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@ Salient Features

SALIENT FEATURES

1. GAUGE (STANDARD) - 1435 mm

2. MAX. PERMISSIBLE SPEED - 80kmph

3. ROUTE LENGTH (END TO END OF STATION)

Description Elevated At Grade Total
P (km) (km) (km)
Line 1 — North-South Corridor :
Automative Square to MIHAN 15.058 4.600 19.658
Line 2 — East West Corridor :
Prajapati Nagar to Lokmanya Nagar 18.557 000 18.557
Total 33.615 4.600 38.215
4, NUMBER OF STATIONS
Description Elevated At Grade
Line 1 — North-South Corridor : 15 5
Automative Square to MIHAN
Line 2 — East West Corridor : 19 0
Prajapati Nagar to Lokmanya Nagar
Total 34 2
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@ Salient Features

5. TRAFFIC FORECAST — RIDERSHIP
BOARDING/RIDERSHIP (DAY) 2016 2021 2026 2031 2036 2041

ON LINE 1(AUTOMATIVE-

KHAPRI) 168361 | 185531 | 203720 | 224316 | 248419 | 277704

ON LINE 2(PRAJAPATI-

LOKMANYA) 184081 | 197908 | 215415 | 234577 | 260237 | 286031

TOTAL OF BOTH 352442 | 383439 | 419135 | 458893 | 508656 | 563735

AVERAGE TRIP LENGTH IN KM 6.419 6.453 6.494 6.533 6.521 6.522

MAXIMUM PHPDT ON LINE 1 10089 | 10936 | 11915 | 12934 | 14286 | 15729

MAXIMUM PHPDT ON LINE 2 7746 8460 9154 9906 | 10748 | 11882

6. TRAIN OPERATION

A) TRAIN FREQUENCY
Line-1: North — South Corridor

2016 2021 2026 2031 2036 2041
Sections Peak | Lean | Peak | Lean | Peak | Lean | Peak | Lean | Peak | Lean | Peak | Lean
Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour
h/w h/w h/w h/w h/w h/w h/w h/w h/w h/w h/w h/w
Automotive
Sqre to 10to 8 to 6 to 6 to 5to 5to
Congress | © |30 | 2 | 20 [4°| 20 | 4 | 20 | 32| 15 | 2 | 15
Nagar M min | ™ min n min | ™ min | ™ | min | ™™ | min
Section
Congress
Nagar to 20 to 16 to 12 to 12 to 10 10 to
Khapri 20 g0 | 10 1740 | 9 140 | 8 |40 | 7 Jwo30]| 8 | 30
Station min min min min min min min min min min min min
Section
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Salient Features
Line-2: East-West Corridor
2016 2021 2026 2031 2036 2041
Sections Peak | Lean | Peak | Lean | Peak | Lean | Peak | Lean | Peak | Lean | Peak | Lean
Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour | Hour
h/w h/w h/w h/w h/w h/w h/w h/w h/w h/w h/w h/w
prajapa 20t 20t 16t 12 t 12t 10t
Nagar to 13 °l 12 °1 10 °l 9 °l 8 °l 7 ©
Agrasen , 60 } 60 ) 40 i 40 i 40 i 30
Chowk M e ™ i [ ™ min [™ P min [T min | ™ | min
Section
Agrasen 10t 10t 8t 6t 6t 5t
Chowk to 0 0 0 0 0 0
. 4. 4 .
Subhash 6 .5 30 6 30 5 20 .5 20 ) 20 3 .5 15
Nagar M i ™ P min | ™ P min | ™ P min | ™ | min | ™ | min
Section
Subhasn 20t 20t 16t 12 t 12t 10t
Nagar to l (0] 12 (0] l (0] (0] (0] 7 (0]
Lokmanya 3 60 } 60 0 40 9 40 8 40 i 30
Nagar M min ™ min [ ™ min [™  min [ ™ min | ™ | min
Section
B) RAKE REQUIREMENT
No. of Rake No. of
. Year .
Corridor Rakes | Consist cars
2016 11 3 car 33
North — South Corridor 2021 12 3 car 39
2031 16 3 car 51
2041 20 3 car 63
2016 12 3 car 36
_ 2021 13 3 car 39
East — West Corridor
2031 17 3 car 51
2041 20 3 car 60
7. TRACTION POWER SUPPLY
a) Voltage 25 KV AC

b) Current Collection

c) SCADA system

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013
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8.

POWER DEMAND (MVA)
Power Demand Estimation (MVA)

Salient Features

Year
Corridor 2016 | 2021 | 2031 | 2041
North-South Corridor — 1 Traction 432 5.01 5.84 7.16
Automotive Sqre to Depot
Station. Auxiliary 7.72 7.84 9.14 | 11.49
[21.833 kms ; 16 elevated
Stations &1 U/G Station]. Total 1204 | 1285 | 1498 | 18.65
East-West Corridor — 2 Traction 4.24 4.57 5.73 7.01
Prajapati Nagar to Lokmanya Auxiliary 8.34 8.46 0.88 12.48
Nagar [18,266 kms ; 19
Elevated Stations]. Total 12.58 | 13.03 | 15.61 | 19.49
ROLLING STOCK
i. Coach Size
Particular Length* Width Height
Driving Motor Car (DMC) 21.64m 29m 13.9m
Trailer Car (TC)/Motor Car (MC) 21.34m 29m 13.9m
*Maximum length of coach over couplers/buffers: 22.6 m
(depending upon Kinematic Envelop)
ii.  Train Composition 3- Car train: DMC+TC+ DMC
iii.  Seating Arrangement Longitudinal
iv.  Passenger Carrying Capacity (Crush @ 6 person/sg. m)
PARTICULAR SEATED STANDING TOTAL
DMC 43 204 247
TC/MC 50 220 270
3-CAR 136 628 764
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V. Axle load: 16T
Vi. Max Acceleration: 1.0 m/s2
Vii. Max Deceleration:

1.0 m/s2 (Normal Brake)
> 1.3 m/s2 (Emergency Brake)

viii.  Maximum Design Speed: 95 kmph

ix.  Maximum Operating Speed: 85 kmph
X.  Schedule Speed (as per train operation in following lines):
a. Corridor I : North-South Corridor: 32-34 kmph

b. Corridor Il : East- West Corridor: 30 kmph

9. MAINTENANCE FACILITIES

Depot- cum- workshop near Khapri Station (MADC Land) and near Lokmanya Nagar
Station (SRP Land)

10. SIGNALLING, TELECOMMUNICATION & TRAIN CONTROL
a) Type of Signaling Cab signaling and continuous automatic train
control with Automatic Train Protection (ATP)

b) Telecommunication i) Integrated System with Fibre Optic cable,
SCADA,Train Radio, PA system etc.
i) Train information system, Control telephones
and Centralized Clock System.

11. FARE COLLECTION Automatic Fare collection system with POM and
Smart card etc.

12. CONSTRUCTION METHODOLOGY

i. Viaduct: Pre-stressed concrete “Box” shaped
Girders/Double U-Girder on Single pier with pile /
Open foundations.
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DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013

13. PROJECT COST
Total Estimated/Completion Cost
(Rs./Crore)
Estimated Estimated
Corridor Name of Distance SIS Ui ot I VT Completion
No Corridor (KMs) Central taxes | Central taxes Cost
at June-2012 | at June-2012
Price Level Price Level
| North-South 19.658 3015.00 3,435.00
Corridor
East-West 8680
Il i 18.557 2984.00 3,427.00
Corridor
Total 38.215 5999.00 6862.00
14. FINANCIAL INDICES
i. FIRR: (Cost with central taxes) 10.35 %
il. EIRR: 17.70 %
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@ Executive Summary

EXECUTIVE SUMMARY

0.1 INTRODUCTION

0.1.1 General

Nagpur is the third largest city of Maharashtra and also the winter capital of the state.
With a population of approximately 25 lakhs. Nagpur Metropolitan Areais the 13th
largest urban conglomeration in India. It has also recently been ranked as the cleanest
city and the second greenest city of India. In addition to being the seat of annual winter
session of Maharashtra state assembly "Vidhan Sabha", Nagpur is also a major
commercial and political center of the Vidarbha region, It is also known as "Orange City"
for being a major trade center of oranges that are cultivated in the region.

Nagpur lies precisely at the center of the country with the Zero Mile Marker indicating the
geographical center of India. The city was founded by the Gonds but later became part
of the Maratha Empire under the Bhonsles. The British East India Company took over
Nagpur in the 19th century and made it the capital of the Central Provinces and Berar.
After the first reorganisation of states, the city lost its capital status but according to the
informal "Nagpur Pact" between political leaders, it was made the second capital of
Maharashtra. Nagpur is also declared, "Tiger Capital of India " as it connects many Tiger
Reserves in India to the world.

Nagpur lies on the Deccan plateau of the Indian Peninsula and has a mean altitude of
310 meters above sea level. The underlying rock strata are covered with alluvial deposits
resulting from the flood plain of the Kanhan River. In some places these give rise to
granular sandy soil. In low lying areas which are poorly drained, the soil is alluvial clay
with poor permeability characteristics. In the eastern part of city crystalline metamorphic
rocks such as gneiss, schist and granites are found, while in the northern part yellowish
sand stones and clays of the lower Gondwana formations are found.

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 IXXxViii
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Nagpur city is dotted with natural and man-made lakes with Ambazari lake being the
largest. Other natural lakes include Gorewada Lake and Telangkhedi lake. Sonegaon
lake and Gandhisagar lake are man-made lakes created by the city's historical rulers.
Nag river, Pilli nadi along with nallasform the natural drainage pattern for the
city. Nagpur is known for its greenery, and was judged as the cleanest and second
greenest in India. Recently, Government of India selected Nagpur as a Model City
for National Clean Air Mission by allocating 25 crores for the plan. This project will be
handled by Nagpur's own NEERI.

As it is located at centre of Indian peninsula far from the Bay of Bengal and the Arabian
Sea, Nagpur has a tropical wet and dry climate with dry conditions prevailing for most of
the year. It receives an annual rainfall of 1,205 mm (47.44 in) from monsoon rains during
June to September. The highest recorded rainfall was 304 mm on 14 July
1994. Summers are extremely hot lasting from March to June, with maximum
temperatures occurring in May. Winter lasts from November to January, during which
temperatures can drop below 10 °C (50 °F). The highest ever recorded temperature in
the city was 49°C, while the lowest was 3°C.

0.1.2 Study Area

In early 2012 Nagpur Improvement Trust (NIT) requested DMRC to provide Consultancy
services for preparation of a Detailed Project Report for Metro Rail System in Nagpur,
Maharashtra initially for 30 Km which was revised to 42 Km in July 2012. Thereafter,
DMRC conducted Traffic Surveys, Topographical Surveys, Geotechnical Investigations
and Environment Impact Assessment Survey.

The study area consisted of Nagpur Municipal Corporation Area. The study area totaled
to approximately 217 sq km.

Based on the different types of surveys done by DMRC, metro alignments were finalized
after repeated inspection of the road network, intersections, passenger traffic flow, traffic
congestion, connectivity to important land uses. Alignment of routes proposed by DMRC
were as follows
Table 0.1A: Alignments Proposed by DMRC (in July 2013)
Alignment
(Proposed by DMRC)

Detail Route

Automotive Square, along Kamptee Road, Wardha Road,
Variety Square to Abhyankar Road, along Nag River
alignment will fall on Humpyard Road, Rahate Colony Road,
Wardha Road, Khamla Road, Airport, MIHAN Area
Alignment-2 From Prajapati Nagar, along Central Avenue Road, Railway
East — West Corridor Feeder Road, Munje Chowk, Jhansi Ranee Chowk, North
(18.266 Km, 19 stations) | Ambajhari Road, Hingna Road, Lokmanya Nagar

Alignment-1
North-South Corridor
(21.833 Km, 17 stations)

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 H/XxXxviii
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FINAL ALIGNMENT FOR NAGPUR METRO

On 03.08.2013, a meeting presided by Shri S K Lohia, JS-MoUD,Gol was held at Nagpur
to discuss the DPR. In that meeting, JS-MoUD,Gol expressed that the FIRR of the
project should be at least 8%. Recently, MoUD has also issued advisory that FIRR of
Metro Project should not be below 8%.

On 1.10.2013, a presentation on the DPR was made by M/s NIT to The Chief Minister,
Government of Maharashtra. He was of the opinion to avoid underground alignment in
MIHAN and also construct Maintenance Depot in the land belonging to State Govt Land.
Subsequently, on 21.10.2013, a joint inspection of the NS corridor was done by VC&MD-
MADC, Chairman-NIT, and Director Business Development-DMRC.

The original alignment of Corridor-1 proposed was passing through Khamla Road, Airport
Area after Sahakar Nagar and finally was ending at MIHAN. The alignment up to Old
Airport Station was elevated, then for a length of 3.30 km, it was underground with one
underground station named as New Airport Station and again elevated in MIHAN Area.
Since the cost of underground section of the alignment is much more than the elevated
section or the section at grade, alternative alignment was suggested for cost reduction,
enhancement in PHPDT and to increase FIRR so that project becomes financially and
economically viable.

The new proposed alignment suggested in the above inspection, was to pass through a
24m wide road adjacent to London Street after Sehkar Nagar Junction and was
proposed to be taken to the east along 24m wide road and London Street up to Wardha
Road. From the intersection at Wardha road, the elevated alignment was proposed to be
on the central divider on the Wardha Road. After crossing existing intersection point of
Wardha Road & Airport Road, the alignment was to be shifted to the MIHAN area.
Alignment in this portion was proposed to be at grade and to run parallel to Wardha road
upto ROB and abuting railway line thereafter up-to proposed Car depot.

But, while working on this modification of alignment, it was noticed that a very large
number of properties were falling along the alignment due to sharp curve at the junction
of Sahakar Nagar & 24 m wide road and also at the junction of 24m wide road & Wardha
Road. Acquiring of these properties will be very tough and may delay the whole project.

Hence to avoid all such situation, it has been decided to take the alignment on Wardha
Road only without going on Khamla Road.

Finally, NS Corridor will pass through Wardha Road after Congress Nagar Metro Station.
After crossing existing intersection point of Wardha Road & Airport Road, the alignment
will be shifted to the MIHAN area. Alignment in this portion will be at grade and will run
parallel to Wardha road upto ROB and parallel to railway line thereafter up-to proposed
Car depot. 14m wide stretch of land between the railway boundary line and the road near

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 HixXxxviii
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proposed Container Depot of Container Corporation of India Ltd. will be affected by this
proposed alignment of the Metro Rail as the proposed alignment passes through this
stretch of land. 73 Ha land is available on the west side of railway line and south of
existing flyover near khapari station. Average width of this land is about 80m and is
about 1800m long. This MADC land may be utilized for Car Depot. Similarly, Depot of
EW Corridor has also been shifted to SRP Land near proposed Lokmanya Nagar Metro
Station.

This has caused deletion of few earlier proposed metro stations on NS Corridor and
addition of new stations on the same.

Final alignment for both the corridors is as below :

Table 0.1B
FINAL ALIGNMENT

Alignment Detail Route

Automotive Square, along Kamptee Road, Wardha Road,
Alignment-1 Variety Square to Abhyankar Road, along Nag River
North-South Corridor alignment will fall on Humpyard Road, Rahate Colony
(19.658 km, 17 Stations) | Road, Wardha Road, Parallel to Railway Line, Khapri
Station and finally in MIHAN Area near concor depot
From Prajapati Nagar, along Central Avenue Road,
Railway Feeder Road, Munje Chowk, Jhansi Ranee
Chowk, North Ambajhari Road, Hingha Road, Lokmanya
Nagar

Alignment-2
East — West Corridor
(18.557 km, 19 Stations)

0.2 TRAFFIC DEMAND

0.2.1 Traffic Study and Ridership estimation are the first tasks in DPR which imply finalizing a
feasible alignment plan of the proposed metro network and then locating normal and
interchange metro stations (if any). After that, Ridership Estimation is done. Estimating
daily and peak hour boarding and alighting from each station, daily link load and PHPDT
link loads [all together is called Ridership Estimation] are estimated. These estimates are
primary inputs to other important estimates such as station design, train operation plan,
estimates of revenue collection, benefits of metro, rolling stock and many other estimates
including EIRR and FIRR.

0.2.2 Station Loading (Daily and Peak)

Total daily boarding ridership in 2016 is estimated as 3.52 lakhs in which share of line 1
as 47% and line 2 as 53%. Average trip length is 6.41km. The daily and peak station
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loads of the Metro System comprises of the following lines, are described as under in

Table 0.2.
Table 0.2: Summary Output : Traffic

BOARDING/RIDERSHIP (DAY) 2016 2021 2026 2031 2036 2041
ON LINE 1(AUTOMATIVE-

168361 | 185531 | 203720 | 224316 | 248419 | 277704
KHAPRI)
ON LINE 2(PRAJAPATI- 184081 | 197908 | 215415 | 234577 | 260237 | 286031
LOKMANYA)
TOTAL OF BOTH 352442 | 383439 | 419135 | 458893 | 508656 | 563735
AVERAGE TRIP LENGTH IN KM 6.419 6.453 6.494 6.533 6.521 6.522
MAXIMUM PHPDT ON LINE 1 10089 10936 11915 12934 14286 15729
MAXIMUM PHPDT ON LINE 2 7746 8460 9154 9906 10748 11882

0.3 SYSTEM SELECTION

The population growth in cities and urban centers has put a lot of pressure on the
infrastructure of these cities. In rapidly developing countries like India the urban
infrastructure is stretched to limit and requires very effective solutions. The rapid
development in India is not unprecedented and such development earlier took place in
several nations of Europe, America and in Japan. So several modes of urban mass
transit are now available for solution to the problem of Urban Transit.

0.3.1 Benefits of Mass Transport System

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013

The main benefits addressed by mass transport are the mobility and freedom. The
sustainability of mass transport has greater potential and major benefits occur through
immediate means of helping the environment and conserving energy. In developing
countries, like India, benefit through mass transit systems extend to urban poor with
affordable fare structure when compared with costs incurred by private transportation
on fuels, parking, congestion etc. The supply of planned and integrated mass public
transport is the only way to relieve traffic congestion and reduce hours of delay on
major travel corridors. Moreover, supply of metro rail system in Nagpur will mean a lot
in terms of sustainable means of transport that meets the mobility and accessibility
needs of people.
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0.3.2 Feasibility of Metro System:

0.4

From the ‘Traffic Demand Forecast’ it can be seen that peak hour peak direction trips
(PHPDT) on the North South Corridor is 10089,10936,12934 and 15729 the year of
2016, 2021, 2031 and 2041 respectively. Similarly PHPDT on East West corridor in the
year of 2016, 2021, 2031 and 2041 is 7746,8460,9906 and 11882 respectively.

Road-based systems can optimally carry up to a maximum of 8,000 PHPDT. Since the
PHPDT assumed on the above corridors exceed 8,000, there can be two options
namely 1) Mono Rail and 2) Light Capacity Metro. Mono rail can carry the PHPDT
projected but this technology is not a tested one. The operation and maintenance cost
is much higher that Light metro. The capital cost of Mono rail is also almost same as
that of Light Metro with no experience of Mono rail in India. Even in the other countries,
the Mono rail is being adopted only for small lengths and as feeder to Metro. Hence,
keeping in view the above disadvantages, it is recommended to adopt an stable, tested
and reliable Metro technology. However, for Nagpur it will be Light Capacity Metro
System.

GEOMETRIC DESIGN NORMS

The geometrical design norms are based on international practices adopted for similar
metro systems with standard gauge on the assumption that the maximum permissible
speed on the section is limited to 85 kmph. Planning for any higher speed is not
desirable as the average inter-station distance (37 stations in approx. 40 km) is about
1.10 km and trains will not be able to achieve higher speed.

