station is 19800. The main access to the station is proposed
across the road.

2 K R Puram Station

This is an elevated station, on the left side of the Old Madras road. The chainage
of the station is 20625. The main access to the station is proposed by the side of
road. Ancillary Structures required for operational activities have been housed in
vacant area on LHS.

3 Narayanapura Station

This is the third station on Baiyyappanhalli — ITPL Terminal line. The elevated
station has been proposed on the middle of Whitefield Road leading towards
Whitefield. The chainage of the station is 21500. The access to the station is
proposed across the road. Ancillary Structures required for operational activities
have been housed on RHS.

4. Mahadevapura Station
This is the 4" station on Baiyyappanahalli — ITPL Terminal line. The elevated
station has been proposed on the middle of Whitefield Road leading towards
Whitefield. The chainage of the station is 22400. The access to the station is
proposed across the road. Ancillary Structures required for operational activities
have been housed in open area on RHS.

5. Garudacharpalya Station
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This is the 5" station on Baiyyappanahalli — ITPL Terminal line. The elevated
station has been proposed on the middle of Whitfield Road leading towards
Whitefield. The chainage of the station is 23600. The access to the station is
proposed across the road. Ancillary Structures required for operational activities
have been housed in open area on LHS.

6. Doddanekkundi Industrial Area Station

This is the 6" station on Baiyyappanahalli — [TPL Terminal line. The elevated
station has been proposed on the middle of Graphite India Road. The chainage
of the station is 24635. The access to the station is proposed across the road.
Ancillary Structures required for operational activities have been housed in open
area on RHS.

7 Visveshwaraiah Ind Area Station

This is the 7" station on Baiyyappanahalli = ITPL Terminal line. The elevated
station has been proposed on the middle of Graphite India Road. The chainage
of the station is 25635. The access to the station is proposed across the road.
Ancillary Structures required for operational activities have been housed in open
area on RHS.

8 Kundalahalli Station

This is the 8" station on Baiyyappanahalli — ITPL Terminal line. The elevated
station has been proposed on the middle of Road 2. The chainage of the station
is 26500. The access to the station is proposed across the road. Ancillary
Structures required for operational activities have been housed in open area on
LHS.

9 Vydehi Hospital Station

This is the 9" station on Baiyyappanahalli — ITPL Terminal line. The elevated
station has been proposed on the RHS of Road 8. The chainage of the station is
27500. Ancillary Structures required for operational activities have been housed in
open area on RHS.

10 Satya Sai Hospital Station

This is the 10" station on Baiyyappanahalli — ITPL Terminal line. The elevated
station has been proposed on the RHS of 1 Main Road. The chainage of the
station is 28300. Ancillary Structures required for operational activities have been
housed in open area on RHS.

11 ITPL

This is the 11" and last station on Baiyyappanahalli — ITPL Terminal line of
Stage-l. The elevated station has been proposed on the middle of Whitefield
Road. The chainage of the station is 29750. The access to the station is
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proposed across the road. Ancillary Structures required for operational activities
have been housed in open area on LHS.

12 Kadugodi Station

This is the 1% station on ITPL - Whitefield Terminal stage Il extension (the 12"
Station on Baiyyappananahalli — ITPL — Whitefield extension) line. The elevated
station has been proposed on the middle of Whitefield Road. The chainage of the
station is 30800. The access to the station is proposed across the road. Ancillary
Structures required for operational activities have been housed in open area on
LHS.

13 Ujwala Vidyalaya/Whitefield Cross Station

This is the 2™ station on ITPL - Whitefield Terminal Stage Il extension (the 13"
Station on Baiyyappananahalli — ITPL — Whitefield extension) line. The elevated
station has been proposed on the middle of Whitefield Station Road. The
chainage of the station is 31800. The access to the station is proposed across the
road. Ancillary Structures required for operational activities have been housed in
open area on LHS.

14 Whitefield Terminal Station

This is the 3™ and Terminal station on ITPL - Whitefield Terminal Stage-ll
extension line (the last Terminal Station on Baiyyappananahalli — ITPL -
Whitefield extension). The elevated station has been proposed on the LHS of
Whitefield Station Road by the side of flyover. The chainage of the station is
32800. The access to the station is proposed across the road. Ancillary Structures
required for operational activities have been housed in open area on LHS.

Conceptual Plans of the above-proposed Metro Stations are given in set of
Drawings

4.3 EXTENSION OF NORTH - SOUTH LINE FROM PUTTENAHALL!I CROSS TO
ANJANAPURA TOWNSHIP (Up to NICE Road Crossing)

4.3.1 DESCRIPTION OF ALIGNMENT

The line from Puttenahalli Cross of Phase — | to Anjanapura Township (up to NICE Road
Crossing) along Kanakapura Road is an elevated standard gauge corridor with double
line section having a route length of 6.29 km (up to dead end) and 5 stations (apart
from Puttenahalli Cross Station).

e Puttenahalli Cross station at the south end of N — S Phase-l corridor is located

on the Kanakapura road after the Outer Ring Road junction as elevated
Terminal Station.
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4.3.5
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e This alignment can be extended on the Kanakapura road up to Anjanapura
Township (NICE Road Croosing).

» 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
Anjanapura Township (NICE road x-ing) along Kanakapura road. There is
good ridership from this part of the city who travel to & fro City Center.
Therefore the necessity of extension of Phase-I N-S line on the southern side
to Anjanapura Township (NICE road x-ing) is felt.

REFERENCE POINT

The centre line of Puttenahalli Cross Metro station has been taken as 0.00 km for
reckoning of chainage on Puttenahalli — Anjanapura Township line. Chainage
increases from Puttenahalli Cross Metro station to Anjanapura Township Terminal
Metro station.

REFERENCE LINE

Line from Puttenahalli Cross station to Anjanapura TownshipTerminal station has
been named ‘Up Line’ and from Anjanapura Township Terminal to Puttenahalli Cross
has been named as ‘Down Line'.