0.4.1 GEOMETRIC DESIGN PARAMETERS

i) Horizontal Curves
Table 0.3: Horizontal Curve Parameters

Description Underground Elevated
P Section Section
Desirable Minimum radius 300 m 200 m
Absolute minimum radius 200 m (only c/c) 120 m
Minimum curve radius at stations 1000 m 1000 m
Maximum permissible cant (Ca) 125 mm 125 mm
Maximum desirable cant 110 mm 110 mm
Maximum cant deficiency (Cd) 85 mm 85 mm

ii)  Transition Curves

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013
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e Length of Transitions of Horizontal curves (m)

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

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

¢ Overlap between transition curves and vertical curves not allowed.

¢ Minimum straight between two Transition curves (in case of reverse curves): either
25 m or Nil.

¢ Minimum straight between two Transition curves (in case of same flexure curves):
either 25 m or both curves should be converted in to the compound curve by
introducing single transition between the two circulars.

e Minimum curve length between two transition curves: 25 m

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

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

v)  Radius of vertical curves:

. On main line (desirable) : 2500 m

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

0.4.2 Route Alignment

Two Corridors have been identified for implementation in phase | of Nagpur Metro Rail
Project network as per details given as under:-

e Corridor I: North-South Corridor : Automative Square to KHAPRI
e Corridor II: East West Corridor : Prajapati Nagar to Lokmanya Nagar

0.4.2.1 North-South Corridor : Automative Square to KHAPRI

This corridor originates from Automotive Square on Kamptee Road; move along
Kamptee Road and reach the intersection point of Amravati Road and Vardha Road,
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then after crossing Fly Over moves towards Munje Square, moves towards Dhantoli
and along nala moves towards Empire/Dr Munje Marg, leads towards Congress Nagar
T-Point, then on Rahate Colony Road and then falls on Wardha Road, leads towards
NEERI, then moves along Wardha Road and then west of Railway Track in MIHAN
area. And passes through 14m wide stretch of land between the railway boundary line
and the road near proposed Container Depot.

Entire length (19.658 Km.) of this corridor is proposed as elevated except in 4.6
Km at grade after Airport Station and in MIHAN area near Khapri Railway
StatioN.. There are 17 stations on this corridor of which 15 stations are elevated and 2
stations are at Grade. Sitaburdi Station is an Inter-change station.

0.4.2.2 East West Corridor : Prajapati Nagar to Lokmanya Nagar

0.5

This corridor originates from Prajapati Nagar and runs westwards, through Vaishnodevi
Chowk, Ambedkar Chowk, Telephone Exchange, Chittar Oli Chowk, Agarsen Chowk,
Doser Vaisya Chowk, Nagpur Railway Station, Sitaburdi, Jhansi Rani Square, Institute
of Engineers, Shankar Nagar Square, Lad chowk, Dharmpeth College, Subhash Nagar,
Rachna (Ring road Junction), Vasudev Nagar, Bansi Nagar to Lomanya Nagar. The
entire corridor is elevated.

The total length of the corridor is 18.557 kilometer. There are 19 stations on this
corridor. All stations are elevated stations and Sitaburdi station is an Interchange
Station.

CIVIL ENGINEERING

0.5.1 Elevated Section - Choice of Superstructure

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013

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

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

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

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

. Segmental construction protects the environment as only space required for
foundation and sub-station is required at site. The superstructure is manufactured
at a place away from busy areas and placement of superstructure is done with the
system erected from piers at heights.
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. Segments are easy to stack in the casting yard/stacking yard in more than one
layer, thereby saving in requirement of space.

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

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

. Interference to the traffic during construction is significantly reduced.

. Segmental construction contributes towards aesthetically pleasing structures and
good finishes.
. The overall labour requirement is less than that for conventional methods.
. Better quality control is possible in the casting yard.
. During construction, the technique shows an exceptionally high record of safety

0.5.2 Types of Superstructures for Elevated Section

e Pre-cast segmental box girder using external unbounded tendon
e Pre-cast segmental U-Channel Superstructure with internal pre-stressing.

0.5.3 CONSTRUCTION METHODOLOGY
For the elevated sections it is recommended to have pre-cast segmental construction
for super structure for the viaduct. For stations also the superstructure is generally of
pre-cast members. The pre-cast construction will have following advantages:-
» Reduction in construction period due to concurrent working for substructure and
superstructure.
» For segmental, pre-cast element (of generally 3.0m length), transportation from
construction depot to site is easy and economical.
* Minimum inconvenience is caused to the public utilizing the road as the
superstructure launching is carried out through launching girder requiring narrow
width of the road.
* As the pre-cast elements are cast on production line in a construction depot, very
good quality can be ensured.
» The method is environment friendly as no concreting work is carried at site for the
superstructure

0.5.4  Utility Diversion

It is suggested that all utilities falling within excavation area are diverted away in
advance to avoid damage to such utilities during the excavation/ construction phase.
The cross utilities, however has to be kept supported. It is suggested that pressure
water pipelines crossing the proposed cut area are provided with valves on both sides
of the cut so that the cut area can be isolated in case of any leakage to the pipeline to
avoid flooding of the cut/damage to the works.
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Geo-Technical Investigations
Physiography

Nagpur is situated at 21° 09' N latitude and 79° 09' E longitude and a mean altitude of
310 meters above sea level. Being located far away from any major water body at the
centre of the Indian peninsula, the Nagpur's climate is dry or mildly humid for most of
the year except for the rainy season. The highest ever recorded temperature in the city
was 49 °C, while the lowest was 3°C. The geology of the Nagpur region is famous for
the metamorphic rocks, which occur in all the districts in the Nagpur region except
Wardha and some part of Nagpur district. The other geological formation Deccan
Traps occur in the Wardha and North and North-West part of Nagpur District

Objective of Geotechnical Investigation

The main objectives of Geo-Technical Investigation Services are:

e To determine the required strength characteristics of the underlying soil/rock
strata to design the foundation of the structure proposed to be constructed at
various locations.

e To determine the subsurface profile of the underlying strata.

e To decide the construction methodology.

Details of Bore Holes

Investigation Works

Geotechnical investigation work at site was carried out to determine the existing
subsoil strata, proposed type & depth of foundations and safe bearing capacity of
foundations required for the proposed two Metro Corridors in Nagpur based on the
results of 80 boreholes. 41 bore holes were driven in AUTOMOTIVE SQUARE TO
MIHAN alignment & 39 boreholes were driven in Lokmanya Nagar to Prajapati Nagar
alignment. However, due to the site condition, depth of drilling work ranging from
10.50m to 25m was carried out at the proposed locations.
Table :0.4
SUMMARY OF BORE HOLES

N.S.CORRIDOR

Water
BH . . Total . Soft Hard
No. Location Details depth Soil Rock | Rock {rﬁ?le
1 Automative Chowk 25.00 15.00 | 10.00 | - 7.20
2 Go Gas Pump 16.50 6.50 | 10.00 | - 7.10
3 kailly Automobiles 17.00 7.00 |10.00 | - 7.20
4 Lal godown chowk 15.50 5.50 | 10.00 | - 6.00
5 New Indira Hindi School 16.00 6.00 10.00 | - 6.90
6 Oppt. Jaswant Tuli Mall, 16.00 6.00 | 10.00 | - 7.10
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Water
ﬁg. Location Details gg;?:] Soil ggfctk gﬁglj( {rﬁ?le
7 Bharat Petrol Pump (10 No. Pulia) 14.50 450 |10.00 | - 5.40
8 Kadwii Chowk, 14.50 4.50 | 10.00 | - 5.15
9 Gurudwara (Railway Line Near) 20.00 10.00 | 10.00 | - 5.00
10 Gaddi Godown Chowk 12.00 2.00 |10.00 | - 4.25
11 L.I.C Chowk, AHM Church Campus 11.50 1.50 | 10.00 | - 4.40
12 R.B.l Bank Chowk 12.00 2.00 |10.00 | - 4.00
13 Morrises Collage, T. Point 11.00 1.00 | 10.00 | - 3.85
14 Sita Burdi Police Station 14.50 4.50 | 10.00 | - 5.00
15 Ras Furniture, Oppt. Nangle Traders 16.00 6.00 | 10.00 | - 4.70
16 Yaswant Stadium 17.00 7.00 |10.00 | - 4.60
17 Dhantoli P.S, Oppt. Green City Hotel 17.50 7.50 |10.00 | - 5.10
18 Madhukar Arts (M. Printers) 15.00 5.00 | 10.00 | - 3.20
19 Asha Towers 14.50 450 |10.00 | - 3.90
20 Hardikar Chowk 14.00 4.00 |10.00 | - 3.40
21 Central Jail 15.00 5.00 | 10.00 | - 3.60
22 Clock Tower Rajive Gandhi Chowk 11.50 1.50 | 10.00 | - 3.25
23 Sanskar Vidhya Sagar School 12.50 2.50 |10.00 | - 4.00
24 Bharat Creations/Sanjay Traders 13.00 3.00 |10.00 | - 4.10
25 Sawarkar Chowk 12.50 2.50 |10.00 | - 2.90
26 Khamla Bus Stop 12.50 2.50 |10.00 | - 3.60
27 Baba Hardware/Vijay Trading 13.00 3.00 |10.00 | - 3.00
28 Arun Rao Purnakar Chowk (Puliya) 13.00 3.00 |10.00 | - 2.10
29 Park/Dence Forest Area (Airport) 14.00 4.00 |10.00 | - 2.90
30 Parking Airport 14.50 450 | 10.00 | - 2.10
31 Airport Boundry 14.50 450 |10.00 | - 3.70

Table :0.5
SUMMARY OF BORE HOLES
E W CORRIDOR

Water
ﬁg. Location Details gg;?:] Soil ggfctk giglj( {rﬁ?le
1 AIA Engineering Limited. 11.00 | 1.00 | 5.00 | 5.00 3.50
2 C.R.P.F Gate No.-1 11.00 | 1.00 | 6.00 | 4.00 4.20
3 Mahindra Company 11.50 | 1.50 | 6.00 | 4.00 4.30
4 Ambru Batti Chowk (Near Dharam kantta) | 11.50 | 1.50 | 10.00 | - 4.05
5 Toll Tax Naka 11.00 | 1.00 | 10.00 | - 4.25
6 Super Enclave, Opp. Prashant Trading 11.50 | 1.50 | 10.00 | - 5.30
7 Hingna T. Point 10.50 | 0.50 | 10.00 | - 4.70
8 Karankutti Hotel 11.00 | 1.00 | 10.00 | - 4.60
9 Pump House (G.C.C.R.P.F) Nagpur. 10.50 | 0.50 | 10.00 | - 5.10
10 Subhash Nagar Chowk, 12,50 | 2.50 |9.00 | 1.00 4.20
11 Nagpur Improvement Trust, Crazy Castle. 13.00 | 3.00 | 10.00 | - 4.40
12 Tanveer Hotel 12,50 | 2.50 | 10.00 | - 3.40
13 Leela house (Near Ambajhari T.Point) 12.00 | 2.00 | 8.50 | 1.50 3.60
14 L.A.D. Chowk 13.00 | 3.00 | 10.00 | - 5.10
15 Shankar Nagar chowk 13.00 | 3.00 | 10.00 | - 5.15
16 Adrash S.S High School 12.00 | 2.00 | 10.00 | - 5.10
17 Dharampeeth Vidhyalay 14.00 | 4.00 | 10.00 | - 4.90
18 A.M.I.E (Nagpur Local Center) 14.00 | 4.00 | 10.00 | - 5.50
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Water
IE\;lg. Location Details gg;?:] Soil ggfctk giglj( {rﬁ?le
19 M.J Collage 1450 | 450 | 10.00 | - 4.90
20 Jhansi Rani Chowk 14.00 | 4.00 | 10.00 | - 5.10
21 Munje Chowk 14.00 | 4.00 | 10.00 | - 5.70
22 Railway Push Box. 1450 | 450 | 10.00 | - 4.60
23 Nagpur Corporation octroi Naka - 13 14.00 | 4.00 | 10.00 | - 4.20
24 Hazrat baba majar 14.00 | 4.00 | 10.00 | - 5.30
25 Mayo Hospital 12.00 | 2.00 | 10.00 | - 3.90
26 Sewa Sadan Chowk 13.00 | 3.00 | 10.00 | - 4.50
27 Gandhi Bagh (Bus Stop) 12,50 | 2.50 | 10.00 | - 4.35
28 Chittarawali Chowk 13.20 | 3.20 | 10.00 | - 4.70
29 Darodkar Chowk 13.15 | 3.15 | 10.00 | - 4.60
30 Rahate Hospital 1450 | 450 | 10.00 | - 4.75
31 Telephone Exchange 16.00 | 6.00 | 10.00 | - 7.20
32 Chapro Nagar Chowk, Bharat Furniture 16.00 | 6.00 | 10.00 | - 5.30
33 Ambedkar Chowk, 1750 | 7.50 | 10.00 | - 4.90
34 Ali Electrical, Vardhman Nagar Chowk 16.50 | 6.50 | 10.00 | - 7.40
35 Near Mahalaxmi Collaction 18.50 | 8,50 | 10.00 | - 6.40
36 Sapna Bar & Restorent 17.00 | 7.00 | 10.00 | - 4.30
37 Radhe Krishan Hospital Chowk 17.50 | 7.50 | 10.00 | - 7.30
38 Desi Wine Shop 21.00 | 10.00 | 10.00 | - 7.60
39 Gomti Hotel, Near P & B Bank 25.00 | 10.00 | 10.00 | - 7.30

TYPE OF FOUNDATION :NORTH - SOUTH CORRIDOR

A : Bored Cast in situ RCC Pile

Depending on the field and laboratory observations of subsoil strata, test results and
the type of structures proposed at site, the most feasible soil-foundation system is
recommended as normal bored cast in situ R.C.C. piles foundations of 0.80m & 1.0m
diameter at different depths with cut-off level at 1.50m to 2.0m depth below existing
Ground level. The safe load carrying capacities of these piles are given in following

table.

Table 0.6 :RCC PILE DETAILS FOR NORTH — SOUTH CORRIDOR

Borehole |Dia. of | Cutoff Pile Capacity
; Depth, m - -
Nos Pile level Compression | Uplift | Lateral
0.80 1.50 19.00 185.0 90.0 9.0
1.00 1.50 19.00 300.0 120.0 12.0
5 3 0.80 1.50 11.00 170.0 40.0 9.0
' 1.00 1.50 11.00 250.0 50.0 12.0
45,6 0.80 1.50 10.50 170.0 45.0 9.0

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013

Xi/XXXVili



Executive Summary

100 | 1.50 10,50 250.0 50.0 12.0
g 080 | 1.50 10.00 150.0 35.0 9.0

! 1.00 | 1.50 10.00 225.0 45.0 12.0

. 080 | 1.50 15.00 220.0 85.0 9.0
100 | 1.50 15.00 320.0 1000 | 120

" 080 | 1.50 10.00 150.0 35.0 9.0
100 | 1.50 10.00 225.0 45.0 12.0

1516 080 | 1.50 11.00 170.0 40.0 9.0

! 1.00 | 1.50 11.00 250.0 50.0 12.0

- 080 | 1.50 12.00 180.0 45.0 9.0
1.00 | 1.50 12.00 260.0 55.0 12.0

6101 | 080 | 150 10.00 150.0 35.0 9.0
100 | 1.50 10.00 225.0 45.0 12.0

080 | 1.50 10.00 140.0 33.0 9.0

231028 50 [ 1.50 10.00 210.0 40.0 12.0
080 | 1.50 10.00 150.0 35.0 9.0

291032 55150 10.00 225.0 45.0 12.0

B: Open square footing
Depending on the field and laboratory observations of subsoil strata, test results and the
type of structures proposed at site, the types of foundations, depths and net safe bearing
capacities recommended for design purposes are given in the following table. The net
SBC/API in the following table are the lower of the values obtained from shear failure
criterion as per IS: 6403 and settlement failure criterion as per IS: 8009, Part-I.

Table 0.7 : OPEN FOUNDATION DETAILS FOR NORTH — SOUTH CORRIDOR
For Permissible settlement = 40.0 mm

Type of
Foundation

Depth of
Foundation

(m)

Size of Foundation

(m)

Net Safe Bearing Capacity/
Allowable Pressure
Intensity (t/m?)

For Bore Hole Nos : 10to 13,22 & 33to 41 :

Square
footing

2.501t0 3.0

5.0t06.0

20.00

Note: For design purpose water table shall be considered at foundation level.

TYPE OF FOUNDATION : EAST - WEST CORRIDOR

A : Bored Cast in situ RCC Pile
Depending on the field and laboratory observations of subsoil strata, test results and the
type of structures proposed at site, the most feasible soil-foundation system is
recommended as normal bored cast in situ R.C.C. piles foundations of 0.80m & 1.0m
diameter at different depths with cut-off level at 1.50m to 2.0m depth below existing
Ground level. The safe load carrying capacities of these piles are given in following table.
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Table 0.8 :RCC PILE DETAILS FOR EAST - WEST CORRIDOR

Borehole | Dia. of | Cutoff Pile Capacity
. Depth, m _ _
Nos Pile level Compression | Uplift | Lateral
0.80 1.50 12.00 400.0 60.0 9.0
= 1.00 1.50 12.00 600.0 90.0 12.0
0.80 1.50 14.00 155.0 50.0 9.0
17=22 %0 | 150 14.00 240.0 70.0 12.0
23 24 0.80 1.50 14.00 180.0 60.0 9.0
1.00 1.50 14.00 250.0 75.0 12.0
25 _ 29 0.80 1.50 12.00 150.0 40.0 9.0
1.00 1.50 12.00 220.0 50.0 12.0
30 31 0.80 1.50 14.00 170.0 50.0 9.0
1.00 1.50 14.00 240.0 70.0 12.0
37 0.80 1.50 12.00 170.0 40.0 9.0
1.00 1.50 12.00 250.0 50.0 12.0
3334 0.80 1.50 15.00 200.0 80.0 9.0
1.00 1.50 15.00 300.0 100.0 12.0
35 _ 37 0.80 1.50 15.00 190.0 75.0 9.0
1.00 1.50 15.00 300.0 100.0 12.0
38 0.80 1.50 15.00 180.0 80.0 9.0
1.00 1.50 15.00 250.0 100.0 12.0
0.80 1.50 20.00 200.0 80.0 9.0
39 1.00 1.50 20.00 300.0 100.0 12.0
Note:

1. For design purpose, water table shall be considered at cut off level.

2. For design purpose, effective overburden pressure at pile tip should

correspond to pile length equal to 15 times the diameter.
3. The above values should be confirmed through pile load tests in the field

before adopting these values for design purposes.

B : Open square footing

Depending on the field and laboratory observations of subsoil strata, test results and the
type of structures proposed at site, the types of foundations, depths and net safe bearing
capacities recommended for design purposes are given in the following table. The net
SBC/API in the following table are the lower of the values obtained from shear failure
criterion as per IS: 6403 and settlement failure criterion as per IS: 8009, Part-I.
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Table :0.9: OPEN FOUNDATION DETAILS FOR EAST-WEST CORRIDOR
For Permissible settlement = 40.0 mm

Type Of. BlHole Depth O.f Size OT Net Safe Bearing Capacity/
Foundatio No Foundatio | Foundation :
Allowable Pressure Intensity
n n (m) (t/m?)
(m)
1-9 2.50-3.0 5.0t0 6.0 25.00
10&12 3.0 5.0t0 6.0 20.00
Square 17, 13 3.0 5.010 6.0 20.00
footing
14 -15 | 3.00 - 4.00 5.0t0 6.0 25.00
16 3.0 5.0t0 6.0 20.00

Note: For design purpose water table shall be considered at foundation level.