Index Plan of the alignment from the Centre line of Puttenahalli Cross Metro station to
Dead end of Anjanapura Township Terminal Metro station is given at Figure 4.3

ALIGNMENT PLANNING AND DESIGN NORMS

The entire alignment of this line is ELEVATED. As the work on the Phase-l 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
Puttenahalli Cross — Anjanapura Township Terminal line.

For planning convenience and narrative purpose, the extreme end of the line i.e.
about 300M beyond Anjanapura Township Terminal Station has been referred as
Anjanapura Township Dead end.
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PUTTENANAHALLI CROSS TO ANJANAPURATOWNSHIP
TERMINAL STATION

It is proposed to plan elevated terminal station at Anjanapura Township near the NICE
road crossing, 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-over and dead end. The C/L of the station is at chainage 24.182 km whereas
the Dead End is at chainage 24.632km.

HORIZONTAL ALIGNMENT

The line starting from the existing dead end of Puttenahalli Cross Station continues to
be on the median of the Kanakapura road and traverse along the median up to
Anjanapura Township (NICE road x-ing). There are five stations on this extension of
Puttenahalli Cross — Anjanapura Township line namely Anjanapura Road Cross
(Ch18900), Krishna Leela Park (ISKON) (Ch.20083), Vajara Halli (Ch.21400),
Talaghattapura (Ch.22285) and Anjanapura Township Terminal (24182). This
extension is fully elevated line from Puttenahalli Cross to Anjanapura Township (NICE
road x-ing).
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4.3.8 CURVES
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Total number of 20 horizontal curves has been provided up to Anjanapura Township
dead end. The radius of curves varies from 122m to 9000m. Hence, the sharpest
curve is 122 m. A statement of curves is given at Table 4.9

TABLE 4.9 STATEMENT OF CURVES

PUTTENAHALLI TO NICE ROAD CURVE DETAILS

c o | Radius Deflection Transition | Circular | Total Straight
g S -% g (m) Angle Length Curve | Curve between
8 = 2 '5) (m) Length | Length
oo D[M| s |L1| L2 (m)
1 Right | 3000 | 5 | 52| 164 | 10 | 10 | 29742 | 317.42 199.569
2 Right | 5000 | O | 50| 9.1 10 | 10 62.94 82.94 177.053
3 Right | 9000 | 0 | 20| 3.9 10 | 10 42.53 62.53 237.846
4 Right | 2500 1 (14| 53 10 | 10 44.46 64.46 26.674
5 Right | 1000 | 4 |27 5562 | 15 | 15 62.93 92.93 29.047
6 Right 500 18 | 17| 3.2 40 | 40 119.56 199.56 783.471
7 Right | 3000 |30 | 1 | 106 | 10 | 10 | 148.11 | 168.11 348.48
8 Left | 1225 | 52 | 34| 104 | 55 | 55 57.4 167.4 29.548
9 Left 6000 | 1 | 8 | 478 | 10 | 10 | 110.07 | 130.07 131.723
10 Right | 1750 1 |46 | 243 | 20 | 20 34.17 7417 3593.025
11 Right 150 |38 [ 65| 95 55 | 55 46.89 156.89 63.16
12 Right | 2000 | 2 |16 1.3 10 | 10 69.13 89.13 74.05
13 Left 300 18 | 19| 365 | 55 | 55 40.96 150.96 25.583
14 Left 800 8 | 7 | 127 | 25 | 25 88.38 138.38 271.253
15 Left 4500 | 0 | 36| 341 | 10 | 10 37.87 57.87 399.751
16 Left 6000 | O |36 |54.10 | 10 | 10 54.41 74.41 124.556
17 Right | 2000 | 2 | 26| 8.2 15 | 15 70.02 100.02 48.703
18 Right | 605 8 | 45| 458 | 40 | 40 52.53 132.53 0.198
19 Right | 500 10 |46 | 1563 | 40 | 40 53.99 133.99 1.502
20 Left 300 | 27 20 37 55 | 55 88.12 198.12 438.346
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GRADIENTS
The detail statement of gradients is placed in tables 4.10:

Table 4.10 STATEMENT OF GRADIENTS

© 000000 0000000000000 V0G OO0 000000090000 0

Puttenahalli Cross to Anjanapura Township
S. No. Chainage Length (m)
From To
Gradient | Remarks

1 18400.000 | 18834.325 434.325 0.00% | Level
2 18834.325 | 18865.675 31.350 - -
3 18865.675 | 18926.907 61.232 -1.39% Fall
4 18926.907 | 18953.093 26.186 - -
5 18953.093 | 19097.254 144 161 0.35% Rise
6 19097.254 | 19122.746 25.492 - -

7 19122.746 | 19388.109 265.363 1.08% Rise
8 19388.109 | 19411.891 23.782 - -
9 19411.891 | 19598.643 186.752 -0.50% Fall
10 19598.643 | 19621.357 22.714 - -
11 19621.357 | 19973.736 352.379 0.00% | Level
12 19973.736 | 20026.264 52.528 - -
13 20026.264 | 20398.736 372.472 3.50% Rise
14 20398.736 | 20451.264 52.528 - -
15 20451.264 | 20794.453 343.189 0.00% | Level
16 20794.453 | 20817.547 23.094 - -
17 20817.547 | 21056.805 239.258 -0.92% Fall
18 21056.805 | 21093.195 36.390 - -
19 21093.195 | 21308.046 214.851 -3.35% Fall
20 21308.046 | 21358.292 50.246 - -
21 21358.292 | 21674.485 316.193 0.00% | Level
22 21674.485 | 21696.853 22.368 - -
23 21696.853 | 21898.996 202.143 -0.89% Fall
24 21898.996 | 21924.342 25.346 - -
25 21924.342 | 22231.067 306.725 0.37% Rise
26 22231.067 | 22251.933 20.866 - -
27 |22251.933 |22518.972 267.039 0.00% | Level
28 22518.972 | 22558.028 39.056 - -
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29 | 22558.028 | 22723.483 165.455 -2.60% Fall
30 |22723.483 |22757.855 34.372 - -
31 22757.855 | 23029.759 271.904 -0.31% Fall
32 | 23029.759 |23051.578 21.819 - -
33 | 23051.578 | 23165.394 113.816 -1.49% Fall
34 |23165.394 | 23205.944 40.550 - -
35 |23205.944 |23494.764 288.820 1.21% Rise
36 |23494.764 |23516.573 21.809 - -
37 |23516.573 | 23715.066 198.493 0.00% | Level
38 | 23715.066 |23736.271 21.205 - -
39 |23736.271 |23835.938 99.667 -0.62% Fall
40 |23835.938 |23856.558 20.620 - -
41 23856.558 | 23973.423 116.865 0.66% Rise
42 | 23973.423 | 23995.125 21.702 - -
43 | 23995.125 | 24157.892 162.767 -0.37% Fall
44 | 24157.892 | 24193.446 35.554 - -
45 | 24193.446 | 24525.654 332.208 2.00% Rise
46 | 24525.654 | 24555.683 30.029 - -
47 | 24555.683 | 24763.055 207.372 0.00% | Level
48 | 24763.055 | 24788.282 25.227 - -
49 | 24788.282 | 24995263 206.981 -1.68% Fall
50 | 24995.263 | 25016.074 20.811 - -
51 25016.074 | 25274.069 257.995 -0.46% Fali
52 | 25274.069 | 25307.268 33.199 - -
53 | 25307.268 | 25512.500 205.232 1.76% Rise
54 | 25512.500 |25538.837 26.337 - -
55 | 25538.837 | 25828.360 289.523 0.00% | Level
56 | 25828.360 |25862.977 34.617 - -
57 | 25862.977 |26105.317 242.340 -2.31% Fall
58 |26105.317 | 26126.020 20.703 - -
59 | 26126.020 |26222.197 96.177 -1.45% Fall
60 | 26222.197 |26279.141 56.944 - -
61 26279.141 | 26394.536 115.395 2.35% Rise
62 | 26394.536 | 26429.802 35.266 - -
63 | 26429.802 | 26659.424 229.622 0.00% | Level
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64 | 26659.424 | 26691.914 32.490 - -
65 | 26691.914 | 26825.961 134.047 -1.72% Fall
66 | 26825.961 |26846.376 20.415 - -
67 |26846.376 | 26984.482 138.106 -1.67% Fall
68 | 26984.482 | 27006.855 22.373 - -
69 | 27006.855 |27148.678 141.823 -0.18% Fall
70 | 27148.678 | 27182.659 33.981 - -
71 27182.659 | 27375.002 192.343 2.09% Rise
72 | 27375.002 |27406.335 31.333 - -
73 | 27406.335 |27714.069 307.734 0.00% | Level
74 | 27714.069 |27757.269 43.200 - -
75 | 27757.269 | 27950.836 193.567 -2.88% Fall
76 | 27950.836 | 28030.501 79.665 - -
77 | 28030.501 | 28172.436 141.935 2.43% Rise
78 | 28172.436 | 28208.901 36.465 - -
79 | 28208.901 |28423.493 214.592 0.00% | Level
80 | 28423.493 |28457.844 34.351 - -
81 28457.844 | 28710.257 252.413 1.72% Fall
82 |28710.257 |28743.743 33.486 - -
83 | 28743.743 | 28929.507 185.764 0.52% Rise
84 | 28929.507 | 28951.830 22.323 - -
85 |28951.830 |29097.879 146.049 0.33% Rise
86 | 29097.879 |29119.458 21.579 - -
87 |29119.458 |29345.163 225.705 0.39% Rise
88 | 29345.163 |29366.174 21.011 - -
89 |29366.174 |29627.811 261.637 0.94% Rise
90 |29627.811 |29648.526 20.715 - -
91 29648.526 | 29851.133 202.607 0.00% | Level
92 |29851.133 | 29900.204 49.071 - -
93 |29900.204 | 29991.955 91.751 -3.27% Fall
94 |29991.955 | 30039.382 47.427 - -
95 | 30039.382 |30187.632 148.250 -0.11% Fall
96 |30187.632 | 30208.705 21.073 - -
97 | 30208.705 | 30285.635 76.930 0.59% Rise
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98 | 30285.635 | 30305.702 20.067 - -
99 | 30305.702 | 30430.529 124.827 0.48% | Rise
100 | 30430.529 | 30460.809 30.280 - -
101 | 30460.809 | 30626.919 166.110 2.50% | Rise
102 | 30626.919 | 30664.419 37.500 - -
103 | 30664.419 | 30904.725 240.306 0.00% | Level
104 | 30904.725 | 30948.613 43.888 - -
105 | 30948.613 | 31063.289 114.676 -2.93% Fall
106 | 31063.289 | 31088.048 24.759 - -
107 | 31088.048 | 31311.311 223.263 -1.80% Fall
108 |31311.311 | 31333.387 22.076 - -
109 | 31333.387 | 31500.540 167.153 -1.82% Fall
110 | 31500.540 | 31540.158 39.618 - -
111 | 31540.158 | 31628.149 87.991 0.82% | Rise
112 | 31628.149 | 31650.549 22.400 - -
113 | 31650.549 | 31875.854 225.305 0.00% | Level
114 | 31875.854 |31912.844 36.990 - -
115 |31912.844 | 32229.737 316.893 -2.47% Fall
116 | 32229.737 | 32258.960 29.223 - -
117 | 32258.960 | 32648.345 389.385 -0.52% Fall
118 | 32648.345 | 32670.353 22.008 - -
119 | 32670.353 | 32873.991 203.638 0.00% | Level

4.3.10 Detailed Alignment Plans are given in Drawing No. Phase-I Extn/N-S (Puttenahalli
Cross — Anjanapura Township)/AL/GAD line/2010 (Sheet No.1 - 13).

4.3.11 LAND

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;

e Metro Structure (including Route Alignment), station Building, Platforms,
Entry/Exit Structures, Traffic Integration Facilities, etc.

e Receiving/Traction Sub-stations

o Radio Towers

¢ Property Development.
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4. 3.12 Break-up of Land requirement

Out of the total land requirement of 22340.45 Sgm, the Private Land is
22340.45 Sg.m and the Government Land is nil. Section-wise land requirement for
elevated section and ownership of the land is given at table 4.11.