0.5.6 LAND

Land Requirement for following Major Components

e MRTS Structure (including Route Alignment), Station Building,

Entry/Exit Structures, Traffic Integration Facilities, Depots, etc.
e Receiving/Traction Sub-stations

e Radio Towers

e Temporary Construction Depots and work sites.
e Staff quarters, office complex and operation control centre(OCC)

Table 0.10: Summary of Permanent Land Requirement *

Platforms,

LAND DETAILS

EAST-WEST CORRIDOR
PRAJAPATI NAGAR TO
LOKMANYA NAGAR

NORTH-SOUTH CORRIDOR
AUTOMATIVE SQUARE TO
KHAPRI DEPOT

GOVT. LAND PVT.LAND | GOVT. LAND PVT. LAND
(in sgm) (in sgm) (in sgm) (in sgm)

STATIONS EXIT/ENTRY 3644.80 7769.40 7525.30 13812.50
RUNNING SECTION 3255.30 5680.80 101882.00 19025.90
DEPOT AREA 258973.00 339000.00
M ON/PARKING 8779.10 1465.70 53759.80 5179.20
TOTAL 274652.20 14915.90 502167.10 38017.60
TOTAL GOVT LAND 776819.30 SAY 77.68 HECTARES
TOTAL PVT LAND 52933.50 SAY 5.3 HECTARES

*Apart from this the State Government should provide 20 hectare land free of cost for

PD activity. Also for construction depots, temporary land @2 hectares per 10 km. will
be required on Temporary Basis.
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STATION PLANNING

Line -1 (North-South Corridor) Automative Square to KHAPRI Depot

A total of 17 Stations have been planned along the proposed NS Corridor. This corridor
originates starts from Automotive square and runs southwards on NH-7 through Nari
Road, Indora chowk, Gaddi Godam Square, Kastrurchand Park, Zero Mile, Sitaburdi,
Congress Nagar, Rahate colony, Ajn Sgre Station, Chhatrapati Sqr Station, Jaiprakash
Nagar, Ujjawal Nagar, Airport Station, New Airport Station and Khapri Station. The
Corridor is partly elevated and partly at grade. Total Length of the corridor is 19.658 Km
of which approximately 15.058 is elevated and 4.6 km is at grade. There are 17 stations
on this corridor of which 15 stations are elevated and 2 stations are at grade. Sitaburdi
Station is an Inter-change station. Average inter-station distance is 1.20km
approximately varying from 0.54km to 2.4km depending upon the site, operational and
traffic requirements. The sequence of stations with their respective chainages and

locational and platform characteristics is presented in Table 0.11A.

Table 0.11A: NS Corridor :

Sequence of Stations with Chainages and Locational & Platform Characteristics

Chainage Distance from :
Name of Station (in m) previous station Ra'.l level | Platform Alignment
(inm) (inm) type
Dead End -145.0

1 AUTOMOTIVE SQRE 0.0 408.2 303.900 Side Elevated
2. NARI ROAD 975.8 975.8 308.900 Side Elevated
3. INDORA CHOWK 2139.7 1163.9 314.100 Side | Elevated
4. KADVI CHOWK 3181.2 1041.5 318.400 Side Elevated
5. GADDI GODAM SQRE 4399.0 1217.8 323.200 Side Elevated
6. KASTURCHAND PARK 5148.6 749.6 326.300 Side Elevated
7. ZERO MILE 6175.5 1026.9 319.600 Side Elevated
8. SITABURDI 6709.2 533.7 310.900 Side Elevated
9. CONGRESS NAGAR 7897.2 1188.0 317.900 Side Elevated
10. RAHATE COLONY 8682.6 785.4 321.500 Side | Elevated
11 AJNI SQUARE 10104.7 1422.1 315.300 Side Elevated
12. CHHATRAPATI SQUARE 11146.3 1041.6 319.500 Side Elevated
13. JAIPRAKASH NAGAR 11811.5 665.2 320.000 Side Elevated
14. UJWAL NAGAR 12846.6 1035.1 311.000 Side Elevated
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Chainage Distance from :
. . ) . Rail level | Platform .
Name of Station (in m) previous station . Alignment
: (in'm) type
(in m)
15. AIRPORT 13784.9 938.3 313.300 Side | Elevated
16. NEW AIRPORT 16184.4 2399.5 299.000 Side At-Grade
17. KHAPARI 18460.6 2276.2 308.700 Side At-Grade
Dead End 19250.0

Line -2 (East-West Corridor) Prajapati Nagar to Lokmanya Nagar

A total of 19 Stations have been planned along the proposed EW Corridor This corridor
originates from Prajapati Nagar and runs westwards, through Vaishnodevi Chowk,
Ambedkar Chowk, Telephone Exchange, Chittar Oli Chowk, Agrasen Chowk, Doser
Vaisya Chowk, Nagpur Railway Station, Sitaburdi, Jhansi Rani Square, Institute of
Engineers, Shankar Nagar Square, LAD chowk, Dharmpeth College, Subhash Nagar,
Rachna (Ring road Junction), Vasudev Nagar, Bansi Nagar to Lomanya Nagar. The
entire corridor is elevated. The total length of the corridor is 18.266 kilometer. All
stations are elevated stations and Sitaburdi station is an Interchange Station. Average
inter-station distance is 1.00km approximately varying from 0.65km to 1.29km
depending upon the site, operational and traffic requirements. The sequence of stations
with their respective chainages and locational and platform characteristics is presented

in Table 0.11B

Table 0.11 B: EW Corridor :

Sequence of Stations with Chainages and Locational & Platform Characteristics

Chainage Distance from :
Name of Station (in m) previous station Ral_l el L2l Alignment
(inm) (inm) type
Dead End -392.0
1 Prajapati Nagar 0.0 392.0 301.0 Side Elevated
2 Vaishno Devi Chowk 1229.3 1229.3 305.3 Side Elevated
3 Ambedkar Chowk 1947.9 718.6 308.3 Side Elevated
4 Telephone Exchange 3137.4 1189.5 311.6 Side Elevated
5 Chittar Oli Chowk 3950.2 812.8 3115 Side Elevated
6 Agarsen Chowk 4759.8 809.6 319.5 Side Elevated
7 Dosar Vaisya Chowk 5590.4 830.6 321.9 Side Elevated
8 Nagpur Railway station 6464.4 874.0 319.7 Side Elevated
9 Sitaburdi (Interchange) 7707.7 1243.3 320.1 Side Elevated
10 Jhansi Rani Square 8354.0 646.3 313.9 Side Elevated
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Chainage Distance from :
. . ) . Rail level Platform .
Name of Station (in m) previous station . Alignment

. (inm) type

(in m)
11 Institute Of Engineers 9117.2 763.2 315.4 Side Elevated
12 Shankar Nagar Square 10074.9 957.7 316.9 Side Elevated
13 Lad Chowk 10873.1 798.2 319.1 Side Elevated
14 Dharmpeth College 12020.7 1147.6 329.5 Side Elevated
15 Subhash Nagar 12947.1 926.4 336.0 Side Elevated
16 Rachna Ring Road Jn. 14201.1 1254.0 338.8 Side Elevated
17 Vasdev Nagar 15173.9 972.8 345.2 Side Elevated
18 Bansi Nagar 16131.6 957.7 336.3 Side Elevated
19 Lokmanya Nagar 17792.6 1661.0 330.4 Side Elevated

Dead end 18165.0 372.4

Site specific plans for the stations were prepared and put up in the respective chapter.

0.7 TRAIN OPERATION PLAN
0.7.1 Operation Philosophy
The underlying operation philosophy is to make the MRT System more attractive and economical,
the main features being:
e Selecting the most optimum frequency of Train services to meet sectional capacity
requirement during peak hours on most of the sections.
¢ Economical & optimum train service frequency not only during peak period, but also
during off-peak period.
e A short train consists of 3 coaches.
e Multi-tasking of train operation and maintenance staff.

0.7.2 Train Operation Plan
0.7.2.1 Salient Features
¢ Running of services for 19 hours of the day (5 AM to Midnight) with a station
dwell time of 30 seconds, No services are proposed between 00.00 hrs to 5.00
hrs, which are reserved for maintenance of infrastructure and rolling stock.
e Make up time of 5-10% with 8-12% coasting.
e Scheduled speed for these corridors has been assumed as:
Line-1: North — South Corridor

‘Automotive Sqre to Congress Nagar’ section: 32 kmph
- ‘Congress Nagar to Depot Station’ section: 36 kmph
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Line-2: East-West Corridor

- ‘Prajapati Nagar to Lokmanya Nagar’ section: 30 kmph
- ‘Agrasen Chowk to Subhash Nagar’ section: 29 kmph

0.7.2.2 Train formation
To meet the above projected traffic demand, the possibility of running trains with composition of 3
cars with different headway has been examined.

Composition
DMC : Driving Motor Car
TC : Trailer Car

Capacity (@ 6 passengers per square meter of standee area)

Driving Motor Car (DMC) - 247 (43 seated + 204 standing)
Trailer Car (TC) - 270 (50 seated + 220 standing)
3 Car Train - 764 (136 seated + 628 standing)

0.7.2.3 PHPDT capacity provided

Table 0.12: PHPDT capacity provided

YEAR
Description
2016 2021 2031 2041
North — South Corridor
Cars/trains 3 3 3 3
Head way (Minutes) 6.0/12 5/10 4/8 3/6
Max. PHPDT Demand 10089 10936 12934 15729
_ _ 7640 9168 11460 15280
PHPDT Capacity Available (9730%) (1676%) (14595%) (19460%)
East — West Corridor
Cars/trains 3 3 3 3
Head way (Minutes) 6.5/13 6/12 4.5/9 3.5/7
Max. PHPDT Demand 7746 8460 9906 11882
. . 7052 7640 10187 13097
PHPDT Availabl
Capacity Available (8982%) | (9730%) | (12973%) | (16680)*

* @ 8 persons per square meter of standee area
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0.7.2.4 Year wise rake requirement

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

Table 0.13 : Year wise rake requirement

: Year No. of Rakg No. of cars
Corridor Rakes Consist
2016 11 3 car 33
North — South Corridor 2021 12 3 car 39
2031 16 3 car 51
2041 20 3 car 63
2016 12 3 car 36
_ 2021 13 3 car 39
East — West Corridor
2031 17 3 car 51
2041 20 3 car 60

0.8 ROLLING STOCK

The required transport demand forecast is the governing factor for the choice of the
Rolling Stock. The forecasted Peak Hour Peak Direction Traffic calls for a Light Capacity
Metro System (MRTS).

0.8.1 Coach Size

The following optimum size of the coach has been chosen for this corridor as mentioned

in Table 0.14

Table 0.14: Size of the coach

Length* Width | Height
Driving Motor Car (DMC) 21.64m 29m |39m
Trailer car (TC)/Motor Car (MC) | 21.34m 29m |3.9m

*Maximum length of coach over couplers/buffers =22.6 m

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

Therefore, for the Medium Rail Vehicles (MRV) with 2.9 m maximum width and

longitudinal seat arrangement, conceptually the crush capacity of 43 seated, 204
standing thus a total of 247 passengers for a Driving motor car, and 50 seated, 220

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 XXIXXXViii



@ Executive Summary

standing thus a total of 270 for a trailer/motor car is envisaged. Following train
composition is recommended:

3-car Train: DMC + TC + DMC

Table 0.15: Carrying Capacity of Medium Rail Vehicles

3 car Train Composition : DMC +TC +DMC

Train Carrying Capacity of 3 Car Train (@6 passengers per | : /64 passengers
square meter of standee area) @6 standee/sgm

NORMAL- 3 Person/sg. m of standee area, CRUSH - 6 Person/sg. m of standee area

0.9 SYSTEM OF TRACTION AND POWER TARIFF

The power requirements of a metro system are 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:-

0] Specific energy consumption of rolling stock — 75KWh/1000 GTKM
(i) Regeneration by rolling stock — 30%
(iii) Elevated station load — initially 200KW, which will increase to 400 KW in the year

2041

(iv) Underground Station load — initially 2000 kW, which will increase to 2500 kW in
the year 2041

(v) Depot auxiliary load - initially 1500 KW, which will increase to 2500 KW in the
year 2041

Keeping in view of the train operation plan and demand of auxiliary and traction power
requirements projected for the year 2016, 2021, 2031 and 2041 are summarized in

Table 0.16:-
Table 0.16: Power Demand Estimation (MVA)
Year
Corridor 2016 | 2021 | 2031 | 2041
North-South Corridor — 1 Traction 4.32 501 5.84 716
Automotive Sqgre to KHAPRI.
[19.658 kms ; 15 elevated Auxiliary | 772 | 7.84 | 9.14 ) 1149
Stations & 2 at Grade Station].
Total 12.04 12.85 14.98 18.65
East-West Corridor — 2 Traction 4.24 4.57 5.73 7.01
Prajapati Nagar to Lokmanya - 834 8.46 988 12 48
Nagar [18,557 kms ; 19 Auxiliary ' ' ' '
Elevated Stations]. Total 12.58 | 13.03 | 15.61 | 19.49
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0.10 MAINTENANCE DEPOT

0.10.1 Depot-cum-Workshop

It is proposed to establish one depot- cum- workshop near Khapri Station in MADC Land
for North South Corridor and one depot- cum- workshop in the land belonging to SRP
near Lokmanya Nagar for East West Corridor with following functions:

a)

b)

Depot- cum- workshop for North South Corridor (Line 1)

(i) Major overhauls of all the trains of Line 1.

(i) All minor schedules and repairs of Line 1.

(iii) Lifting for replacement of heavy equipment and testing thereafter of Line 1.
(iv) Repair of heavy equipments of Line 1.

Depot- cum- workshop for East West Corridor (Line 2)

(i) Major overhauls of all the trains of Line 2.

(i) All minor schedules and repairs of Line 2.

(iii) Lifting for replacement of heavy equipment and testing thereafter of Line 2.
(iv) Repair of heavy equipments of Line 2.

0.10.2 The Depot planning near Khapri Station for North South Corridor and near Lokmanya
Nagar for East West Corridor is based on following assumptions:

(i)

(ii)

(i)

Enough space should be available near Khapri Station for North South Corridor and
near Lokmanya Nagar for East West Corridor for establishment of a Depot- Cum-
workshop

All inspection, workshop lines and stabling lines are designed to accommodate two
trainsets of 3- car each.

All stabling lines are planned in the proposed depot-cum-workshop assuming
adequate space availability. In case of space constraints, if any, stabling facilities
may need to be created at terminal stations or elsewhere to cater to the required
stability facilities.

(iv) Provision of transfer line from one corridor to another corridor.
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In broad terms, based on the planned Rolling Stock requirements, this chapter covers
conceptual design on following aspects and will work as a guide for detailed design later:

e Layout of Stabling-shed, Inspection-shed, minor repairs and heavy repair
overhauling workshop and cleaning of Rolling Stock.

e Operational and functional safety requirements.

¢ Ancillary buildings for other maintenance facilities.

o Electrical & Mechanical Services, power supply and distribution system.

o Water Supplies, Drainage & Sewerage.

0.11 SIGNALLING

The signaling system shall provide the means for an efficient train control, ensuring
safety in train movements. It assists in optimization of metro infrastructure investment
and running of efficient train services on the network.

0.11.1 Standards

The following standards will be adopted with regard to the Signalling system.

Table 0.17: Standards of Signalling System
Description Standards

Computer based Interlocking adopted for station having
switches and crossing. All related equipment as far as
= |nterlocking possible will be centralised in the equipment room at the
station. The depot shall be interlocked except for lines
mainly used for workshop lines, inspection shed lines etc.

With Direct current 110V D.C. point machines or 380 volts 3

" Operation of Points phase, 50 Hz. AC point machines.

Audio frequency Track circuits on running section, test track

" Track Circuit (if used) | _ = depot

= Signals at Stations with | Line Side signals to protect the points (switches). LED type
point & crossings signals for reliability and reduced maintenance cost.

= UPS (uninterrupted
power at stations as | For Signalling and Telecommunications
well as for OCC)
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Description Standards

Automatic Train Protection system (CBDT based). The

= Train protection system . .
P y system architecture shall provide for redundancy.

Automatic Train Supervision system. Movement of all trains
to be logged on to a central computer and displayed on
= Train Describer System | workstations in the Operational Control Centre and at the
SCR. Remote control of stations from the OCC. The system
architecture shall provide for redundancy.

= Cables Outdoor cables will be steel armoured as far as possible.

SIL-4 safety levels as per CENELEC standard for signal

= Fail Safe Principles o
application.

All data transmission on telecom cables/OFC/Radio. All
Signalling and telecom cables will be separated from power
cables. CENELEC standards to be implemented for EMC.

= Immunity to External
Interface.

= Train Working under | Running on site with line side signal with speed
emergency automatically restricted between 15-25 kmph.

= Environmental . " .
Air-conditioners for all equipment rooms.

Conditions
Philosophy of continuous monitoring of system status and
preventive & corrective maintenance of Signalling
= Maintenance equipments shall be followed. Card / module / sub-system
philosophy level replacement shall be done in the field and repairs
under taken in the central laboratory/ manufacturer's
premises.
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0.12 TELECOMUNICATION AND AUTOMATIC FARE COLLECTION

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.

0.12.1 Technology

The Technologies proposed to be adopted for telecommunication systems are shown in
Table 0.18 below:-

Table 0.18: Technologies Proposed for Telecommunication Systems
System Standards

e Transmission Optical Fibre system as the main bearer for bulk of the
Media telecommunication network

EPABX of minimum 30 ports is to be provided at all Stations, an

* Telephone Exchange of 60 Ports to be provided at Terminal Station . Larger

Exchange exchange is required at OCC/Depot depending upon the actual users
e Train Radio | Digital Train radio (TETRA) communication between motorman of
System moving cars, stations, maintenance personnel and central control.

LED/LCD based boards with adequate visibility to be provided at

e Train Destination | convenient location at all stations to provide bilingual visual indication
Indicator System | of the status of the running trains, and also special messages in

emergencies.

Accurate display of time through a synchronisation system of slave

clocks driven from a master clock at the OCC and sub — master clock

in station. This shall also be used for synchronisation other systems.

e Centralized clock
system

e Passenger
Announcement
System

Passenger Announcement System covering all platform and
concourse areas with local as well as Central Announcement.

Redundancy on Radio’s in the Base Stations,
Path Redundancy for Optical Fibre Cable by provisioning in ring
configuration.

e Redundancy
(Major System)

* Environmental All equipment rooms to be air-conditioned.

Conditions
System to have, as far as possible, automatic switching facility to
alternate routes/circuits in the event of failure.
e Maintenance Philosophy of preventive checks of maintenance to be followed.
Philosophy System networked with NMS for diagnosing faults and co-ordination.

Card/module level replacement shall be done in the field and repairs
undertaken in the central laboratory/manufacture's premises.
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Metro Rail Systems handle large number of passengers. Ticket issue and fare collection
play a vital role in the efficient and proper operation of the system. To achieve this
objective, ticketing system shall be simple, easy to use/operate and maintain, easy on
accounting facilities, capable of issuing single/multiple journey tickets, amenable for
quick fare changes and require overall lesser manpower. In view of above, computer
based automatic fare collection system is proposed.

0.12.3 Automatic fare collection systems have the following advantages:

N

N Ok ®

Less number of staff required.
Less possibility of leakage of revenue due to automatic ticket check by control

gates.

Recycling of ticket fraudulently by staff avoided.
Efficient and easy to operate, faster evacuation both in normal and emergency.
System is amenable for quick fare changes.

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

applications also, including in other lines of the Metro.
AFC systems are the worldwide accepted systems for LRT/Metro environment.

0.12.4 Technology

The technology proposed for AFC systems are as given under in Table 0.19:

Table 0.19: Technologies Proposed for AFC Systems

Standards

Description

Fare media

a) Contactless smart card — For multiple journeys.
b) Single Journey : Contactless Token

Gates

Computer controlled retractable flap type automatic gates at
entry and exit. There will be following types of gates:
e Entry
e Exit
e Reversible (if required as per final station layout) —
can be set to entry or exit
e Reversible Handicapped Gate -gate for disabled
people.
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Standards Description

All the fare collection equipment shall be connected in a
local area network with a station server controlling the
activities of all the machines. These station servers will be
linked to the central computer situated in the operational
control centre through the optic fibore communication

e Station computer,
Central computer and
AFC Net work

real time data of earnings, passenger flow analysis,
blacklisting of specified cards etc.

channels. The centralised control of the system shall provide

Manned Ticket office machine shall be installed in the
stations for selling tickets to the passengers. Also POM'’s
shall be provided for Automatic Ticket Vending.

e Ticket office machine
(TOM/EFO)

e Ticket reader/Add value check information stored in the ticket.
Machine and portable .This shall also be used as a Add Value Machine to allow

topped up through internet.

Ticket reader shall be installed near EFO for passengers to

ticket decoder. passeneger to tap and add value to his card which has been

e UPS (uninterrupted

power at stations as well | common UPS of S&T system will be utilised.
as for OCC).

0.13 DISABLED FRIENDLY FEATURES

The objective of making this chapter is to create a user-friendly mass transport system in
India which can ensure accessibility to persons with disabilities, people travelling with
small children or are carrying luggage, as well as people with temporary mobility
problems (e.g. a leg in plaster) and the elderly persons.

The design standards for universal access to Public Transport Infrastructure including
related facilities and services, information, etc. would benefit people using public
transport.

The access standards given here are extracted from Indian Roads Congress Code, IRC
103: 2012, Guidelines for Pedestrian Facilities; Model Building Bye-Laws, 2011 and
National Building Code, 2005. Central Public Works Department's (CPWD) “Space
Standards for Barrier Free Built Environment for Disabled and Elderly Persons”, 1998
and 2013 edition (under revision by MoUD), and international best practices / standards
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Further, it has also been attempted to provide guidelines/ standards for alighting and
boarding area, approach to station, car parking area, drop-off and pick-up areas,
taxi/auto rickshaw stand, bus stand/stop, footpath (sidewalk), kerb ramp, road
intersection, median/pedestrian refuge, traffic signals, subway and foot over bridge etc.
to achieve a seamless development around metro

0.14 ENVIRONMENT IMPACT ASSESSMENT

0.14.1 Environmental Impacts

A total of 101 structures (74 in EW Corridor and 27 in NS Corridor) of various
dimensions shall be affected by the proposed project. Majority of the structures are
privately owned.

According to the results of the present study, it is found that about 337 trees are likely to
be lost due to the project. Four trees have to be planted for each tree cut. Hence 1348
trees to be planted. These trees would have occupied about 96 ha in the forest. No no-
forest land is available, hence 96 ha have to be re-afforested in degraded forests in or
around Nagpur

Utility/Drainage Problems: The alignment will cross drains/nallahs large number of sub-
surface, surface and utility services, viz. sewer, water mains, storm water drains,
telephone cables, overhead electrical transmission lines, electric pipes, traffic signals
etc. These utilities/ 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.

0.14.2 Positive Environmental Impacts

Employment Opportunities: Manpower will be needed in various activities during
construction. In operation, about 45 persons per kilo meter length of the corridor, ie
(approx. 1,700 persons) will be employed for operation and maintenance of the proposed
system. Thus the project would provide substantial direct employment; besides, more
people would be indirectly employed in allied activities and trades.

Enhancement of Economy: The construction of Nagpur Metro will facilitate the
population to move from one end of the city to another. The proposed transport
facility will facilitate rural population to move quickly towards urban centres and
return there from. With the development of Nagpur Metro, it is likely that more
people will be involved in trade, commerce and allied services.
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Mobility: Metro lines will facilitate people to move quickly towards urban centres and
return from there. Any reduction in number of private vehicles will results in reduction of
accidents which will involve savings from damage to vehicles and savings towards
medical and insurance expenses to persons involved in accidents.

Less Fuel Consumption: On implementation of the project both petrol and diesel
consumption will get reduced due to shift of passengers from road to rail and also due to
decongestion on road.

Less Air Pollution: With the construction of metro, there will be less vehicular traffic by
road, and consequently less air pollution, and hence the air quality will improve.

Reduction in Traffic Congestion: Metro will reduce the congestion and journey time on
roads because of diversion of some traffic to Metro. Reduction in traffic congestion will
save the necessary capital investment and vehicle operating cost as well as increase in
time saving per vehicle.

Environmental Management Plan: The project will provide higher living standard,
better quality of life, less travel time, better connectivity and transport facilities. The
management plans are essential to ensure that stress/ loads on the systems are within
carrying capacity. The management plan aims at maintaining the environmental quality
of project area minimal in pre-project stage. An environmental management strategy/
plans were developed to mitigate the adverse impacts

0.15 SECURITY MEASURES FOR A METRO SYSTEM

Metro is emerging as the most favoured mode of urban transportation system. The
inherent characteristics of metro system make it an ideal target for terrorists and
miscreants. Metro systems are typically open and dynamic systems which carry
thousands of commuters. Moreover the high cost of infrastructure, its economic
impotence, being the life line of city high news value, fear & panic and man casual ties
poses greater threat to its security. Security is a relatively new challenge in the context of
public transport. It addresses problems caused intentionally. Security differs from safety
which addresses problems caused accidentally. Security problems or threats are caused
by people whose actions aim to undermine or disturb the public transport system and/or
to harm passengers or staff. These threats range from daily operational security
problems such as disorder, vandalism and assault to the terrorist threat.

0.15.1 Necessity of Security

It is well known that public transportation is increasingly important for urban areas to
prosper in the face of challenges such as reducing congestion and pollution. Therefore,
security places an important role in helping public transport system to become the mode
of choice. Therefore, excellence in security is a prerequisite for Metro system for
increasing its market share. Metro railway administration must ensure that security
model must keep pace rapid expansion of the metro and changing security scenario.
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0.15.2 Three Pillars of Security

Security means protection of physical. Human and intellectual assets either from
criminal interference, removal of destruction by terrorists or criminals or incidental to
technological failures or natural hazardous events. There are three important pillars of
security as mentioned under:

(i) The human factor;
(i) Procedures; and
(iii) Technology

0.16 DISASTER MANAGEMENT PLAN FOR A METRO RAIL SYSTEM

A disaster is a tragic event, be it natural or manmade, which brings sudden and immense
agony to humanity and disrupts normal life. It causes large scale human suffering due to
loss of life, loss of livelihood, damages to property and persons and also brings untold
hardships. It may also cause destruction to infrastructure, buildings, communication
channels essential services, etc.

0.16.1 Need for Disaster Management Measures

The effect of any disaster spread over in operational area of Delhi Metro is likely to be
substantial as DMRC deals with thousands of passengers daily in underground tunnels,
viaducts and stations. Disaster brings about sudden and immense misery to humanity
and disrupts normal human life in its established social and economic patterns. It has the
potential to cause large scale human suffering due to loss of life, loss of livelihood,
damage to property, injury and hardship. It may also cause destruction or damage to
infrastructure, buildings and communication channels of Metro. Therefore there is an
urgent need to provide for an efficient disaster management plan.

0.16.2 Objectives:

The main objectives of this Disaster Management Measures are as follows:

o Save life and alleviate suffering.

. Provide help to stranded passengers and arrange their prompt evacuation.

. Instil a sense of security amongst all concerned by providing accurate
information.

. Protect Metro Rail property.

o Expedite restoration of train operation.

. Lay down the actions required to be taken by staff in the event of a disaster in
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o Delhi Metro Rail Corporation in order to ensure handling of crisis situation in
coordinated manner.

To ensure that all officials who are responsible to deal with the situation are thoroughly
conversant with their duties and responsibilities in advance. It is important that these
officials and workers are adequately trained in anticipation to avoid any kind of confusion
and chaos at the time of the actual situation and to enable them to discharge their
responsibilities with alertness and promptness

0.17 MULTI MODAL TRANSPORT INTEGRATION

The Metro Transport Network in Nagpur will cover a length of approximately 39 kms. It
will be augmented through enhanced flexibility of criss-cross interchanges to other
modes and reduce the travel time of commuters. While Metro provides a high capacity
corridor to carry the passengers, the need for integration of with other
secondary/intermediate transport modes is getting highlighted more than ever to ensure
a seamless transfer. This concept is to provide at least last mile or half mile connectivity
to the commuters with in their places of stay. Accordingly top priority to this issue, MoUD
has laid down policy guidelines to include the need and provisioning of all public, IPT and
private modes in the DPRs for the Metro Systems. (Ref: MoUD (Urban Transport Wing)
Advisory Circular no. K-14011/1/2007-UT-IV dated 30.08.2013)

The share of various modes of secondary/ intermediary modes of travel is complex and
debatable issue which is dependent on a large number of variables like available road
width, penetration in the residential areas, Road condition, distance from the existing
Metro Stations, availability of parking and lay out and availability of circulating areas at
the Metro Stations, Business centre or markets & existing traffic densities. These factors
relate with each other and evolve with development of new modal mix of transport,
infrastructure and changes with the passage of time . Even though for a given urban
transport scenario, optimal mode share may be determined from computer based
models but actual optimal mode share is never achievable on the road due to dynamic
nature of demand and supply of transport modes

0.18 COST ESTIMATES

Cost estimates have been prepared based on the rates accepted for Delhi Metro duly
escalated up to June 2012 level.

Corridor - 1: NORTH-SOUTH CORRIDOR (AUTOMOTIVE SQUARE TO KHAPRI)

The overall capital cost for Corridor 1: at June 2012 price level, works out to Rs. 3015
Crore, excluding taxes and duties, but including general charges & design charges @
5% on all items except land and 3% contingencies on all items. Estimated total taxes &
duties are Rs. 420Crore.
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Corridor-2: EAST-WEST CORRIDOR (LOKMANYA NAGAR TO PRAJAPATI NAGAR)

The overall capital cost for Corridor-2: at June 2012 price level, works out to Rs. 2984
Crore excluding taxes and duties, but including general charges & design charges @ 5%
on all items except land and 3% contingencies on all items. Estimated total taxes &
duties are Rs. 443Crore.

FINANCING OPTIONS, FARE STRUCTURE AND FINANCIAL VIABILITY

The Nagpur Metro project- North South corridor (Automative Square to KHAPRI) and
East West corridor (Prajapati Nagar to Lokmanya Nagar), covering a total route length of
38.215 Kms is proposed to be constructed with an estimated cost as per details are
shown in Table 0.20 below:-
Table 0.20: Completion Cost
(Rs./Crore)

Corridor
No

Name of
Corridor

Distance
(KMs)

Estimated
Cost without
Central taxes
at June-2012

Price Level

Estimated
Cost with
Central taxes
at June-2012
Price Level

Completion
Cost

North-South
Corridor

19.658

3015.00

3435.00

East-West
Corridor

18.557

2984.00

3427.00

8680

Total

38.215

5999.00

6862.00

The estimated cost at June-2012 price level also includes an amount of Rs.40 Crore as
one-time charges of security personal towards cost of weapons, barricades, and hand
held and door detector machine etc. However, the recurring cost towards salary and
allowances of security personal have not taken in to account in FIRR calculation

0.19.2 Financial Internal Rate of Return (FIRR)

The Financial Internal Rate of Return (FIRR) and costs for 30 years business model
including construction period is 10.35%.

0.19.3 Funding Pattern

The funding pattern has been worked out under two models viz., SPV model and BOT
Model.

a) The proposed funding with Central Taxes assumed under the SPV model is placed

in Table 0.21 as under: -
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Table 0.21: Funding pattern under SPV model

(Rs/Crore)
With Taxes & Duties
Particulars Amount % of
(Rs/Crore) contribution

Equity by GOI 1114.00 12.83%
Equity by GOM 1114.00 12.83%
SD by GOM to central Taxes (50%) 441.00 5.08%
SD by GOI for Central Taxes (50%) 441.00 5.08%
SD by GOM to StateTaxes 259.00 2.98%
SD by GOM for Land 644.00 7.42%
Nagpur Improvement Trust Contribution 421.00 4.85%
Nagpur Municipal Corporation Contribution 421.00 4.85%
JICA Loan @ 1.40% PA/Market Borrowing 3825.00 44.08%
@12% ) .08%

8680.00 100%

Total

b) The proposed funding with Central Taxes assumed under the BOT model is
placed in Table 0.22 as under: -

Table 0.22 Funding pattern under BOT model (with central taxes)

Particulars Amount (Rs/Crore) % of contribution
VGF by GOI 1555.40 20.00%
VGF by GOM 524.60 6.75%

Equity by Concessionaire 1899.00 24.42%
Concessionaire’s debt @12% PA 3798.00 48.83%
Total 7777.00 100.00%

Land Free by GOM 644.00

State Taxes by GOM 259.00

IDC 445.00

Total including IDC 9125.00
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0.19.4 Cost Investment Break Up

It is assumed that commercial operation shall start from April-2018. The Revenue
Opening Date (ROD) has been assumed as 01.04.2018. The total completion costs duly
escalated is shown in Finance Chapter, which has been taken as the initial investment.
The cash flow of investments based on completion cost is in Table 0.23 as below:

Table 0.23: Year wise Investment-With Central Taxes

. : Cost at June 2012 Completion
Financial Year i

Price Level Cost
2013-14 447.00 452.00
2014-15 944.00 1021.00
2015-16 1555.00 1874.00
2016-17 1865.00 2412.00
2017-18 1430.00 1983.00
2018-19 497.00 740.00
2019-20 124.00 198.00
Total 6862.00 8680.00

0.20 ECONOMIC ANALYSIS
0.20.1 The sources from where economic savings occur are identified first. Although there are

many kinds of primary, secondary and tertiary benefits, only the quantifiable components
can be taken to measure the benefits. These components are quantified by linking with
the number of passengers shifted and the passenger km saved by the trips which are
shifted from road/rail based modes to metro. It may be observed that first four benefit
components given in Table 0.24 are direct benefits due to shifting of trips to metro, but
other benefit components are due to decongestion effect on the road. Benefit
components were first estimated applying market values then were converted into
respective Economic values by using separate economic factors which are also given in
Table 0.24. Depending upon methodology of estimation, economic factors are assumed.
Overall economic value of benefit components is 90% of the market value. Similarly
economic value of the cost components are 80% of the market cost.

Table 0.24: Benefit Components due to Metro

Economic
Benefit Components Factors
1 | Construction Cost 80%
2 | Maintenance Cost 80%
3 | Annual Time Cost Saved by Metro Passengers 90%
4 | Annual Fuel Cost Saved by Metro Passengers 90%
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Economic
Benefit Components Factors

5 | Annual Vehicle Operating Cost Saved saved by Metro

Passengers 90%
6 | Emission Saving Cost 100%
7 | Accident Cost 100%
8 | Annual Time Cost Saved by Road Passengers 90%
9 | Annual Fuel Cost Saved by Road Passengers 90%
10 | Annual Infra Structure Maintenance Cost 90%
11 | overall economic factor for the benefit components 93%

The project cost comprises capital cost, operation and maintenance cost including:

. Capital cost of infrastructure (civil engineering, land, track, power supply, traction
system, signaling and telecommunications, etc.) and rolling stock.
« Operating cost of metro

The benefit stream that has been evaluated and quantified includes:

o Capital and operating cost (on present congestion norms) of carrying the total volume
of passenger traffic by existing bus system and private vehicles in case metro project
is not taken up.

e Savings in operating costs of all buses and other vehicles due to de-congestion
including those that would continue to use the existing transport network even after
the metro is introduced.

e Savings in time of commuters using the metro over the existing transport modes
because of faster speed of metro.

e Savings in time of those passengers continuing on existing modes, because of
reduced congestion on roads.

e Savings on account of prevention of accidents and pollution with introduction of
metro.

e Savings in road infrastructure and development costs that would be required to cater
to increase in traffic, in case metro is not introduced.

e Savings in fuel consumption on account of less number of vehicles on road and
decongestion effect with introduction of metro are included in those of vehicle
operating cost.

The Economic Internal Rate of Return (EIRR) in worked out as 17.70% for this
project.
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0.21 IMPLEMENTATION STRATEGY AND PROJECT IMPLEMENTATION

0.21.1 To ensure that the project is implemented as targeted in this report it has to get the
visible positive support from Nagpur Administration, GoM and Gol. To enable Nagpur
metro project to be implemented without any loss of time and cost over-run, effective
institutional arrangements would need to be set up. Presently, Nagpur Improvement
Trust (NIT) is dealing with this Project but there is need to have an SPV responsible
entirely for this project.

0.21.2 Special Purpose Vehicle

Special Purpose Vehicle (SPV) is a legal entity established for implementation of specific
projects and is used to isolate the governing authority / stakeholder company from
operational and financial risk. SPV has a management dedicated to the accomplishment
of the specific objective. The SPV also allows securitization of assets without disturbing
the managerial relationship. Under the arrangement, any predictable income stream
generated by secure assets can be securitized. Three models have been analyzed and
summarized below:-

a) Implementation through Government

Under this model, the entire project development, implementation and operation is
undertaken and financed by the government authority. Some recent examples of metro
rail projects implemented directly through Government agencies are as under.

o Delhi

o Bangalore

. Chennai

. Jaipur

o Kolkata

b) Implementation through BOT model

BOT approach assumes that the metro is given to a private partner (Concessionaire) to
develop and operate over the concession period. The private partner brings requisite
funds and the efficiency of private sector management in the implementation as well as
operation of the project. NMRC'’s role in this option is limited to that of a regulatory
authority. Thus NMRC would monitor the implementation of the project such as laying
down the passengers fares, targets for the minimum number of services to be run by the
private partner, frequency, punctuality and reliability of these services, etc. There are
only two projects namely Hyderabad and Mumbai being implemented through BOT
model. The success of this model in India is still to be known.

C) Implementation through PPP model

Under this mode, the government entity undertakes all civil works and the associated
station work, while all other works like rolling stock, signaling and telecom, track laying
work are undertaken by the private partner along with management of the metro service
over the concession period. This enables the client to monitor and adhere to quality and
construction timelines for the project in a better way. Implementation of airport express
line in Delhi is the only example of this model in India.
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d) Proposed Implementation Model

Due to very low FIRR and uncertainties of getting the agencies for taking up this work on
BOT/PPP model, it is proposed that implementation of Nagpur Metro should be done on
DMRC/BMRC model.

0.19 CONCLUSIONS AND RECOMMENDATIONS

i) It has been established that a Light Capacity Metro System (MRTS) with carrying
capacity of about 25,000 PHPDT would be adequate to meet not only the present
traffic demand but also cater to the demand for the next 30 years.

i) After examining the various options for execution of Nagpur Metro Rail Project, it is
recommended that the project be implemented through government funding,
Implementing through an SPV namely “ Nagpur Metro Rail Corporation (NMRC)”
registered under the Companies Act, 1956. This SPV should be a PSU of GoM and
Gol. After the approval of State Government, DPR to be sent to the Secretary,
Ministry of Urban Development, Government of India, advising GOI of the State
Government’s intention to take up the Project on government funding basis and
requesting for the latter’s “In Principle” clearance to go ahead with the Project.
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Exe

Key plan of Nagpur Metro is shown in Fig-0.1

FIG: 0.1

cutive Summary
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CHAPTER-1

INTRODUCTION

1.1 BACKGROUND
1.1.1 FACTS ABOUT NAGPUR

Nagpur is the third largest city of Maharashtra and also the winter capital of the state.
With a population of approximately 25 lakhs, Nagpur Metropolitan Areais the 13th
largest urban conglomeration in India. It has also recently been ranked as the cleanest
city and the second greenest city of India. In addition to being the seat of annual winter
session of Maharashtra state assembly "Vidhan Sabha", Nagpur is also a major
commercial and political center of the Vidarbha region, It is also known as "Orange City"
for being a major trade center of oranges that are cultivated in the region.

Nagpur lies precisely at the center of the country with the Zero Mile Marker indicating the
geographical center of India. The city was founded by the Gonds but later became part
of the Maratha Empire under the Bhonsles. The British East India Company took over
Nagpur in the 19th century and made it the capital of the Central Provinces and Berar.
After the first reorganisation of states, the city lost its capital status but according to the
informal "Nagpur Pact" between political leaders, it was made the second capital of
Maharashtra. Nagpur is also declared, "Tiger Capital of India " as it connects
many Tiger Reserves in India to the world.