Table 4.1

LAND REQUIREMENT & OWNERSHIP

Sl From To Pvt Land Govt Land | Total Land area in
No chainage chainage |insq.m in Sgm Sqm

1 18289.969 | 18820 18.88 - 18.88
2. 18820 18960 3782.93 - 3782.93
3. 18960 20030 419.82 - 419.82
4 20030 20170 403.93 - 403.93
5 20170 21351 325.35 - 325.35
6 21351 21491 4015.89 - 4015.89
7 21491 22330 677.67 - 677.67
8 22330 22470 4267.66 - 4267 .66
9. 22470 23805 2884.81 - 2884.81
10. 23805 23945 4270.73 - 4270.73
11. 23945 24290 1272.78 - 1272.78
TOTAL LAND REQUIREMENT 22340.45 - 22340.45

B For Stations shown in blue.

4.3.13 Land for Property Development

It is proposed that vacant plot of an area of approx 20000 sq.m on LHS near
Anjanapura Road Cross Station (Chainage 18890), approx 15000Sgm on LHS near
Krishna Leela Park (ISKON) Station (Chainage 20100), would be utilized for Property
Development (Total of 35000Sgm).

4.3.14 The important locations and reference points along the corridor is presented in table

4.12 as under :

TABLE 4.12
S.N | Chainages Important Locations / reference points Locations w.r.t
alignment
From To

1. 18289.969 18890 Way to Vasanthapura Main Road RHS
Amrutha Nagara Main Road (Road to LHS
Anjanapura Layout)
Canara Bank Road RHS

2 18890 20100 Way to Raja Farm LHS
A R Bridge Road RHS
Mud Road RHS
Mud Road LHS
Mud Road RHS
Mud Road LHS
Way to Vasanthapuram RHS
C C Road LHS
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B T Road LHS
B T Road LHS
B T Road LHS
20100 21421 Way to Gokulam Complex (Krishna Leela RHS
3 Park)
Way to Navarathna Gardens LHS
Way to Gubbala RHS
Mud Road LHS
24™ Main Road LHS
11" Main Road LHS
Mud Road LHS
Mud Road LHS
Manjunatha Nagar 1 Cross RHS
Manjunatha Nagar 2 Cross RHS
Manjunatha Nagar 3 Cross RHS
Manjunatha Nagar 4 Cross RHS
Manjunatha Nagar 5 Cross RHS
B T Road RHS
B T Road LHS
Mud Road LHS
Mud Road RHS
B T Road LHS
WBM Road LHS
5" Main Road LHS
4 21421 22400 B T Road RHS
Road to Kumaran College LHS
4™ Cross Road RHS
Road LHS
C C Road LHS
Mud Road RHS
Road LHS
Mud Road LHS
Way to Hollow block Factory LHS
5 22400 23875 Way to Library RHS
C Croad RHS
Metal Road LHS
B T Road RHS
B T Road RHS
Way to Judicial Layout LHS
Way to Yokile Garden LHS
C C Road RHS
Way to Suvidha Retirement Village LHS
6 23875 24290 Way to Lake View RHS
Nice Road loop to Electronic City LHS
NICE Road x-ing Ahead
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Puttenahalli Cross to Anjanapura Township alignment covers 6.00 km and consists of
the following 5 stations:

Anjanapura Road Cross Station Ch.18900
Krishna Leela Park (ISKON) Station Ch.20083
Vajarahalli Station Ch.21400

Thalaghattapura Station Ch.22285

Anjanapura Township Terminal Station Ch.24182

abroN =

4.3.16 Station Design

As per the configuration of alignment, all the stations would be elevated and on the
middle of the road.

4.3.17 Station Locations

1. Anjanapura Road Cross Station
Anjanapura Road Cross Station is the first station on Puttenahalli — Anjanapura
Township line. The elevated station has been proposed on the middle of
Kanakapura Road. The chainage of the station is 18900. The main access to the
station is proposed across the road. Ancillary Structures required for operational
activities have been housed in vacant area on LHS.

2. Krishna Leela Park (ISKON) Station

This is an elevated station, on the middle of the Kanakapura road. The station is
located on the middle of Kanakapura road. The chainage of the station is 20083.
The main access to the station is proposed across the road. Ancillary Structures
required for operational activities have been housed in vacant area on LHS.

3. Vajarahalli Station

This is the third station on Puttenahalli Cross — Anjanapura Township line. The
elevated station has been proposed on the middle of Kanakapura Road. The
chainage of the station is 21400. 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 on LHS.

4. Thalaghattapura Station

This is the 4" station on Puttenahalli Cross — Anjanapura Township line. The
elevated station has been proposed on the middle of Kanakapura Road. The
chainage of the station is 22285. The access to the station is proposed across the
road. Ancillary Structures required for operational activities have been housed in
open area on LHS.
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5. Anjanapura Township Station

This is the 5™ and final station on Puttenahalli Cross — Anjanapura Township line.
The elevated station has been proposed on the middle of Kanakapura Road. The
chainage of the station is 24182. The access to the station is proposed across the
road. Ancillary Structures required for operational activities have been housed in
open area on LHS. This Station is planned by the side of NICE road and hence
traffic integration facilities are to be planned in this Station area.

Conceptual Plans of the above-proposed Metro Stations are given in set of
Drawings

4.4 EXTENSION OF NORTH - SOUTH LINE FROM HESARAGHATTA CROSS -
BENGALURU INTERNATIONAL EXHIBITION CENTRE (BIEC) [beyond NICE

Road]

4.4.1 Description of Alignment

The line from Hesaraghatta Cross of Phase — | (N-S Metro Rail) to BIEC (beyond NICE
Road) along RHS of Tumkur Road is an elevated standard gauge corridor with double
line section having a route length of 3.77 km (up to dead end) and 3 stations
(apart from Hesaraghatta Cross Station). Provision has been kept for extending the line
beyond in the future.