Etymology

The Nag River, a tributary of the Kanhan River, flows in a serpentine path and is
therefore named "Nag", the Marathi word for snake. And hence, the river and city is
named as Nagpur. During British times the city used to be referred to as Nagpore. While
others says that the river flows through the old city of Nagpur and hence the city is
named after this river. "Pur" is a common suffix given to cities, villages and towns across
India, and is often simply translated “city". The seal of Nagpur Municipal
Corporation depicts a cobra in the water of a river
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Geography and Climate
Geography

Nagpur lies on the Deccan plateau of the Indian Peninsula and has a mean altitude of
310.5 meters above sea level.The underlying rock strata are covered with alluvial
deposits resulting from the flood plain of the Kanhan River. In some places these give
rise to granular sandy soil. In low lying areas which are poorly drained, the soil is alluvial
clay with poor permeability characteristics. In the eastern part of city
crystalline metamorphic rocks such as gneiss, schist and granites are found, while in the
northern part yellowish sand stones and clays of the lower Gondwana formations are
found.

Nagpur city is dotted with natural and man-made lakes with Ambazari lake being the
largest. Other natural lakes include Gorewada Lake and Telangkhedi lake. Sonegaon
lake and Gandhisagar lake are man-made lakes created by the city's historical rulers.
Nag river, Pilli nadi along with nallas form the natural drainage pattern for the
city. Nagpur is known for its greenery, and was judged as the cleanest and second
greenest in India after Chandigarh.. Recently, Government of India selected Nagpur as a
Model City for National Clean Air Mission by allocating 25 crores for the plan. This
project will be handled by Nagpur's own NEERI (National Environmental Engineering
Research Institute).

Climate

As it is located at centre of Indian peninsula far from the Bay of Bengal and the Arabian
Sea, Nagpur has a tropical wet and dry climate with dry conditions prevailing for most of
the year. It receives an annual rainfall of 1,205 mm (47.44 in) from monsoon rains during
June to September. The highest recorded rainfall was 304 mm on 14 July
1994. Summers are extremely hot lasting from March to June, with maximum
temperatures occurring in May. Winter lasts from November to January, during which
temperatures can drop below 10 °C (50 °F). The highest ever recorded temperature in
the city is 49°C, while the lowest is 3°C.

1.1.2 DEMOGRAPHICS

As per provisional reports of Census India, population of Nagpur in 2011 is 2,405,421; of
which male and female are 1,226,610 and 1,178,811 respectively. Although Nagpur city
has population of 2,405,421; its urban UA / metropolitan population is 2,497,777 of
which 1,275,750 are males and 1,222,027 are females'. Details of population of Nagpur
city and Nagpur Metropolitan Area are given in Table 1.1 A, 1.1B

! http://mww.census2011.co.in/census/city/353-nagpur.html
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Table 1.1 A :Census India, population of Nagpur City in 2011

Nagpur City Total Male Female
Population 2,405,421 1,226,610 1,178,811
Literates 2,018,598 1,060,359 958,239
Children (0-6) 237,865 123,851 114,014
Average Literacy (%) 93.13 96.16 89.99
Sex ratio 961

Child Sex ratio 921

Table 1.1 B :Census India, population of Nagpur Metropolitan in 2011

Nagpur Metropolitan Total Male Female
Population 2,497,777 1,275,750 1,222,027
Literates 2,095,419 1,102,638 992,781
Children (0-6) 248,678 129,522 119,156
Average Literacy (%) 93.17 96.20 90.02
Sex ratio 958

Child Sex ratio 920

The population growth rate of Nagpur City for last five decades is given in Table 1.1 C

below :
Table-1.1 C
Year Population Nagpur City Growth Rate (%)
1971 866000 34
1981 1217000 40
1991 1622818 34
2001 2051320 26
2011 2405421 17
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1.1.3 VEHICLE POPULATION IN NAGPUR CITY (As per Motor Transport Statistics of

Maharashtra)

Motor Vehicles Population on Road as on 31st March, 2011 & 31st March, 2012 in Nagpur

City are as below :

Table-1.2*

Motor Vehicles Population in Nagpur City
S.No. | Category 31st March, 2011 | 31st March, 2012
1 Motor Cycles 390102 429837
2 Scooters 293926 318999
3 Mopeds 283810 283771
TOTAL OF TWO WHEELERS 967838 1032607
4 Motor Cars 89479 99233
5 Jeeps 28244 29727
6 Station Wagons 842 842
7(A) | Taxi meter fitted 0 0
7(B) | Taxi Tourist Cabs 2661 2907
8 Autorickshaws 16417 17149
9 Stage Carriages 1741 1741
10 Contract Carriages 735 899
11 School Buses 575 615
12 Private Service Vehicles 1307 1314
13 Ambulances 525 567
14 Arti. & Multi.Veh. 896 925
15 Trucks & Lorries 12658 13024
16 Tankers 2275 2532
17 Delivery Van (4 Wheelers) 12879 14183
18 Delivery Van (3 wheelers) 6161 6844
19 Tractors 5385 5402
20 Trailers 5263 5348
21 Others. 1153 1240
TOTAL OF ALL TYPES 1157034 1237099

*RTO Nagpur figures

1.1.4 RAIL AND AIR TRANSPORT IN NAGPUR CITY

A total of 160 trains from various destinations hault at Nagpur. These include various
passenger, express, mail, Duronto, Rajdhani, Garib Rath trains. Of these 26
terminate/originate from Nagpur. Almost 1.5 lakh passengers board/alight daily at
different stations in Nagpur. Of which Nagpur Central Station alone is used by
approximately 100,000 passengers. Ajani, Itwari and Kalamana are other important
railway stations within Nagpur. Nagpur Central is mainly used for long distance travel,
whereas Ajini, Itwari station are used for commuting nearby areas such as Butibori,
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Ramtek etc. The city is the Divisional Head Quarters for the Central Railway and South
East Central Railway Zone of Indian Railways.

The Airport handles around 4,000 passengers per day and caters to 6 Domestic Airlines
connecting Nagpur to 12 domestic destinations including Mumbai, Delhi, Pune, Kolkata,
Hyderabad, Raipur etc and a few (connecting flights) International Airline to Singapore
etc.

1.1.5 POINTS FROM OTHER FEASIBILITY SURVEY DONE FOR NAGPUR

1.1.5.1 The Nagpur Municipal Corporation (NMC) had awarded the project titled “ Preparation
of Master Plan/Perspective Plan for Transportation System of Nagpur City 2031” to
L&T-Ramboll Consulting Engineers Limited in June 2007. The study aims to update the
long-term transportation strategy for NMC and identify a practicable and effective
investment programme up to 2031. Consultants commenced the study in the month of
June,2007 and completed in June,2008. L&T Ramboll Consulting Engineers Limited
had carried out the Comprehensive Traffic and Transportation Study and
prepared Transportation Master Plan for Nagpur city commissioned by NMC. As a
part of study consultants had
1. Reviewed all the relevant secondary data related to landuse, travel pattern
and demographics, supply of transport infrastructure and road safety
etc.Major traffic generators such as MIHAN (Multi-modal International Cargo
Hub and Airport at Nagpur), Industrial Areas such as Butibori and Higna etc were
taken into account to forecast future population and employment.

2. Conducted primary traffic surveys including household surveys (2% of sample
households)
3. Developed Travel demand models using the TRIPS/CUBE Software and

validated for the base year and using the validated software forecasted travel
demand for 2011,2021 and 2031 for two scenarios (do nothing) and do something
(improved public transportation scenario)

4. Based on the outputs of travel demand models and studying the
availability =~ of  present transportation infrastructure consultants have
recommended short term,medium term and long term improvement proposals to
be implemented from 2009-2031.

1.1.5.2 Salient Features of Nagpur Current Traffic and Transportation Scenario
(L&T-Ramboll study) :

o Nagpur is the second capital of Maharashtra and is located in the geo-graphical
centre of India with good road and rail network.

o Nagpur acts as transhipment place for areas like Chattisgarh and Eastern
Maharashtra

e 2008 population of NMC as 24.47 lakhs and average density as 112 pph. (as per
report)
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Main public transport providers are MSRTC,BOT bus operator (Star Bus).

Poor public transportation system (less than 5% of the total trips).

Non-motorised modes walk and bicycle constitutes 58% of total trips.

Motorised transport is dominated by two wheelers (28%).

Predominant on-street parking and absence of off-street parking facilities.

Current Vehicle Ownership is 11.57 lakh in which 9.67 lakhs are two wheelers.
Poor mobility in some of the areas such as Itwari.

Absence of truck terminals as Nagpur is proposed as future Road Cargo hub.
Development of Multi-Modal Hub Airport in Nagpur (MIHAN) in 4354 hectares is
underway.

1.1.5.3 Some of the important findings of the L&T-Ramboll study are as follows :

Forecasted population of NMC by for 2021 and 2031 is 35.4 lakhs and 46.7 lakhs
respectively.

Forecasted Employment of NMC by for 2021 and 2031 is 12.4 lakhs and 16.8
lakhs respectively.

MIHAN is going to generate around 2.6 lakhs employment by 2015 (fully
operational) and 4.3 lakhs by 2031.

Total trips made by the residents of Nagpur in 2007 is 25.57 lakhs (without
intra-zonal) and expected to increase to 55 lakhs by 2031.

1.1.5.4 Transportation Improvement proposals (L&T-Ramboll study) are broadly
classified into three categories based on the time horizon:

Short Term Improvement Proposals (2008-2009)
Medium Term Improvement Proposals (2009-2021)
Phase-l (2009-2011)

Phase-Il (2012-2016)

Phase-Il (2017-2021)

Long Term Improvement Proposals (2022-2031

1.155 Some of the important proposals recommended by L&T-Ramboll
Consulting Engineers Limited are:

Improved bus system with a fleet comprising of Standard buses and Mini-buses.
Standard buses will serve the major corridors whereas mini-bus services act as a
feeder services and low demand corridors. In Short term (with in a year) fleet size
of 275 buses (225 Standard buses and 50 mini buses) needs to be deployed to
serve 2.5 lakhs passengers per day. In medium term (with 2 to 3 years) 500 buses
needs to be deployed to serve 5 lakh passengers/day.In long term say by 2016,
750 buses needs to be deployed to serve 7.5 lakhs passengers/day.Coverage
Area of Buses should be improved to 90% ( At present it is less than 40%).
Improved pedestrian facilities with min 2.5 m footpaths and FOBs/Subways.
Bicycle lanes on pilot basis on several wide roads.
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o Off-street parking facilities near important areas such as commercial areas, office
areas, special generators such as religious places etc on PPP model especially in
Sitabuldi, Sadar areas, transport terminals and at Ganeshpeth bus terminal.

e Construction of ROBs/RUBs/Bridges across rivers/flyovers.

e Development of Inner-Circle ring road and Alternative-north-South corridor to take
predominately north-south demand.

e Improvement of Radial Roads such as Wardha Road to 6-lane configuration from
existing 4-lane configuration by 2016.

¢ Inner Ring Road to be improved to 6-lane configuration with service road by 2016.

o OQuter ring road to be planned after 2016.It will be funded by State and Central
Governments.

e Construction of MRTS in phases 2012-16 and 2017-2021. It is envisaged 65 km
of MRTS and 20 km commuter rail by 2031.

o Development of truck terminals at four places on PPP basis at Inner /Outer Ring
Road.

e Creation of public transport infrastructure bus terminals/depots/bus procurement
etc.

e Environment friendly policies such as use of CNG, favourable policies for public
transport, more conducive environment for walking and bicycles.

o Development of Bus Terminals/Transport Terminals at Outer ring road.

e Additional BRTS/ MRTS Corridors in long term.

e Road Corridor parallel to Railway line to serve north-south traffic (feasibility to be
ascertained).

e Development of Commuter rail system from Nagpur city to Butibori on the similar
lines of Multi Modal Transport System (MMTS) in Hyderabad.

e ltwari Area redevelopment.

1.1.5.6 MRTS Corridors Proposed by L&T-Ramboll Consulting Engineers Limited

Several corridors of MRTS were studied and presented by L&T-Ramboll Consulting
Engineers Limited. in their report.

Four different MRTS options were considered. The description of each alignment was
presented in Chapter 4 of their report. Four different MRTS alignment options
considered are :

Alignment-1 : Pardi Naka to Dahegoan ( 24.54 km with 25 Stations). The alignment
option -1 starts at Pardi Naka and ends at Dahegaon. It passes through Central
Avenue road, Central railway station, Ganeshpet Bus stand, Medical Chowk,
Manewada Jn etc. (Fig :1.2)

Alignment-2 : Automotive Square to Dahegoan ( 23.94 km with 24 Stations) The
alignment option -2 is starts at Automotive Square and ends at Dahegaon. It

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 7/16



Chapter 1: Introduction

passes through Kamptee road, Itwari railway station, Central Avenue road,
Medical Chowk, Manewada Jn etc., (Fig :1.3)

Alignment-3 : Transport Plaza to Dahegoan predominantly on NH-7 ( 27.2 km with
26 Stations) The alignment option 3 starts at Automotive Square and ends at
Dahegaon. It passes through Indora, LIC Square, Kasthurichand Park, Central
railway station, Zero mile, Sitabuldi, NEERI, Chatrapathi Square, Manewada Jn etc.
(Fig :1.4)

Alignment-4 : Transport Plaza to Dahegoan partially on NH-7 ( 24.2 km with 24
Stations) The alignment option 4 starts at Transport Plaza and ends at Dahegaon.
This alignment option is combination of options 2 &3. It passes through
Mahendra Nagar, Indora, Gaddigodam, Central railway station, CBS1 Depot,
Medical Chowk, Manewada Jn etc.(Fig :1.5)

1.1.5.7 From the study done by L&T-Ramboll Consulting Engineers Limited : Ridership for four
MRTS alignments are worked out and presented in Table below. It can be observed
that Alignment -3 is giving highest ridership compared to other three options. The

ridership estimation for option 3 is 1.18 lakhs in 2011.
Table:1.3 Ridership Estimation for various Alignments

(Based on the study done by L&T-Ramboll Consulting Engineers Limited)

Year Alignment - 1 Alignment - 2 Alighment - 3 Alighment - 4
2011 118495 109993 177289 131347
2021 230652 196801 335348 218613
2031 325746 278849 468172 311738

1.1.6 ALIGNMENTS PROPOSED BY DMRC IN JULY-2013 DPR

In early 2012 Nagpur Improvement Trust (NIT) requested DMRC to provide Consultancy
services for preparation of a Detailed Project Report for Metro Rail System in Nagpur,
Maharashtra initially for 30 Km which was revised to 42 Km in July 2012. Thereatfter,
DMRC has conducted Traffic Surveys, Topographical Surveys, Geotechnical
Investigations and Environment Impact Assessment Survey.

Based on the different types of surveys done by DMRC, metro alignments has been
finalized after repeated inspection of the road network, intersections, passenger traffic

flow, traffic congestion, connectivity to important landuses.

Alignment of routes proposed by DMRC were as follows
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Table 1.4 Alignment Proposed by DMRC

Alignment Detail Route

Automotive Square, along Kamptee Road, Wardha Road,
Variety Square to Abhyankar Road, along Nag River
alignment will fall on Humpyard Road, Rahate Colony
Road, Wardha Road, Khamla Road, Airport, MIHAN Area
From Prajapati Nagar, along Central Avenue Road,
Railway Feeder Road, Munje Chowk, Jhansi Ranee
Chowk, North Ambajhari Road, Hingha Road, Lokmanya
Nagar

Alignment-1
North-South Corridor
(21.833 km, 17 Stations)

Alignment-2
East — West Corridor
(18.266 km, 19 Stations)

1.2 FINAL ALIGNMENT FOR NAGPUR METRO

On 03.08.2013, a meeting presided by Shri S K Lohia, JS-MoUD,Gol was held at
Nagpur to discuss the DPR. In that meeting, JS-MoUD,Gol expressed that the FIRR of
the project should be at least 8%. Recently, MoUD has also issued advisory that FIRR of
Metro Project should not be below 8%.

On 1.10.2013, a presentation on the DPR was made by M/s NIT to The Chief Minister,
Government of Maharashtra. He was of the opinion to avoid underground alignment in
MIHAN and also construct Maintenance Depot in the land belonging to State Govt Land.
Subsequently, on 21.10.2013, a joint inspection of the NS corridor was done by VC&MD-
MADC, Chairman-NIT, and Director Business Development-DMRC.

The original alignment of Corridor-l proposed was passing through Khamla Road, Airport
Area after Sahakar Nagar and finally was ending at MIHAN. The alignment up to Old
Airport Station was elevated, then for a length of 3.30 km, it was underground with one
underground station named as New Airport Station and again elevated in MIHAN Area.
Since the cost of underground section of the alignment is much more than the elevated
section or the section at grade, alternative alignment was suggested for cost reduction,
enhancement in PHPDT and to increase FIRR so that project becomes financially and
economically viable.

The new proposed alignment suggested in the above inspection, was to pass through a
24m wide road adjacent to London Street after Sehkar Nagar Junction and was
proposed to be taken to the east along 24m wide road and London Street up to Wardha
Road. From the intersection at Wardha road, the elevated alighment was proposed to be
on the central divider on the Wardha Road. After crossing existing intersection point of
Wardha Road & Airport Road, the alignment was to be shifted to the MIHAN area.
Alignment in this portion was proposed to be at grade and to run parallel to Wardha road
upto ROB and abuting railway line thereafter up-to proposed Car depot.
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@ Chapter 1: Introduction

But, while working on this modification of alignment, it was noticed that a very large
number of properties were falling along the alignment due to sharp curve at the junction
of Sahakar Nagar & 24 m wide road and also at the junction of 24m wide road & Wardha
Road. Acquiring of these properties will be very tough and may delay the whole project.

Hence to avoid all such situation, it has been decided to take the alignment on Wardha
Road only without going on Khamla Road.

Finally, NS Corridor will pass through Wardha Road after Congress Nagar Metro Station.
After crossing existing intersection point of Wardha Road & Airport Road, the alignment
will be shifted to the MIHAN area. Alignment in this portion will be at grade and will run
parallel to Wardha road upto ROB and parallel to railway line thereafter up-to proposed
Car depot. 14m wide stretch of land between the railway boundary line and the road
near proposed Container Depot of Container Corporation of India Ltd. will be affected by
this proposed alignment of the Metro Rail as the proposed alignment passes through this
stretch of land. 73 Ha land is available on the west side of railway line and south of
existing flyover near khapari station. Average width of this land is about 80m and is
about 1800m long. This MADC land may be utilized for Car Depot. Similarly, Depot of
EW Corridor has also been shifted to SRP Land near proposed Lokmanya Nagar Metro
Station.

This has caused deletion of few earlier proposed metro stations on NS Corridor and
addition of new stations on the same.