Hesaraghatta Cross station at the north end of N — S Phase-l Metro Rail
corridor is located on the RHS of Tumkur road as elevated Terminal Station.

This alignment can be extended on the RHS of Tumkur road up to BIEC now
and even beyond in future. The Metro alignment will have to be continued on
the RHS of Tumkur road as the tolled elevated/at grade High way is under
construction on the existing median of the Tumkur road.

The Phase-l N-S line is already under construction up to Hesaraghatta cross
on RHS of Tumkur road. In phase-Il the same line is proposed for extension
up to BIEC (beyond NICE road x-ing) along the RHS of Tumkur road. Even
though from the traffic point, this extension may not be wholly justified, but a
lot of visitors who intend to go to the Exhibition Center from various parts of
the city and outskirts are not going to BIEC as the travel time required by road
as of now is too much and the travel time will be reduced if the existing N-S
line from Hesaraghatta Cross is extended up to BIEC. Therefore the necessity
of extension of Phase-I N-S line on the Northern side to BIEC is felt. Provision
has been kept for extending the line in future.

4.4.2 REFERENCE POINT

The centre line of Hesaraghatta Cross Metro station has been taken as 0.00 km for
reckoning of chainage on Hesaraghatta Cross — BIEC line. Chainage increases from
Hesaraghatta Cross Metro station to BIEC Terminal Metro station.
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Line from Hesaraghatta Cross station to BIEC Terminal station has been named
‘Down Line’ and from BIEC Terminal to Hesaraghatta Cross has been named as ‘Up
Line’.

4.4.4 Index Plan of the alignment from the Centre line of Hesaraghatta Cross Metro station to
Dead end of BIEC Terminal Metro station is given at Figure 4.4.

FIGURE 4.4 HASSERGATTA TO BIEC TERMINAL
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4.4.5 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, it is proposed to continue with the same for this line of
Hesaraghatta Cross — BIEC Terminal line.

For planning convenience and narrative purpose, the extreme end of the line i.e.
about 300M beyond BIEC Terminal Station has been referred as BIEC Dead end.
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4.4.6 TERMINAL STATION
It is proposed to plan elevated terminal station at BIEC beyond the NICE road
crossing, being the last station on this corridor. At the end of this station, the train
reversal facilities are being proposed towards extreme northern end by providing
cross-over and dead end. The C/L of the station is at chainage (-) 9.224 km whereas
the Dead End is at chainage (-) 9.674km.

4.47 HORIZONTAL ALIGNMENT
The line starting from the existing dead end of Hesaraghatta Cross Station continues
to be on the RHS of the Tumkur road and traverse along the RHS of Tumkur road up
to BIEC (beyond NICE road x-ing). This extension is fully elevated line from
Hesaraghatta Cross to BIEC (beyond NICE road x-ing) and there are three stations
namely Manjunatha Nagar [Ch.(-)6825], Jindal Metro Station [Ch.(-)8074] and BIEC
Terminal [Ch.(-)9224]. Provision has been kept for extending the line beyond BIEC in
future.

4.48 CURVES
Total number of 10 horizontal curves has been provided up to BIEC dead end. The
radius of curves varies from 500m to 25000m. Hence, the sharpest curve is 500 m. A
statement of curves is given at Table 4.13

TABLE 4.13 STATEMENT OF CURVES
HESARAGHATTA TO B.I.LEC CURVE DETAILS
c o Radius | Deflection | Transition | Circular | Total Staight
g 3¢ (m) Angle Length Curve Curve | between
E O 0 = g
54 8 8 (m) Length | Length
Q ° D/M| S | L1 | L2 (m)

1 Right 9000 | 0 | 23 [332| 10 | 10 51.66 71.66 | 519.864
2 Left 1300 | 2 {19103 ] 256 | 25 27.63 77.63 28.774
3 Right 500 9 |43 39.7| 40 | 40 44.89 124.89 | 27.413
4 Left 850 3 1451(1241) 25 | 25 30.73 80.73 | 221.684
5 Right 8000 | O | 33]201] 10 | 10 67.57 87.57 | 529.643
6 Right | 25000 | 0 | 9 | 1.7 | 10 | 10 55.66 75.66 | 306.882
7 Left 15000 | 0 |16} 32 | 10 | 10 55.68 75.68 | 416.315
8 Left 2000 1142 | 72 | 156 | 15 44.41 74.41 73.526
9 Right 700 4 1311212} 30 | 30 25.25 85.25 32.96
10 Left 2000 | 2 | 3 {13.7] 15 | 15 56.69 86.69 | 363.468
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The detail statement of gradients is placed in tables 4.14:

Table 4.14 STATEMENT OF GRADIENTS
Hesaraghatta Cross to BIEC

S. No. Chainage Length (m)
From To Gradient | Remarks
1 -9450.000 -9100.950 349.050 0.00% Level
2 -9100.950 -9049.050 51.900 - -
3 -9049.050 -8924.065 124.985 3.46% Rise
4 -8924.065 -8875.935 48.130 - -
5 -8875.935 -8711.112 164.823 0.25% Rise
6 -8711.112 -8691.070 20.042 - -
7 -8691.070 -8236.619 454.451 1.05% Rise
8 -8236.619 -8215.559 21.060 - -
9 -8215.559 -7886.902 328.657 0.00% | Level
10 -7886.902 -7863.098 23.804 - -
11 -7863.098 -7472.386 390.712 0.30% Rise
12 -7472.386 -7428.702 43.684 - -
13 -7428.702 -7210.810 217.892 3.21% Rise
14 -7210.810 -7189.190 21.620 - -
15 -7189.190 -7001.964 187.226 3.45% Rise
16 -7001.964 -6950.214 51.750 - -
17 -6950.214 -6714.465 235.749 0.00% Level
18 -6714.465 -6687.713 26.752 - -
19 -6687.713 -6236.035 451.678 1.34% Rise
20 -6236.035 -6213.965 22.070 - -
21 -6213.965 -5900.000 313.965 0.00% | Level

4.4.10 Detailed Alignment Plans are given in Drawing No. Phase-I Extn/N-S (Hesaraghatta
Cross — BIEC )/AL/GAD line/2010 (Sheet No. 1 - 7).