Final alignment for both the corridors is as below :

Table 1.5 FINAL ALIGNMENT

Alignment Detail Route

Automotive Square, along Kamptee Road, Wardha Road,
Alignment-1 Variety Square to Abhyankar Road, along Nag River
North-South Corridor alignment will fall on Humpyard Road, Rahate Colony
(19.658 km, 17 Stations) | Road, Wardha Road, Parallel to Railway Line, Khapri
Station and finally in MIHAN Area near concor depot
From Prajapati Nagar, along Central Avenue Road,
Railway Feeder Road, Munje Chowk, Jhansi Ranee
Chowk, North Ambajhari Road, Hingha Road, Lokmanya
Nagar

Alignment-2
East — West Corridor
(18.557 km, 19 Stations)

Index Plan of the Proposed Nagpur Metro Rail is put up at Fig. No. 1.1

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 10/16



S

1.3 THE STRUCTURE OF THE DETAILED PROJECT REPORT

Chapter 1: Introduction

The report contains the chapters as mentioned below :-

CHAPTER NO. DESCRIPTION
Chapter-1 Introduction
Chapter-2 Traffic Demand Forecast
Chapter-3 System Selection
Chapter-4 Geometric Designing Parameters & Alignment Description
Chapter-5 Civil Engineering
Chapter-6 Station Planning
Chapter-7 Train Operation Plan
Chapter-8 Rolling Stock
Chapter-9 Power Supply, System Of Traction And Power Tariff
Chapter-10 Maintenance Depot
Chapter-11 Signalling System
Chapter-12 Telecommunication & Automatic Fare Collection
Chapter-13 Disabled Friendly Features
Chapter-14 Environmental Impact Assessment
Chapter-15 Security Measures for a Metro System
Chapter-16 Disaster Management Plan for a Metro Rail System
Chapter-17 Multi Modal Transport Integration
Chapter-18 Cost Estimates
Chapter-19 Financing Options, Fare Structure And Financial Viability
Chapter-20 Economic Appraisal
Chapter-21 Implementation Strategy
Chapter-22 Conclusion
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Fig : 1.1

Chapter 1: Introduction

Index Plan of the Proposed Nagpur Metro Rail
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Fig :1.2

Chapter 1: Introduction

Alignment-1 of MRTS Corridors Proposed by L&T-Ramboll Consulting Engineers Limited
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Fig :1.3

Alignment-2 of MRTS Corridors Proposed by L&T-Ramboll Consulting Engineers Limited
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Fig :1.4

Alignment-3 of MRTS Corridors Proposed by L&T-Ramboll Consulting Engineers Limited
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Fig :1.5
Alignment-4 of MRTS Corridors Proposed by L&T-Ramboll Consulting Engineers Limited
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Chapter 2 — Traffic Demand Forecast

2.1

CHAPTER 2

TRAFFIC DEMAND FORECAST

INTRODUCTION:

Nagpur Improvement Trust [NIT] has entrusted the job of preparing Detail Project Report
(DPR) for Nagpur Metro Rail' to Delhi Metro Rail Corporation [DMRC]

Traffic Study and Ridership estimation are the first tasks in DPR which imply finalizing a
feasible alignment plan of the proposed metro network and then locating normal and
interchange metro stations (if any). After that, Ridership Estimation is done. Estimating
daily and peak hour boarding and alighting from each station, daily link load and PHPDT
link loads [all together is called Ridership Estimation] are estimated. These estimates are
primary inputs to other important estimates such as station design, train operation plan,
estimates of revenue collection, benefits of metro, rolling stock and many other
estimates including EIRR and FIRR.

Alignment is finalized after repeated inspection of the road network, intersections,
passenger traffic flow, traffic congestion, connectivity to important landuses. Wide roads

! The Nagpur Metro Rail project is announced by the state government of Maharashtra for the city with the expenses
of 4,400 Cr and 3,800 Cr Rupees for its two phases of 25 km (from Sitabuldi to MIHAN and Butibori via Airport) and 20
km (Sitabuldi to Automotive Square in Kamptee) respectively. Consultants Delhi Metro Railway Corporation (DMRC)
will study the alignment and submit a detailed project report.

The site inspection has already begun in March 2012 with the initiatives from Nagpur Improvement Trust [NIT]. The
Rs 10,000-crore project will be executed by a new company called Nagpur Metro Transport Co Ltd (NMTCL) formed
under the NIT. NMC, Maharashtra Airport Development Corporation (MADC) — that is currently developing the
MIHAN project — MIDC and CIDCO are the other participating organisations. (source:
http://en.wikipedia.org/wiki/Nagpur#citi_note#[64],[65].[66]
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are normally selected for alignment to avoid relocation, land purchase and demolition of
buildings. Sharp bends are avoided. Underground construction is considered only when
necessary space for elevated line is not available or such construction is prohibited in
the area.

Stations are located near large road intersections so that passenger from all direction
can access the station. In general, inter-station gap is kept between 0.5 to 1.5 km.
Engineering feasibility of the alignment is considered simultaneously.

In this particular (Nagpur) study, a few traffic and land use related physical surveys were
undertaken. These are (1) Traffic Volume Count (TVC) and Passenger Occupancy
Surveys (PCS) at mid block sections, screen lines and outer cordon points, (2) Bus and
Rail Mode passenger Terminal Survey and (3) Work Place Survey. Several important
output were derived which will be shown in subsequent paragraphs.

Secondary data which were collected include past and present population of Nagpur
Urban Agglomeration, word wise population of Nagpur City, Road and Rail Network
within Nagpur and Future Land Use Map of Nagpur. For verification purpose, Google
Earth website has been used.

Road Network and Landuse Map of Nagpur were geo coded and digitized layers were
created using TransCad Software.

POPULATION OF NAGPUR

As per provisional reports of Census India, population of Nagpur in 2011 is 2,405,421; of
which male and female are 1,226,610 and 1,178,811 respectively. The sex ratio of
Nagpur city is 961 per 1000 males. In education section, total literates in Nagpur city are
2,018,598 of which 1,060,359 are males while 958,239 are females. Average literacy
rate of Nagpur city is 93.13 percent of which male and female literacy was 96.16 and
89.99 percent. Total children (0-6) in Nagpur city are 237,865 as per figure from Census
India report on 2011. There were 123,851 boys while 114,014 are girls. Child sex ratio of
girls is 921 per 1000 boys. Nagpur city is governed by Municipal Corporation which
comes under Nagpur Urban Agglomeration. Although Nagpur city has population of
2,405,421, its urban / metropolitan population is 2,497,777 of which 1,275,750 are males
and 1,222,027 are females®.

Another positive outcome for Nagpur region is the Decadal Growth Rate of population. It
has come down from 23.74 in the last decade (1991-2001) to 14.39 in 2001-
2011.Nagpur region added the least number of people in its population in this decade
than any other®

2 http://www.census2011.co.in/census/city/353-nagpur.html
® hitp:/AMmww.mh-31.com/nagpur/about-nagpur/nagpur-general/496-population-census-

nagpur
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In 2001, the urban population was 2,129,500, and there were around 410,000
households in the city. 726,664 people lived in slums making Nagpur second-most slum-
populated city in Maharashtra after Mumbai. Scheduled Castes and Scheduled Tribes
accounted for around 50% of the population®.

Figure 2.1:
Zero Mile Nagpur, is the Geographical center of India

2.3 ECONOMY OF NAGPUR®

Nagpur has been the main center of commerce in the Vidarbha region since early days
and is an important trading location. However, Nagpur's economic importance had
gradually declined relative to Mumbai and Pune after the merging of Vidarbha into the
Maharashtra because of a period of neglect by the state government. During the
slowdown, state and central government offices were a major source of employment in
the city. Nagpur's economy is now recovering from past slowdowns and city has
attracted Rupees 5,000 crore in investment in 2004. The city is important for the banking
sector as it hosts the regional office of Reserve Bank of India, which was opened on
September 10, 1956. Sitabuldi market in central Nagpur, known as the Heart of the city,
is the major commercial market area of city.

The Butibori industrial area is the largest in all of Asia in terms of area. The estate's
largest unit is of Indo Rama Synthetics, which manufactures synthetic polyester yarn.
Other units in Butibori include the power transmission company KEC, Hyundai Unitech,
ACC Nihon Castings Ltd. Koradi Thermal Power Station and Khaparkheda Thermal

4 http://en.wikipedia.org/wiki/Nagpur
® http://nmc.org.in/economy.aspx
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Power Station are the two major thermal power stations located near Nagpur and
operated by MSPGCL.

The Hingna industrial estate located on the western fringes of the city is made up of
around 900 small and medium industrial units. The major ones among them are tractor
manufacturing plant of Mahindra and Mahindra, casting units of NECO Ltd. (the
country's largest casting group), units of International Combustion, Bajaj Auto group,
Candico (the SECOND largest confectionery manufacturing plant in India ), Ajanta
toothbrushes and Sanvijay Group (largest steel rolling group of companies for long
products in Central India). Nagpur is home to ice-cream manufacturer Dinshaws, Indian
dry food manufacturer Haldiram's and Ayurvedic product company Vicco.

CARGO HUB AND AIRPORT AT NAGPUR (MIHAN)

Nagpur is witnessing an economic boom as the "Multi-modal International Cargo Hub
and Airport at Nagpur (MIHAN)" is being developed. MIHAN will be used for handling
heavy cargo coming from south east Asia and the Middle East. The project will include
Indian rupee <10,000 crore (US$2.17 billion) Special Economic Zone (SEZ) for
Information Technology (IT) companies. Persistent Systems has one of the software
development centers at Nagpur.

MIHAN - Multi-modal International Cargo Hub and Airport at Nagpur is the biggest
economical development project currently underway in India in terms of investment.
MIHAN is spread over an area of 4354 Hectares. MIHAN is an Ideal business hub,
located in Nagpur, the geometrical centre of India and easily accessible to all the metro
cities of India as well as the world.

MIHAN Project consists of two parts namely International airport to act as a cargo hub
and a Special Economic Zone SEZ with residential zone covering a total area of 40.25
sg. km on the southern end of Nagpur. Maharashtra Government formed a special
purpose entity in the name of Maharashtra Airport Development Company (MADC)
for development of MIHAN. The project is financed by multiple Indian banks with total
loan amount of INR 3,000 million along with investment from state government and
Airports Authority of India. With a projected target of serving 14 million passengers and
handle 0.87 million tones of cargo this is one of largest aviation project in India. The
estimated capital cost of the project is INR 2581 crores (by year 2035) and is supposed
to generate revenues INR 5280 crores (Nagpur).

A new Nagpur SEZ of 2086 hectares, largest multi-product SEZ in India, would be built
along side the airport. Out of 2086 hectares, 1472 hectares would be used by various
processing units to be set-up and remaining 614 hectares for service sector unit. Like all
SEZs it will have financial incentives and soft taxation policy to attract investment. The
initial set-up material for these units and later raw material will be duty-free.
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www.MH-31.com

Figure2.2:
Buildings under construction MIHAN

www.MH-31.com

Figure2.3: MIHAN Administrative Office
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2.5 TRAFFIC VOLUME COUNT (TVC) AND PASSENGER OCCUPANCY SURVEYS
(OCS)

To understand traffic characteristics in terms of vehicular, passenger and PCU, 40 traffic count
stations were identified, some of which are mid block sections, some locations were fixed as
screen line points and some were as outer cordon points®. In table 2.1, total traffic flow for all 40
locations and for both direction in terms of PCU is given. In table 2.2, a grouped vehicular traffic
volume of fast, slow (NMT) and goods vehicles for all 40 locations is given. Nagpur being
located at a central position, many inter-city and inter-state bus routes pass, so separate
columns are given for such trips (external buses). In figure 2.4, TVC locations are shown.

o
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* Figure 2.4 TVC points in Nagpur

Table 2.1
Direction wise PCU Traffic details at- Nagpur
Peak
Traffic PEAK Hour
Loc.No. Loc. Name Direction PCU PCUs (%)
Wireless land hingna Nagpur to o
1 road E-W Hingna 9,480 685 8.95%
Wireless land hingna Hingna to o
1 road W-E | Nagpur 9233 | 038 | 8:63%
2 Ambajheri Tank North E-W Nagpur to 8,866 717 9.36%

® Location type split is given in Appendix
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Peak
Traffic PEAK Hour
Loc.No. Loc. Name Direction PCU PCUs (%)
Hingna
2 | Ambajheri Tank North | W-E E:g;l?r ° goo4 | (40 | 10.66%
3 CA road near Rly stn E-W Elzggﬂ?ra e 14,440 1,074 8.10%
3 CA_ road near Rly stn W-E gﬁgﬁg;g 13,889 1,052 8.12%
4 ?;J!abaxa Road Centra EW | AjnitoWardha | 13,496 | 1161 | 10.01%
4 ?;Jlabaxa Road Cer_]tral W-E | wardh to ajni 14560 | 1342 | 11.22%
s | rond e Ew | amiavati 12,424 | 1356 | 12.77%
5 |rosd " lwe |nagmr | 11ese | 001 | 9.92%
6 | sunhashrd mibraection | NS | waetha 13060 | 1188 | 9.07%
6 Suhbegaiﬁe}% i_n?eerirection S-N \év:g;?):? ° 11,848 1,281 11.42%
7 ?i?ast?:lc;ioad o EW | sero :ﬂleeth ° 13566 | 1384 | 12.60%
) (Ao [emel | g | 2 | 1020
8 Bus stand — Wardha road | N-S rznel:%?;@e o 16,074 1,363 9.99%
8 Bus stand — Wardha road | S-N m.lfg] paitozero 14,916 1,468 10.49%
9 -FFZS;”@TA”;? e N-S \g:ht:raj:bagh 59220 | %6 | 9.79%
9 'Fre:;:)nrgri/lnaarg] Han SN \r;lzharajbagh © 7080 | 764 | 1201%
10 Heli pad — Wardha road N-S delhi to zero mile | 18,582 1,409 9.78%
10 Heli pad — Wardha road S-N zero mile to delhi | 17,648 1,465 10.06%
et 2;%23;:? 9614 | 890 | 12.39%
" %Igdsecretarlat — Palm W.E i?grg:j?tl to 6.977 570 9.83%
12 rl\gzléardhokda - et E-W nagpur to katol 8,053 566 8.91%
12 rl\gzléardhokda - et W-E katol to nagpur 7,187 592 9.02%
12 :(ozséurchand park — palm S nmaLgnpq)E;?st to 6,356 245 9.49%
13 :E)ﬁumhand parke = paim S-N nm;gnggflstto 8,998 920 10.93%
14 Holy cross — Road along | E-W | nagpur sttovca | 11,874 970 9.44%
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Peak
Traffic PEAK Hour
Loc.No. Loc. Name Direction PCU PCUs (%)
Kastur park
14 Egzlfrrgik_ road along W-E | vcatonagpurst | 12,062 874 8.63%
15 f\iﬂf;fggt\/v:gzoll?;ad e N-S delhi to nagpur 17,283 1,157 8.60%
15 l(\:/lzllrj]r?tw moad X ané S-N | nagpurtodehi | 15525 | 1207 | 9-58%
16 SE;]VO;anra o Raj_ N-S delhi to nagpur 11,509 940 9.69%
16 gﬂglvo;vxara road Rl S-N nagpur to delhi 13,259 1,156 | 10.09%
17 (Nz-it’ril:dF\e/\I/)z;rsatnK;mptee road | N-S Ezgﬁj?e ° 13,164 | 1215 | 9.61%
17 (Nz-ifl:dF\e/\I/)z;rsatnK;mptee road | S-N E:g%:géo 13,794 | 2015 | 1444%
| Coosrad— o o,
18 qunﬂ?nopcjr;oad ) W-E | bhandara 6203 | 404 | 9.32%
19 Indora — Kamptee road E-W Engg)J?e e 16,733 1,153 8.68%
19 Indora — Kamptee road W-E E:gm%l:;éo 15,604 1,035 7.68%
20 i\fﬁﬁgﬁy&%&”dfr E-W EZSBS?ra ¢ 13,084 | 1032 | 8.88%
20| SociotyCARoad | W-E | bhandera 106 | 1004 | 7.88%
o ) P I G R Peny e
21 Eﬁféeaﬂeprzecfg&” TR e | e 11512 | 946 | 872%
o | oenerbagar—West | Tpanaerne " o | 1o
22 é]gmzh;r; e T WE | e 11,657 | 228 | 9.60%
- é}él;o(llollege - UMRED EW | urmred to nagour | 9,030 208 6 06%%
23 é)é:o(l:o”_ege ) UMRED W-E | nagpur toumred | 7,867 95 10.45%
24 ggr;(\j/varfpeth ) Rfdge E-W | umred to ajni 11,741 e 9.51%
24 ggggvarlpeth ) Rldge. _ W-E | ajni to umred 13,838 | 1,068 | 11.06%
- Sg!‘v&/ay quarters — Ajni EW | unredto sin 17 450 1209 | 10.99%
25 Railway quarters — Ajni W-E ajni to umred 15,141 1,152 | 10.27%
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Peak
Traffic PEAK Hour
Loc.No. Loc. Name Direction PCU PCUs (%)
Road
Rahatey colony — Wardha nagpur to 0
26 | Road N-S | wardha 14441 | 1284 | 9.79%
Rahatey colony — Wardha wardha to 0
26 | Road S-N | nagpur 14878 | 1397 | 10.26%
Near SBI ATM — North 0
27 Ambajheri Road E-W nagpur to hingna | 13,913 1,058 10.34%
Near SBI ATM — North 0
27 Ambajheri Road W-E hingna to nagpur | 14,893 984 9.56%
Gorepath — AMRAVATI nagpur to 0
28 | road E-W | amravat 14383 | LTS | 8.42%
Gorepath — AMRAVATI amravati to 0 0.00%
28 road W-E nagpur 14,509
Hindustan colony — nagpur to 0
29 Amravati road E-W amravati 8,909 759 9.18%
Hindustan colony — amravati to 0
29 Amravati road W-E nagpur 8,211 673 9.05%
PWD quarters — Katol 0
30 road E-W nagpur to katol 9,345 21 8.44%
PWD quarters — Katol 0
30 road W-E katol to nagpur 10,668 821 9.65%
Mental Hospital — 0
31 Chindwara road N-S delhi to nagpur 8,995 695 9.06%
Mental Hospital — 0
31 Chindwara road S-N nagpur to delhi 11,529 1,098 10.76%
Mankapur — Chindwara 0
32 road N-S delhi to nagpur 7,387 603 9.07%
Mankapur — Chindwara 0
32 road S-N nagpur to delhi 8,846 734 9.62%
Before intersection kamptee to 0
33 between Kamptee Road | E-W | nagpur 16,251 1,803 9.87%
Before intersection nagpur to 0
33 between Kamptee Road | W-E kamptee 12,493 1,491 1 10.29%
Deshpandey Garden — bhandara to 0
34 | CAroad E-W | nagpur 10790 | 709 | 82%
Deshpandey Garden — nagpur to 0
34 | CAroad W-E | bhandara 9725 | 85 | 984%
35 | Tazbagh —Umred Road | E-W | umred to nagpur | 7,199 603 8.75%
35 Tazbagh — Umred Road | W-E | nagpur to umred | 6,886 627 8.83%
Vivekanandnagar — nagpur to 0
36 Wardha road N-S wardha 19,124 1,491 9.82%
Vivekanandnagar — wardha to 0
36 Wardha road S-N nagpur 17,938 1,553 10.83%
Aerodram — Wardha nagpur to 0
37 | Road N-S | wardha 13,716 | 1262 | 1084%
37 Aerodram — Wardha S-N wardha to 12,393 1,062 8.50%
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Peak
Traffic PEAK Hour
Loc.No. Loc. Name Direction PCU PCUs (%)
Road nagpur
Vivekananad Nagar- 0
38 Khamla Road N-S nagpur to hingna | 7,258 564 10.63%
Vivekananad Nagar- 0
38 Khamla Road S-N hingna to nagpur | 7,076 504 9.58%
39 Untkhana- Nag Road E-W ajni to bhandara 9,953 1,203 10.75%
39 Untkhana- Nag Road W-E | bhandara to ajni 8,773 698 8.59%
Raisoni College-Hingna Nagpur to
40 Road E-W Hingna 10,347 676 8.40%
Raisoni College-Hingna Hingna to
40 | Road W-E | Nagpur 9535 | /19 | 987%
Table 2.2
Vehicular Traffic details at 40 different locations - Nagpur
FAST+SLOW | FAST+sLow | FAST FAST
TVC Loc L e R I S P
. DIRECTION WITH WITHOUT
ation No EXTERNAL EXTERNAL WITH WITHOUT | VEHICLE
BUSES BUSES EXTERNAL | EXTERNAL
BUSES BUSES
WIRELESS
1 LAND-HINGNA 15,521 13,889 14867 | 14,220 | 647
ROAD
AMBAZHARI
2 TANK NORTH 14,233 13,398 13940 12,545 | 1,395
CA ROAD NEAR
3 RLY SATION 24,654 22,648 23971 22,147 1,824
C ZAIL
4 RAJABAXA 25,461 23,816 24936 | 23,403 | 1,533
ROAD
WIRELESS -
5 AMRAVATI 22,523 22,049 19858 | 18,848 | 1,010
ROAD
GHAT ROAD
NEAR SUBHASH
6 ROAD 21,840 20,455 20909 18,937 | 1,972
INTERSECTION
ANSARI ROAD -
7 NEAR SITA 26,531 24,828 26166 | 24,669 | 1,497
BULDI
BUS STAND-
8 WARDHA ROAD 27,831 25,825 27540 25,367 2,173
RAVINDRANATH
9 TAGORE MARG 11,051 9,153 10763 10,348 415
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FAST+SLOW | FAST+SLOW I\I;gSDTE I\I;gSD-II-E
TRAFFIC TRAFFIC
TYC Loc DIRECTION WITH WITHOUT TRAFFIC TRAFFIC GOODS
ation No EXTERNAL EXTERNAL WITH WITHOUT | VEHICLE
EXTERNAL | EXTERNAL
BUSES BUSES BUSES BUSES
HELIPAD-
10 | oap | 31498 | 29279 | 30745 | 27,878 | 2,867
OLD
11 | SECRETARIAT- | 14,532 13600 | 14105 | 13778 | 327
PALM ROAD
MAKARDHOKDA-
12 | RRSRONOS 12,772 11,781 | 12331 | 11539 | 792
KASTUR CHAND
13 | PARK-PALM 12090 | 10929 | 11786 | 11325 | 461
ROAD
HOLY CROSS
14 | ROAD-ALONG 20,794 | 18290 | 20429 | 19.879 | 550
KASTUR PARK
CHINDWARA
15 | AND MOUNT 20006 | 27782 | 29544 | 27705 | 1,839
ROAD X
CHINDWARA
16 | ROAD 20,936 18,728 | 20534 | 19154 | 1,380
RAJBHAWAN
NEAR RLY STN-
17 | GURDWARA 21,733 19390 | 20747 | 18353 | 2,394
KAMPTEE ROAD
CRADDOCK
18 | ROAD- 8531 8426 8519 8493 26
MOMINPURA
INDORA-
19 | s | 27411 | 25408 | 26132 | 25180 | 952
ADARSH VIDYA
MANDIR
20 | woNOR 22538 | 21324 | 21536 | 20822 | 714
ROAD
INTERSECTION
21 | OF CAROAD 17,336 16,688 | 16604 | 15858 | 746
AND FACTORY
JAWAHAR
NAGAR-WEST
22 | Lo 18,489 17,6908 | 17740 | 16708 | 1,032
ROAD
AYU COLLEGE-
23 | V0 COLLESE 14,146 12995 | 13458 | 12505 | 953
24 | SOMWARIPETH-| 51 g5 20,893 | 21606 | 21,166 | 440