4..411 LAND

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
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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.

e Receiving/Traction Sub-stations
¢ Radio Towers
e Property Development.

4. 412 Break-up of Land requirement

Out of the total land

requirement of 45802.46 Sqm, the Private Land is

40916.62sq.m and the Government Land is 4885.84 Sgm. Section-wise land
requirement for elevated section and ownership of the land is given at table 4.15.

Table 4.15 LAND REQUIREMENT & OWNERSHIP

Sl. Location From To PvtLand | Govt Land | Total Land
No. chainage [chainage |insq.m in Sgm area in Sgm
1. | Alignment (-) 6400 (-) 6755 3427.64 - 3427.64
2. Manjunatha | (-) 6755 (-) 6895 4083.04 - 4083.04
Nagar
Station
3. Alignment (-) 6895 (-) 8005 10598.78 - 10598.78
4. Jindal (-) 8005 (-) 8145 4376.49 - 4376.49
Station
5. Alignment (-) 8145 (-) 9130 16036.60 - 16036.60
6. BIEC Station | (-) 9130 (-) 9270 - 4242.14 4242.14
7. Alignment (-) 9270 (-) 9451.64 | 2394.07 643.70 3037.77
TOTAL LAND REQUIREMENT | 40916.62 4885.84 45802.46

4. 413 Land for Property Development

It is proposed that vacant plot of an area of, approx 21,463 Sqm after dead end would
be utilized for Property Development (Total of approx 21463Sqm).

4.4.14 The important locations and reference points along the corridor is presented in table

4.16 as under :

TABLE 4.16
S.No | Chainages Important Locations / Locations
reference points w.r.t
alignment
From To
1. (-) 6400 | (-) 6825 Tumkur Road (NH-4) Along
Asphalt road right
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Way to Vijaya Sree Hospital, | right
Manjunatha Nagar
Asphalt road - right
2 (-) 6825 | (-) 8075 Tumkur Road (NH-4) Along
B.T. Road right
B.T. Road right
B.T. Road right
Mud Road right
Mud Road right
Way to Kirloskar Layout right
(-) Tumkur Road (NH-4) Along
3 (-)8075 | 9451 61
Mud Road right
Mud Road right
B.T. Road right
NICE roads x-ing X-ing

4.415 STATION PLANNING

Hesaraghatta Cross to BIEC alignment covers 3.04 km and consists of the following 3
stations:

1. Manjunatha Nagar Station Ch.(-) 6825

2. Jindal Metro Station Ch. (-) 8074

3. BIEC Terminal Station Ch. (-) 9224

4.4.16 Station Design

As per the configuration of alignment, all the stations would be elevated and on the
middle of the road.

4.4.17 Station Locations
1. Manjunatha Nagar Station

Manjunatha Nagar Station is the first station on Hesaraghatta Cross — BIEC line.
The elevated station has been proposed on the RHS of Tumkur Road. The
chainage of the station is (-)6825. The main access to the station is proposed
across the road. Ancillary Structures required for operational activities have been
housed in vacant area on RHS.

2. Jindal Metro Station

This is an elevated station, on the RHS of the Tumkur road. The station is located
on the RHS of Tumkur road. The chainage of the station is (-)8074. The main
access to the station is proposed across the road. Ancillary Structures required
for operational activities have been housed in vacant area on RHS.
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3. BIEC Terminal Station

This is the third and final station on Hesaraghatta Cross — BIEC line. The elevated
station has been proposed on the RHS of Tumkur Road. The station is located
on the RHS of Tumkur road. The chainage of the station is (-)9224. The accesses
to the station are proposed across the road. Ancillary Structures required for
operational activities have been housed in part of the area on RHS.

Conceptual Plans of the above-proposed Metro Stations are given in set of

Drawings
4.5 UTILITIES AND SERVICES
The proposed alignments of (i) Mysore Road Terminal to Kengeri- Future Station, (ii)
Baiyyappanahalli to ITPL/Whitefield Terminal, (iii) Puttenahalli Cross to Anjanapura
Township and (iv) Hesaraghatta Cross to BIEC extensions are traversing along the
busy City Roads. Number of sub-surface, surface and overhead 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
alignments. 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 4.17.
Table 4.17
ORGANISATION RESPONSIBLE FOR UTILITIES AND SERVICES
S.No | Organisation / Utility services
Department
1 Bengaluru 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 Bengaluru Mahanagara | Roads, surface water drains, nallahs etc.
Palike (BBMP)
3 Karnataka Power H.T. Lines with Pylons, Power cables
Transmission Corporation and their appurtenances
Limited (KPTCL)
4 Bengaluru Electricity L.T. lines, their electric Light posts, pole
Supply Company (BESCOM) mounted transformers etc.
5 Bharat Sanchar Nigam Telecommunication cables, junction
Limited (BSNL) boxes, telephone posts, O.H. lines etc.
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6 Bengaluru 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 Telecommunication cables, junction
Limited boxes, telephone posts, O.H. lines etc.
9 Bharti Telecommunications Telecommunication cables, junction
boxes, telephone posts, O.H. lines etc.

4.6 H. T. Line aross alignment

The list of major electrical wires (H.T Line) crossings are given below at Table Nos. 4.18
to 4.20 . These H.T. lines are to be replaced by underground cabling.

Table No.4.18
H T lines crossings the alignment of Mysore Road Terminal - Kengeri- Future Station
S. Chainage Voltage Remark
No.
1 (-) 789 H T line (66/11KV) Electrolux Area Office
2 (-) 1700 H T line (66/11 KV) Near Rajarajeshwari Nagar Arch/ 66/11
KV Sub-station
Table No.4.19
H T lines crossings the alignment of Baiyyappanahalli to ITPL/Whitefield Terminal
S. Chainage Voltage Remark
No.
1 21934 H T line (66/11 KV) Near IOCL
2 24419 H T line (22 KV) Near Karnataka State Small Industries
Devel ion L
3 54430 AT fine (66 KV) evelopment Corporation Ltd
4 26579 H T line (220 KV) Near SAP Labs India Ltd
5 26730 H T line (66/11 KV) Near KPTCL
6 27700 H T line (220 KV)
7 27776 H T line (220 KV) Near BMTC building
8 29005 H T line (220 KV) Near Oracle India Pvt. Ltd.
9 32750 H T line (66/11 KV) Near Kadugodi Police Station
Table No.4.20
H T lines crossings the alignment of Puttenahalli Cross to Anjanapura Township
S. Chainage Voltage Remark
No.
1 20586 H T line (220 KV) Near Singanth Paint Company

There is no major electrical wires (H.T. Line) crossing is encountered in the alignment of
Hesaraghatta Cross to BIEC extension.
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Environmental Impact Assessment/Environmental Management Planning (EIA/EMP)
The EIA and EMP studies were entrusted to M/s SECON Pvt Ltd, Bangalore and their
report is enclosed as separate volume. However, the numbers of trees affected due are
given in Table No.4.21.

Table No.4.21.
Number of Trees affected due to proposed Metro Corridor/extension

Sl. Metro Corridor/Extension No. of trees affected in 10m strip of
No. alignment and within the station area.

1. | Mysore Road - Kengeri —Future Station 50

Baiyyappanahalli to ITPL/Whitefield
2. | Terminal 385
Puttenahalli — Anjanapura Township

3. | (NICE Road x-ing) 253

4 Hesaraghatta Cross - BIEC 26
Station Facilities

The elevated alignment of (1) above, generally 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.

e Ticket/ token counters and information have been proposed in the unpaid area of
concourse.

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

* Aconflict free circulation system is proposed for commuters and operational staff.

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

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

Architectural Finishes

Light weight and sleek steel structures have 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.

Passenger Facilities

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

Passenger Information Display System
Public Address System

Clocks

Signage.

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.

iy 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.

412 GEOTECHNICAL INVESTIGATIONS

The main purpose of the Geotechnical Investigations undertaken is to have an in-sight into
the geological conditions along the proposed corridors of extension of Bengaluru Metro
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Phase | (Phase Il Bengaluru Metro), so as to arrive at the type of foundations to be
adopted for elevated corridors.

The geotechnical investigations were carried out by M/s. SECON Private Limited,
Bengaluru, ISO 9001:2008 certified, one of the leading GIS based Civil Engineering
Consultancy organisation, having accreditation to their laboratory under NABL (National
Accreditation Board of testing Laboratories).

The detailed investigations report submitted by M/s SECON Pwvt Ltd is enclosed as
separate volume.

4121 General Description of the Area and Geology

Bengaluru, the Capital City of Karnataka State the Principal Financial and Administrative
Center of the state. The City is situated on a latitude of 12° 58' N and longitude of 77° 36'
E. Bengaluru is popularly called as "Garden City / Pensioner’s Paradise / Silicon Valley” of
India and is India’s fifth largest City. Bengaluru is well known and acclaimed for its
extensively developed Electronics, Software, Aeronautical and Defence Research and
Development Industries. In addition, City houses educational Institutions of international
repute in Humanities, Commerce, Science, Management and Engineering.

Bengaluru City and the District enjoy a pleasant and salubrious climate which is neither too
humid nor too dry. The District experiences an annual rainfall of approximately 760 mm.

Bengaluru is situated at an elevation of 900 m above Mean Sea Level on a gently sloping
rolling topography, sloping gently from North to South. Terrain wise, while the Western
portion of the district is covered by a chain of small-disconnected hillocks. Northern,
Eastern and Central parts of the district is having undulating topography.

Geology wise, Bengaluru district shows dominant presence of ‘Archean’ crystalline
formation comprising Peninsular Gneissic complex with small patch of hornblende schist in
the northern part and intrusive closepet granites all along the western part of the district.
These Gneissic complexes are in the age of 2.6 to 3.0 billion Years. They are essentially
Granodioritic and Granitic formed due to several thermal-tectonic movements with large
influx of Sialic materials representing remobilized parts of an older crust with abundant
additions of granitic materials. These Gneissic complexes act as basement for belt of
Schists, largely basaltic and characterized by Gold mineralization which is noticed in
nearby Kolar. Small stretch comprising unconsolidated sediments are also noticed in
Channapatna and Devanahalli. The soil overburden generally is dominated by Silty sand
Iresidual silt and shows presence of clay as a nominal interstitial binder. Overburden in
upper layers is generally in loose /medium compact condition especially in areas with high
water table. The overburden thickness is variable and is reflective of typical differential
weathering that has occurred over a prolonged period. This is followed by completely
weathered and highly weathered rock.

Bangalore falls under Zone Il of Seismic Zoning Map as per IS: 1893 (Part I) — 2002.
412.2  FIELD INVESTIGATION

Field investigation has been carried out along all the four extensions at 54 locations of
borehole exploration up to a maximum depth of 30 m. If rock was encountered with in 30
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m, drilling was carried up to a depth of 3 m in intact hard rock. Boreholes were generally
located at about 500 m intervals in elevated portion along the alignment.

Borehole exploration was carried out by rotary drilling method using heavy duty rotary
drilling rigs. Drilling in soil was carried out by MS soil cutters having suitable cutting edges.
In soft/weathered rock, where strata are very dense, advancement of borehole was done
by Tungsten Carbide (TC) bits of Nx size. In moderately weathered and hard rock, core
drilling was progressed using Nx size Diamond bits with double tube core barrel.

Standard Penetration Tests (SPT) were carried out in the boreholes as per IS 2131 at
regular intervals of generally at 1.5 m depth. Undisturbed soil samples were collected by
using thin walled steel tubes of 100 mm diameter, 450 mm long as per IS 2132, in
cohesive soil strata. Both SPT and UDS samples were sealed and labeled properly and
brought to the laboratory for further testing. Rock cores were collected from core barrel
after the completion of each drill run and marked with borehole humbers and sequential
core piece numbers. Rock Core Recovery (CR) and Rock Quality Designation (RQD) have
been recorded for each drill run. The rock core samples were stored in wooden core boxes
and brought to laboratory for further testing.