RIDGE ROAD
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FAST+SLOW | FAST+SLOW ,\';'SSDTE ,\';'SSDTE
TVCLoc | oty Tmiﬁ'c VT/FIQTﬁFgL'% TRAFFIC | TRAFFIC | GOODS
ation No et | et | WITH | WITHOUT | VEHICLE
EXTERNAL | EXTERNAL
BUSES BUSES o s
RAILWAY
25  |QUATERS-AINI | 28,083 | 27,236 | 27559 | 27,074 | 485
ROAD
RAHATEY
26 | COLONY- 27260 | 23,019 | 26561 | 25688 | 873
WARDHA ROAD
NEAR SBIATM-
NORTH
27 AMBAJHERI 25,739 24,753 25624 24,734 890
ROAD
GOREPATH-
28 | AMRAVATHI 25455 | 22275 | 25008 | 23,743 | 1,265
ROAD
HINDUSTAN
COLONY-
29 AMRAVATHI 14,124 12,173 13530 12,645 885
ROAD
PWD QUATERS-
30 KATOLROAD 17,050 15,555 16539 15,387 1,152
MENTAL
HOSPITAL-
31 CHINDWARA 18,007 17,075 17623 16,720 903
ROAD
MANKAPUR-
32 |cHHNDWARA | 13968 | 13,034 | 13320 | 12423 | 897
ROAD
BEFORE
INTERSECTION
33 BETWEEN 23,210 20,797 19897 17,394 2,503
KAMPTEE ROAD
DESHPANDEY
34 | GARDEN-CA 15089 | 12,634 | 14064 | 13513 | 551
ROAD
TAZBAGH-
35 UMRED ROAD 10,820 10,176 10244 9,199 1,045
VIVEKANAND
3% | NAGAR- 34778 | 32478 | 33875 | 32,066 | 1,809
WARDHA ROAD
AERODRAM-
37 WARDHA ROAD 24,603 22,466 22663 20,753 1,910
VIVEKANAND
38 |NAGARKHAMLA | 11344 | 10,720 | 10957 | 10920 | 37

ROAD
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FAST+SLOW | FAST+sLow | FAST FAST
TVC Loc UiRpAAS URAAHIS TIEQAEFDFFTC TIEQAEFDFFTC GOODS
. DIRECTION WITH WITHOUT
ation No et | et | WITH | WITHOUT | VEHICLE
B L ae'" | EXTERNAL | EXTERNAL
BUSES BUSES
UNTKHANA NAG
39 ROAD 14,776 13,557 14003 12,077 1,926
HINGNA ROAD
40 ROISONI 16,732 15,057 16197 15,669 528
COLLEGE

In table 2.3 passengers traveled on fast modes, passenger vehicle flow and number of
vehicles per passenger is given.

Table 2.3:
Fast Mode Passenger details at 40 different locations - Nagpur
FAST MODE FAST MODE
e PASSENGER VEHICULAR
Location DIRECTION TRAFFIC TRAFFIC VEHICLE /
No WITH WITH PASSENGER
EXTERNAL EXTERNAL
BUSES BUSES
WIRELESS LAND-HINGNA
1 ROAD 93847 14867 0.158
2 AMBAZHARI TANK NORTH 59016 13940 0.236
3 CA ROAD NEAR RLY SATION 127135 23971 0.189
4 C ZAIL RAJABAXA ROAD 117720 24936 0.212
5 WIRELESS -AMRAVATI ROAD 61180 19858 0.325
GHAT ROAD NEAR SUBHASH
6 ROAD INTERSECTION 93156 20909 0.224
ANSARI ROAD - NEAR SITA
7 S © S 117908 26166 0.222
BULDI
8 BUS STAND- WARDHA ROAD 148996 27540 0.185
RAVINDRANATH TAGORE
9 MARG 98211 10763 0.110
10 HELIPAD-WARDHA ROAD 139631 30745 0.220
OLD SECRETARIAT-PALM
11 ROAD 66980 14105 0.211
12 MAKARDHOKDA-KATOL ROAD 65403 12331 0.189
KASTUR CHAND PARK-PALM
13 ROAD 78044 11786 0.151
HOLY CROSS ROAD-ALONG
14 KASTUR PARK 152690 20429 0.134
CHINDWARA AND MOUNT
15 ROAD X 141858 29544 0.208
16 CHINDWARA ROAD 136751 20534 0.150
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FAST MODE | FAST MODE
e PASSENGER | VEHICULAR
: TRAFFIC TRAFFIC VEHICLE /
Locl\la;'on RIRESIION WITH WITH PASSENGER
EXTERNAL | EXTERNAL
BUSES BUSES

RAJBHAWAN
NEAR RLY STN-GURDWARA

17 | e Ter ROAD 135365 20747 0.153
CRADDOCK ROAD-

18 | e 20387 8519 0.418

19 | INDORA-KAMPTEE ROAD 145305 26132 0.180
ADARSH VIDYA MANDIR

20 | el e mOAD 107116 21536 0.201
INTERSECTION OF CA ROAD

21 | e racromy 67343 16604 0.247
JAWAHAR NAGAR-WEST

22 | oD 61951 17740 0.286

23 | AYU COLLEGE-UMRED ROAD 73596 13458 0.183

24 | SOMWARI PETH-RIDGE ROAD 78767 21606 0.274
RAILWAY QUATERS-AINI

25 | 83026 27559 0.332
RAHATEY COLONY-WARDHA

26 coLo 234228 26561 0.113
ROAD
NEAR SBIATM-NORTH

2B o niialived 87531 25624 0.293

28 | GOREPATH-AMRAVATHI ROAD 191285 25008 0.131
HINDUSTAN COLONY-

29 | A THIROAD 112589 13530 0.120

30 | PWD QUATERS-KATOLROAD 96692 16539 0171
MENTAL HOSPITAL-

31 | INOWARA ROAD 84956 17623 0.207
MANKAPUR-CHHINDWARA

32 | e 67447 13320 0.197
BEFORE INTERSECTION

33 | BETWEEN KAMPTEE ROAD 136760 19897 0.145

34 | DESHPANDEY GARDEN-CA 126243 14064 0.111
ROAD

35 | TAZBAGH-UMRED ROAD 50216 10244 0.204
VIVEKANAND NAGAR-WARDHA

36 G 157681 33875 0.215
ROAD

37 | AERODRANM-WARDHA ROAD 120926 22663 0.187
VIVEKANAND NAGAR-KHAMLA

3B | ponp 50103 10957 0.219

39 | UNTKHANA NAG ROAD 76822 14003 0.182

20 | HINGNA ROAD ROISONI 97985 16197 0.165
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FAST MODE FAST MODE
PASSENGER VEHICULAR
Loz\ggon DIRECTION TRAFFIC TRAFFIC VEHICLE /
WITH WITH PASSENGER
Ne EXTERNAL EXTERNAL
BUSES BUSES
COLLEGE

In table 2.4 peak hour details of Vehicular, Passenger and PCU are shown.

Table 2.4
PEAK HOUR details at 40 different locations - Nagpur
TVC
Location DIRECTION VEH PASS PCU
No
1 WIRELESS LAND-HINGNA ROAD 8.89% 9.07% 8.32%
2 AMBAZHARI TANK NORTH 11.35% 0.00% 9.34%
3 CA ROAD NEAR RLY SATION 8.58% 9.86% 7.71%
4 C ZAIL RAJABAXA ROAD 9.48% 9.86% 9.40%
5 WIRELESS -AMRAVATI ROAD 11.27% 8.43% 10.10%
GHAT ROAD NEAR SUBHASH
6 ROAD INTERSECTION 8.81% 10.52% 8.87%
ANSARI ROAD - NEAR SITA
7 BULDI 11.00% 9.05% 9.36%
8 BUS STAND- WARDHA ROAD 9.43% 8.95% 9.30%
9 RAVINDRANATH TAGORE MARG 10.97% 9.22% 10.99%
10 HELIPAD-WARDHA ROAD 9.35% 9.45% 9.39%
11 OLD SECRETARIAT-PALM ROAD 11.10% | 11.40% | 10.12%
12 MAKARDHOKDA-KATOL ROAD 8.48% 9.30% 8.19%
KASTUR CHAND PARK-PALM
13 ROAD 8.79% 8.85% 9.08%
HOLY CROSS ROAD-ALONG
14 KASTUR PARK 9.29% 9.82% 9.03%
CHINDWARA AND MOUNT ROAD
15 X 9.03% 9.17% 8.34%
16 CHINDWARA ROAD RAJBHAWAN 9.07% 9.97% 8.97%
NEAR RLY STN-GURDWARA
17 KAMPTEE ROAD 11.51% | 12.35% | 12.14%
18 CRADDOCK ROAD-MOMINPURA 8.56% 10.69% 8.71%
19 INDORA-KAMPTEE ROAD 8.31% 9.50% 7.91%
ADARSH VIDYA MANDIR
20 SOCIETY-CA ROAD 7.78% 9.84% 7.71%
21 INTERSECTION OF CA ROAD 8.81% 10.54% 9.22%
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TVC
Location DIRECTION VEH PASS PCU
No
AND FACTORY
JAWAHAR NAGAR-WEST
22 BOUNDARY ROAD 9.11% 8.76% | 10.05%
23 AYU COLLEGE-UMRED ROAD 9.11% 8.70% 8.79%
24 SOMWARI PETH-RIDGE ROAD 10.03% | 10.66% | 9.31%
25 RAILWAY QUATERS-AJNI ROAD 10.75% | 10.40% | 9.76%
RAHATEY COLONY-WARDHA
26 ROAD 9.11% 9.46% 9.06%
NEAR SBI ATM-NORTH
27 AMBAJHERI ROAD 9.59% 10.81% | 9.29%
28 GOREPATH-AMRAVATHI ROAD 8.12% 10.53% | 8.07%
HINDUSTAN COLONY-
29 AMRAVATHI ROAD 9.63% 10.79% | 8.94%
30 PWD QUATERS-KATOLROAD 8.46% 8.51% 8.23%
MENTAL HOSPITAL-CHINDWARA
31 ROAD 9.23% 7.80% 8.72%
MANKAPUR-CHHINDWARA
32 ROAD 7.75% 8.42% 7.92%
BEFORE INTERSECTION
33 BETWEEN KAMPTEE ROAD 9.96% 9.24% | 10.42%
DESHPANDEY GARDEN- CA
34 ROAD 9.37% 7.89% 8.79%
35 TAZBAGH-UMRED ROAD 7.87% 9.99% 8.15%
VIVEKANAND NAGAR-WARDHA
36 ROAD 10.08% 8.84% 9.67%
37 AERODRAM-WARDHA ROAD 9.97% 10.05% | 9.41%
VIVEKANAND NAGAR-KHAMLA
38 ROAD 10.23% 9.61% | 10.11%
39 UNTKHANA NAG ROAD 8.95% 8.44% 9.16%
HINGNA ROAD ROISONI
40 COLLEGE 8.77% 8.73% 8.48%

Through Nagpur, Delhi to Hyderabad National Highway has passed in North South direction,
and Kolkata to Mumbai National Highway has passed in East-West direction and for that reason
lot of goods traffic pass through Nagpur. In tables 2.5A and 2.5B Traffic Flow in PCU on
NORTH-SOUTH and EAST-WEST direction are given. Corresponding bar diagrams are shown
in figures 2.5 and 2.6.
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Table 2.5A
Traffic Flow in PCU on NORTH--->SOUTH direction
FAST+SLOW | FAST+SLOW I\';/SSDTE ,\';'SSDTE
TVC | Name of URAAAE TRAFFIC | rpAFFIC | TRAFFIC | GOODS-
Location | Locations EX'\II'VEHF-QI—NlAL e/)v(!;.r:F?NUATL WITH WITHOUT | VEHICLES-
T e~ | EXTERNAL | EXTERNAL
BUSES BUSES

MANKAPUR-

CHHINDWARA 13792 11457 13458 10593 2865
32 | ROAD

MENTAL

HOSPITAL-

CHINDWARA 17159 14829 16905 13802 3104
31 | ROAD

CHINDWARA

ROAD 22861 17341 22667 17999 4668
16 | RAJBHAWAN

CHINDWARA

AND MOUNT 27628 22093 27363 21748 5616
15 | ROAD X

HELIPAD-

WARDHA 30571 25024 30203 20995 9209
10 | ROAD

BUS STAND-

WARDHA 28991 23976 28770 22305 6465
8 ROAD

RAHATEY

COLONY-

WARDHA 31183 20558 30787 28180 2607
26 | ROAD

VIVEKANAND

NAGAR-

WARDHA 31665 25915 31050 24785 6265
36 | ROAD

AERODRAM-

WARDHA 24606 19263 23230 16701 6529
37 | ROAD
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m WITH EXT BUS FAST MODE  m WITHOUT EXT BUS FAST MODE = GOODS

35000

30000

25000
20000
15000
10000 -
5000 - —
0 - . . . . . . . .
1 2 3 4 5 6 7 8 9

Figure 2.5 North-South Directional Flow (PCU)
(On Horizontal axis 1 stands for location 32 and 9 stands for location 37 as given in table 2.4)

TABLE 2.5B
Traffic Flow in PCU on EAST--->WEST direction
FAST FAST
msov|menaan| i |
Location NSO WITH WITHOUT | TRAFFIC | TRAFFIC | GOODS-
id LoCalDhE EXTERNAL | EXTERNAL Ex¥g2mAL g¥¥ggﬁ£i VEHICLES-
BUSES BUSES
BUSES BUSES
DESHPANDEY
34 GARDEN- CA 16279 10142 15757 13908 1849
ROAD
INTERSECTION
21 OF CA ROAD 15453 13833 14990 12650 2340
AND FACTORY
ADARSH
VIDYA MANDIR
20 SOCIETY-CA 21231 18196 20586 18315 2271
ROAD
CA ROAD
3 NEAR RLY 24568 19553 24176 19086 5090
SATION
HELIPAD-
10 WARDHA 30571 25024 30203 20995 9209
ROAD
ANSAR| ROAD
7 - NEAR SITA 24919 20662 24699 19466 5234
BULDI
WIRELESS -
5 AMRAVAT] 17837 16652 16596 13238 3358
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ROAD

SOMWARI

24 PETH-RIDGE 16040 13310 15864 14467 1397
ROAD

AMBAZHARI

2 TANK NORTH 14581 12493 14406 9834 4573

WIRELESS

1 LAND-HINGNA 14843 10763 14498 12500 1998
ROAD

40 COLLEGE 15427 11240 15140 13493 1647

m WITH EXT BUS FAST MODE  m WITHOUT EXT BUS FAST MODE = GOODS

35000

30000

25000

20000

15000 -

10000 -

5000 -

0 4

1 2 3 4 5 6 7 8 9 10 11
Figure 2.6 East-West Directional Flow (PCU)

(On Horizontal axis 1 stands for location 34 and 11 stands for location 40 as given in table 2.5)

Finally passenger traffic flow observed on all 40 locations is shown in figure 2.7. Highest counts
are observed at Wardha Road Rahte Colony (Loc 26), Amravati Road (Loc 28);

250000

200000

150000

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Figure 2.7 Passenger flow at different locations in Nagpur (16 hrs VC).
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2.6 Mode Share and Modal Split within Nagpur City

2.6.1 Mode Share

In figure 2.8, average mode share observed on roads in terms of Vehicle, Passenger
and PCU are shown. If external passenger is included, public mode share is high.
However, if external trips are excluded different scenario will emerge.