For determining field permeability in rock, pumping in tests were carried out as per IS 5529
(Part 2) in selected boreholes in the underground portion. Single packer method was used
to seal the top of the test section. The permeability value of hard rock varies from 0.3 to
0.59 Lugeons indicating ‘Water tight' condition of bed rock.

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

The details of stratification, SPT values, Ground Water Table etc., are indicated in the Sub-
Soil Profiles given at Fig 4.5(a),(b), (c) and (d).

4.12.3 LABORATORY TESTING

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

Tests on soil samples:

e Grain size analysis - Sieve and Hydrometer Analysis
e Atterberg's Limits - Liquid & Plastic Limit

e Natural Moisture Content

e Bulk and Dry Density

¢ Consolidation Test

e Shear Strength - Triaxial/Direct Shear test

e Lab Permeability Test

Tests on Rock samples:

e Specific Gravity, Water Absorption and Porosity of rock
e Hardness
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e Uniaxial compressive strength

e Point Load Index strength
*  Modulus of Elasticity
e Abrasion test

Chemical Tests on Soil and Water Samples:

. pH
e Chloride
e  Sulphates

e Organic matter

4124 GENERAL STRATIFICATION

4.12.

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 / greyish sandy silt with clay or clayey sand/silt. This layer is in medium
dense and is underlain by medium dense to dense reddish/greyish completely weathered
formations. This layer represents the ‘transition layer’ from soil to highly weathered rock.
This is followed by highly weathered rock made up of very dense sandy silt/silty sand

layer. Weathered rock with degree of weathering varying from moderate to high underlain
by more compact hard rock.

The rock stratum was encountered in most of the boreholes except a few boreholes, where
soft rock in the form of dense silty sand was encountered, up to the investigated depth.

5 ANALYSIS OF RESULTS

The stratification encountered along the proposed routes mainly consists of medium dense
to dense sandy silt/clayey sand at shallow depths. This layer is followed by medium dense
to dense completely weathered rock of sandy silt/clayey sand layer, which is non-plastic to
moderately plastic. This layer is followed by highly weathered rock consisting of very
dense sandy silt/silty sand. Hard rock underlay the highly weathered rock layer.

The formation of successive layers is varying along the route. In general, the stratification
follow regular pattern as described above. Standard Penetration Test (SPT) in weathered
rock indicate very high ‘N’ value of 100 and more virtually no penetration of SPT tube in
this layer. The colour and structure of the soil samples collected in split spoon closely
resembles underlying mineralogical constituents of weathered rock/hard rock.

Index properties such as grain size distribution and liquid limit and plastic limit indicate
that, plasticity characteristics of the soil are ‘Low to Medium’. Hydrometer tests conducted

on selected soil samples show that fine particles predominantly consists of silt and is non-
expansive in nature.

Consolidated Undrained shear test and Direct Shear Test indicates in general, the average

values of cohesive strength of soil is ranging from 0.05 to 0.26 kg/cm? and angle of internal
friction is ranging from 12 to 29 degrees.

Chemical analysis of soil and water samples show that pH, Chloride and Sulphates are

well within the permissible limits and no special precautions are necessary for concreting
job.
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Rock cores extracted from the boreholes show the presence of grey granites with pockets
of amphibolites, granodiorite and mylorite rock. The rock is intruded with pegmatite veins
at some places. The granite rock shows coarse grain structure due to metamorphic
activity.

In general, core recovery obtained in moderately weathered rock is ranging from Nil to
88% with Rock Quality Designation (RQD) values of Nil to 76%. in the hard rock, the
percentage core recovery is ranging from 62 to 100% and RQD is varying from 50 to
100%.

It is seen from the index properties that specific gravity of rock varies from 2.55 to 2.94,
water absorption ranges from 0.15 to 2.04%.

Uniaxial compressive strength results indicate that strength of hard rock varies from 17.3
MPa to 100.48 MPa. Point load strength index values in the range of 0.35 to 11.76 MPa.
Modulus of Elasticity (E) values of rock varies from 0.039 x10° MPa to 0.78 x 10° MPa.

4.12.6 RECOMMENDATIONS

The type of foundation depends on stratification, type of structure, loading, allowable
settlement, etc. In the present case, the structure is elevated Metro railway system. The
various structures envisaged in the system include Elevated tracks supported on piers,
Elevated Stations. The load coming on to the foundation system will be considerably high
from the structures.

Shallow Foundations

Shallow foundations are recommended wherever hard strata (soft rock/weathered
rock/hard rock) are encountered within 4.5 to 5.0 m depth below the existing ground level.
Based on field and laboratory test results, an allowable bearing pressure of 45 T/sq.m is
recommended. The hard stratum is underlain by a medium dense 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.

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

Deep Foundations

Deep foundation, in the form of bored cast in-situ piles are recommended wherever the
hard stratum is encountered at considerable depths. The columns supporting the elevated
rail track and elevated stations are recommended to be supported on pile foundations. In
particular, bored cast in-situ piles are recommended keeping in view of the site location,
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/weathered rock and hard rock. it is recommended
to anchor the pile in weathered rock layer itself, wherever the thickness of weathered rock
layer is considerable. The weathered rock layer encountered in the pile bore can be
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verified through SPT tests in the pile bore. Further, while chiselling 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:

Stratum at Socket Level D_epth of socketing (D=pile
diameter)
Highly weathered rock/Fractured rock 4D
Moderately weathered rock 2D
Hard rock 1D

The lengths of piles considering the strata at pile termination at various borehole 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 piles of
diameter 900 mm, 1000 mm, 1200 mm and 1500 mm are considered for evaluation. The
safe load 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 Recommended safe Axial Load for piles socketed in
Diameter Highly weathered Moderatel

(mm) J yrock weathered rc};ck Hard rock

900 265 280 380

1000 330 345 470

1200 | 475 495 675

1500 | 740 775 1060

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

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

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

dekkkhd
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