70%
60% m \Vehicle%
20% - m PCU%
40% - X
30% - Passenger
20% - %
10% -
0% - |J |J i ——
5 T £ 2 89 > > @9 > o =z
s &£ 8§ a2 a3 3 32 & &8
c 2 = 8 B8 = = = L
= 8 < 8 &8 = ® O
o S - =2 e~ o
o = >
E s < L
> n ™ S
< o o
Mode Type

Figure 2.8 Overall Mode Share observed on Roads

In table 2.6, mode share of passenger trips observed on all 40 points are given.
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Table 2.6: Passenger Modal Split on the Roads
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Locne:)tlon 2 A_uto Local | External Cycle
Wheeler | Rickshaw All Cars | Bus Bus Cycle Rickshaw PUBLIC PRIVATE NMT
1 11.6% 6.9% 9.6% | 20% | 69.0% 0.5% 0.2% 78.0% 212% | 0.8%
2 17.5% 9.8% | 142% | 1.7%| 56.3% 0.3% 0.2% 67.7% 31.7% | 0.6%
3 12.4% 135% | 10.1% | 0.6% | 62.7% 0.4% 0.2% 76.9% 225% | 0.6%
4 16.1% 6.4% | 159% | 54%| 55.6% 0.3% 0.2% 67.5% 32.0% | 0.5%
5 26.2% 9.9% | 21.7% | 8.1%| 29.6% 3.7% 0.7% 47.7% 48.0% | 4.4%
6 16.8% 10.7% | 11.0% | 1.6% | 58.8% 0.6% 0.6% 71.1% 27.7% | 1.2%
7 17.1% 104% | 135% | 1.1% | 57.6% 0.2% 0.2% 69.0% 306% | 0.4%
8 11.3% 15.1% 9.4% | 10.3% | 53.7% 0.1% 0.2% 79.1% 20.7% | 0.3%
9 5.4% 7.3% 9.8% | 0.1% | 77.0% 0.1% 0.3% 84.4% 152% | 0.4%
10 19.2% 5.9% 6.7% | 45% | 63.2% 0.5% 0.1% 73.5% 259% | 0.6%
11 16.4% 85% | 159% | 3.2%| 55.3% 0.5% 0.2% 67.0% 323% | 0.7%
12 13.1% 7.3% | 152% | 3.6% | 60.1% 0.5% 0.3% 71.0% 28.3% | 0.8%
13 8.2% 14.0% 9.6% | 85% | 59.3% 0.3% 0.1% 81.8% 17.8% | 0.4%
14 7.1% 9.8% | 11.9% | 55%| 654% 0.2% 0.0% 80.8% 189% | 0.3%
15 17.1% 8.9% 88% | 27%| 62.2% 0.2% 0.1% 73.7% 25.9% | 0.4%
16 8.9% 87% | 113% | 6.5%| 64.4% 0.3% 0.1% 79.5% 202% | 0.3%
17 7.6% 10.6% | 119% | 0.4% | 68.6% 0.3% 0.6% 79.6% 195% | 0.9%
18 40.5% 29.4% 77% | 18% | 20.6% 0.0% 0.0% 51.7% 482% | 0.1%
19 13.5% 8.6% 9.6% | 12.7% | 54.6% 0.8% 0.2% 75.9% 23.1% | 0.9%
20 10.9% 173% | 187% | 7.2% | 44.8% 0.5% 0.6% 69.3% 296% | 1.1%
21 16.6% 172% | 17.6% | 9.3% | 38.0% 0.7% 0.6% 64.5% 342% | 1.3%
22 25.6% 11.0% | 10.3% | 1.3% | 50.3% 0.5% 1.0% 62.6% 359% | 1.5%
23 11.9% 109% | 121% | 21% | 61.9% 0.6% 0.5% 74.9% 240% | 1.1%
24 27.4% 7.0% 9.4% | 05% | 55.2% 0.4% 0.1% 62.7% 36.8% | 0.5%
25 32.4% 103% | 14.1% | 19% | 40.5% 0.3% 0.4% 52.8% 46.5% | 0.8%
26 4.3% 45% | 184% | 02%| 72.3% 0.2% 0.1% 77.0% 22.7% | 0.3%
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Locne:)tlon 2 Auto Local | External Cycle
Wheeler | Rickshaw All Cars | Bus Bus Cycle Rickshaw PUBLIC PRIVATE NMT
27 26.3% 10.4% | 158% | 24% | 45.0% 0.1% 0.1% 57.8% 420% | 0.2%
28 5.6% 58% | 18.7% | 33%| 66.3% 0.2% 0.1% 75.4% 243% | 0.3%
29 6.2% 7.7% 88% | 7.8% | 68.9% 0.4% 0.1% 84.4% 15.0% | 0.6%
30 11.4% 9.7% | 10.0% | 6.8%| 61.4% 0.2% 0.5% 77.9% 214% | 0.7%
31 14.2% 11.9% | 14.0% | 15.7% | 43.6% 0.3% 0.3% 71.2% 282% | 0.5%
32 12.6% 88% | 18.0% | 4.7%| 54.8% 0.8% 0.3% 68.3% 30.6% | 1.0%
33 8.4% 6.4% 88% | 50% | 68.4% 0.9% 2.2% 79.8% 172% | 3.1%
34 6.9% 4.0% 87% | 24% | 77.1% 0.7% 0.2% 83.5% 15.6% | 0.9%
35 11.5% 11.3% | 18.1% | 7.1% | 50.6% 0.7% 0.7% 69.0% 29.6% | 1.4%
36 17.9% 50% | 133% | 51%| 57.9% 0.3% 0.4% 68.0% 313% | 0.7%
37 15.3% 3.5% 9.2% | 0.7% | 69.3% 0.8% 1.2% 73.5% 245% | 2.0%
38 16.5% 9.6% | 194% | 43%| 49.4% 0.7% 0.2% 63.3% 359% | 0.8%
39 10.4% 104% | 119% | 34% | 62.8% 0.8% 0.2% 76.6% 223% | 1.1%
40 12.5% 7.6% 99% | 15% | 68.0% 0.4% 0.2% 77.0% 22.4% | 0.6%
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2.6.2 Modal Split within Nagpur City

In tables 2.1, 2.2, 2.3 and 2.4 Vehicular and Passenger Traffic volume and Peak hour
counts are shown which may reflect on the road traffic situation but the corresponding
modal splits shown in table 2.7 does not reflect real modal split within the city. The
reason is given as under:

Geographically Nagpur is not only the center of India, but also the center of commercial
and economic activities of a vast area surrounding the city. In this area, smaller towns
such as Bhandara, Umred, Butibori, Wardha, Hingna, Nilodh, Kalameswar, Amravati,
Kamptee, Ramtek, Bhilai, Raipur, Katol, Chhindwara etc. (all town names are not
given) and villages in between Nagpur and these towns are included.

Naturally therefore, external trips to and from Nagpur are significant. To transport these
trips, very good regional bus services exist apart from the Railways. Also long distance
inter-state bus services are available from different bus stands in Nagpur. In TVC
survey, standard buses captured are mostly regional bus services’. In terminal survey,
(table 2.6), it is seen 2.32 lakh trips are external trips out of which 62% were made by
bus. Many of these bus passengers board and alight bus at city bus stands and not
from the terminals. Train passengers usually walk or take shared auto to go and return
from their destination. It was also noted that at present there is very limited city bus
services®. Therefore if the external services are excluded from the TVC, internal picture
of Nagpur City passenger mode share will emerge.

To show the difference, average passenger trip modal splits between public, private
and NMT are shown below. In this, Public mode includes local bus, auto, shared auto,
taxis and shared taxis. Private mode includes Scooters, Motorcycles and cars. NMT
includes cycles and cycle rickshaws. Intra-city passenger trip mode share of Nagpur
excluding inter-city bus trips will 64.91% by private mode and 32.96% by public mode
and 2.13% by slow mode. A pi diagram is shown in figure 2.9.

"We will in table 2.10, see that significant number of external trips for work are by bus
% On record, there are 470 buses on PPP basis (a mix of 44 seater and 28 seater in Nagpur but most of them
(more than 300) are grounded due to low revenue generation.
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PASSENGER%

2.13%

m PUBLIC
m PRIVATE
B NMT

Figure 2.9 Public Private Modal split of passengers (excluding regional buses)

Out of the 64.91% private mode passenger trips, about 33.75% are two- wheeler trips
and 31.16% are trips made by cars. Out of 32.96% public trips, 22.96% are made by
Auto Rickshaws and 10.00% are made by local buses Vehicle-wise modal split of
vehicles is shown in figure 2.10.

VEHICLE%

4.81%
4.21%

H PUBLIC

H PRIVATE
B NMT

m GOODS

Figure 2.10 Public Private Modal split of vehicles (excluding regional buses)

In terms of vehicles, out of the 74.32% private mode trips, about 56.2% are two-
wheeler trips and 18.12% are trips made by cars. Out of 15.61% public trips, 14.3% are
made by Auto Rickshaws and 1.01% are made by local buses
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PCU%

H PUBLIC
m PRIVATE
NMT
m GOODS

3.01%

Figure 2.11 Public Private Modal split of PCU of vehicles (excluding regional buses)

In terms of vehicle PCUs, out of the 55.5% private mode trips, about 34.3% are two-
wheeler trips and 21.2% are trips made by cars. Out of 19.10% public trips, 16.9% are
made by Auto Rickshaws and 2.2% are made by local buses.

Analysis of data collected from TVC survey was for understanding the traffic flow
characteristics on the Road Network. To determine amount of trip which may be
diverted to Metro, Generalized cost based LOGIT model has been used. Details are
given in section 4.4 and 4.5

2.7 TERMINAL SURVEY RESULTS

Bus and Rail Terminal stations were surveyed mainly to understand the magnitude of
external trips. There are 3 railway stations and 7 bus terminals. A summary of incoming
and outgoing passengers is given in table 2.7.

Table 2.7
External Trips of Nagpur City
In. In Out going Out
: coming . .
Terminal Name coming | Passenge | going Total
Passen
% rs %
gers
Nagpur Main Railway Station 32862 50.1 32757 49.9 65619
Ajni Railway Station 2263 27.9 5850 72.1 8113
ltwari Railway Station 5502 37.9 9001 62.1 14503
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In. In Out going Out
: coming : .
Terminal Name coming | Passenge | going Total
Passen
% rs %
gers
Sitabuildi Bus Stand 8360 45.0 10206 55.0 18566
Ganeshpeth Bus Terminal 32130 49.9 32282 50.1 64412
Ravi Nagar Bus Stand 9803 52.2 8973 47.8 18776
Chattrapati Square 3720 33.2 7494 66.8 11214
Gandhibagh Bus Stand 1755 56.2 1368 43.8 3123
Indora Bus Stand 3395 55.0 2777 45.0 6172
More Bhavan Bus Stand 10580 62.0 6482 38.0 17062
MP Bus Stand 2954 54.6 2453 454 5407
113324 | 48.64 119643 51.36 232967

Above data shows that 2.32 lakhs trips are external trips (which could be more as there
are many boarding and alighting bus stops except main bus terminals) out of which
38% are by train and 62% are by regional and interstate bus service. Above data is for
16 hours (6AM-10PM). Many trips are purely external to external (incoming by bus and
outgoing by train and vice versa). Quantum of external trips is about 10% which is
expected for a city like Nagpur.

Hourly variation of incoming and outgoing passenger flow for Nagpur Railway Station is
shown below in table 2.8.

Table 2.8
Hourly variation of traffic for Nagpur Railway Station

Time IN ouT TOTAL
6:00 - 7:00 4.41% 4.20% 4.31%
7:00 - 8:00 7.94% 3.99% 5.96%
8:00 - 9:00 5.81% 7.23% 6.52%
9:00 - 10:00 5.72% 9.36% 7.54%
10:00 - 11:00 5.75% 5.60% 5.67%
11:00 - 12:00 4.74% 5.42% 5.08%
12:00 - 1:00 5.86% 6.74% 6.30%
1:00 - 2:00 6.53% 6.44% 6.48%
2:00 - 3:00 4.78% 5.60% 5.19%
3:00 - 4:00 5.07% 5.10% 5.08%
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Time IN ouT TOTAL
4:00 - 5:00 6.67% 5.68% 6.17%
5:00 - 6:00 8.38% 9.57% 8.97%
6:00 - 7:00 7.91% 7.49% 7.70%
7:00 - 8:00 7.96% 5.96% 6.96%
8:00 - 9:00 6.72% 6.94% 6.83%
9:00 - 10:00 5.77% 4.70% 5.23%

Hourly variation of incoming and outgoing passenger flow are not much and morning
peaks for incoming and outgoing passengers are 7am-8am and 9am-10am
respectively. Evening peaks for both incoming and outgoing are same at 5am-6am.
Picture is totally different for Ajni and ltwari Railway stations as may be seen in table
2.9.

Table 2.9
Hourly variation of traffic for AJNI & ITWARI Railway StationS
AJNI ITWARI
Time IN ouT IN ouT
6:00 - 7:00 3.89% 1.32% 17.81% 2.59%
7:00 - 8:00 16.48% 5.04% 7.91% 4.42%
8:00 - 9:00 9.10% 21.79% 3.18% 5.05%
9:00 - 10:00 3.67% 23.33% 4.82% 4.33%
10:00 - 11:00 5.21% 11.20% 6.09% 10.22%
11:00 - 12:00 2.43% 2.87% 8.58% 6.55%
12:00 - 1:00 1.68% 8.63% 8.45% 5.94%
1:00 - 2:00 1.81% 0.85% 5.18% 4.39%
2:00 - 3:00 2.83% 3.28% 3.09% 10.17%
3:00 - 4:00 5.08% 1.03% 4.36% 9.39%
4:00 - 5:00 9.28% 4.27% 4.27% 10.39%
5:00 - 6:00 14.58% 6.32% 5.73% 7.28%
6:00 - 7:00 11.09% 6.96% 7.36% 3.61%
7:00 - 8:00 4.60% 1.62% 7.09% 6.28%
8:00 - 9:00 4.86% 0.67% 3.64% 4.33%
9:00 - 10:00 3.40% 0.80% 2.45% 5.05%

Peak hours for inbound passenger are early morning (16.48% between 6am-8am for
Ajni) and 17.81% between 6am-7am for Itwari) and basically are factory workers.
Outgoing passengers for Ajni are between 8am-10am and between 10 am -11 am for
Itwari. Ajni rail station may be considered as an extended part of Nagpur Rail Station
and many passenger interchange these two as per their convenience and train
stoppage times. However, these two stations carry mostly commuters.
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TERMINAL PASSENGER INTERVIEW

10881 passengers were interviewed at 8 main bus stands for knowing their travel
characteristics. While most of the passengers use city bus for access and dispersal to
and from bus stand large number of Auto Rickshaw users are also observed. Other
mode users are insignificant. For rail passengers, for access and dispersal, auto
rickshaw is used and low use of other modes (except train) indicates, people directly
goes to their destination on foot.

Table 2.10
Mode used by external passengers
BUS RAIL
MODE Access | Dispersal | Access | Dispersal
1 - Two Wheeler 9.1% 3.3% | 8.4% 1.5%
2 - Auto Rickshaw 23.2% 12.1% | 29.7% 11.0%
3 - Shared Auto Rickshaw 1.4% 1.0% | 3.4% 0.5%
4 - Car 2.6% 0.8% | 59% 1.4%
5- Taxi 1.1% 0.7% | 3.9% 0.6%
6 - Mini Bus (Public) 0.8% 1.3% | 1.0% 0.5%
7 - Mini Bus (Regional) 0.1% 0.0% | 0.6% 0.1%
8 - Bus (Public) 48.9% 60.7% | 12.1% 2.1%
9 - Bus (Regional) 6.5% 17.1% | 0.6% 0.2%
10 - Cycle Rickshaw 0.3% 0.2% | 0.3% 0.4%
11 - Cycle 0.2% 0.1% | 0.4% 0.0%
12 - Train 3.6% 2.0% | 32.2% 81.5%
13 - Walk 2.3% 0.7% | 1.4% 0.1%

By bus, 33% passenger trips are daily and by rail, it is 15.5%, signifying a large number
of persons living outside the city commute work by bus and other purposes.

Table 2.11
Frequency of trips made by external passengers

33.1% 15.6% D - Daily

14.9% 10.9% W - Weekly
34.9% 40.7% M - Monthly
17.0% 32.9% O - Occasionally

Regarding occupation, revealing part of the table 2.12, is over 60% are working in
small establishments such as Shops, Hotels and Restaurants or repair as non
permanent workers. Showing types of job which are available in the city. About 25%
are employees of Government and Private Establishments.
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Table 2.12

Occupation of external passengers

BUS RAIL | OCCCUPATION

1.4% 0% | O-Not stated

6.8% 5.6% | 1 - Government Employee

9.1% 8.9% | 2 - Private Employee

8.5% 5.1% | 3 - Institute Employee
18.7% | 19.9% | 4 - Shops/ Malls/ Stores
31.3% | 43.4% | 5 - Hospitality
12.5% 9.8% | 6- Services (Banks/ repair shop)

0.1% 0.5% | 7 - Health

0.7% 1.1% | 8 - Others (Mention)
10.9% 5.8% | 9 - Student

0.1% 0% | Unemployed

Purpose wise trips made shows (in table 2.13) that more than 50% trips are work trips.

Table 2.13

Purpose wise external trips
BUS RAIL PURPOSE
0.1% 0.0% 0-Not Stated
41.2% 41.4% 1 - Work
12.0% 10.5% 2 - Business
11.9% 6.6% 3 - Education
2.2% 2.3% 4 - Social
4.3% 2.3% 5 - Shopping
3.1% 4.0% 6 - Recreation
1.2% 6.3% 7 - Religious
24.0% 26.7% 8 - Others

WORK PLACE SURVEY

Workplace survey was conducted in Nagpur City to know the concentration and type of

workplaces and workers socio-economic conditions.

In all 60 thousand workplaces

were intercepted wherel.94 lakh people are working. For a population of 24 lakhs,
assuming 30% are workers, total workers are about 8 lakhs. In this manner, about 25%
workers were recorded during the survey. This survey was aimed mainly to identify
main work centers within the city and not for preparing an exhaustive list of workplaces.
This survey has given a number of valuable information which is presented in the

following tables:
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Table 2.14 Type of work Establishments

Type of Establishments Samples Percent

Office (Private, Agency) 3098 5.16%

Factory (Small Scale Manufacturing ) 238 0.40%

Institute (School, College, Coaching Center, Training 1038 1.73%

Institute, )

Shopping (Retail and Wholesale Merchant) 47654 79.32%

Hospitality (Hotel, Restaurants, Eatery, Sweet meat shop | 3195 5.32%

etc.)

Services (Garage, Automobile Repair, Spare Parts, 2634 4.38%

Mobile, Kirana store )

Health (Hospital, Nursing Home, Clinic, Medical Store, 2031 3.38%

Gym,)

Others (Marriage Hall, Sabhagriha, Temples) 191 0.32%
60079

Table 2.15 shows that overwhelming number (85%) of work places are shopping and
hospitality business. This survey has depicted the status of retail type employment and
not the status of basic type employments such as employments in Government Offices
and Railways.

Table 2.15
Work Places as per number of employees

1 2 31156 51.86%

5 23201 38.62%
6 10 4197 6.99%
11 20 1290 2.15%
21 50 211 0.35%
51 100 17 0.03%
>100 8 0.01%

Classification as per employee size given in table 14 shows > 90% establishments
have less or equal to 5 employees.

2.10 INTERVIEW OF WORKERS

15060 workers were interviewed and several interesting information were extracted
from the interview. From table 2.16, it is observed 45.66% is one earning member
family and 39% has two earners. From the table it is deduced workers /population ratio
is 0.35. It is also seen student / population ratio is 0.32 (within sample). But it is not
possible to know whether all these workers make work trips using vehicle.

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 Page 30 of 53



Chapter 2 — Traffic Demand Forecast

Table 2.16
Family details of workers
WORKERS FAMILY STUDENTS
IN FAMILY NUMBER | PERCENT MEMBERS IN FAMILY
1 6877 45.66% 27742 10229
2 5887 39.09% 30958 9842
3 2056 13.65% 12989 3415
4 240 1.59% 1813 428
ALL 15060 73502 23914

From sample data, trip length frequency is constructed and shown in table 2.17.

Average trip length of workers was computed as 8.47 km.

Table 2.17
Trip length frequency of workers
FROM KM TO KM PERCENT
1 5 28.9%
6 10 45.4%
11 15 18.2%
16 20 4.3%
21 25 1.4%
26 30 1.9%
Table 2.18
Monthly income of workers
RS RS Percent
0 10000 49.5%
10000 20000 20.7%
20000 50000 19.8%
50000 100000 8.8%
100000 | 200000 1.3%

As reported, 50% have income less than Rs. 10,000 per month. Average monthly
income was deduced as Rs. 22022.

As far as vehicle used for coming to work place is concerned, it is found 50% use two
wheelers. Nearly 15% use public transport system. Frequency distribution is given in
table 2.19.

Table 2.19
Mode used by the workers
Vehicle Type Sample %
Two Wheeler 49.24%
Auto Rickshaw 20.17%
Shared Auto Rickshaw 3.41%
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Vehicle Type Sample %
Car 8.12%
Taxi 2.20%
Mini Bus (Public) 3.80%
Mini Bus (Regional) 1.20%
Bus (Public) 8.42%
Bus (Regional) 0.48%
Cycle Rickshaw 0.32%
Cycle 1.81%
Train 0.35%
Walk 0.47%
Total 100%

Average journey time (as reported) is 26.6 minute. Average expenditure on travel per
day is Rs. 24.56.

As far as location of work place is concerned, 50% employment is concentrated in
DHANTOLI, COTTON MARKET, ZERO MILE, SITABULDI areas which are within the
core area of the city. Another 30% employment is in MANAKPUR, MAHAL, LAW
COLLEGE, BHANDARA ROAD, MANEWADA, FORT, GANESHPETH, SADAR and
LAKDAGANJ areas. There are also a few isolated places such as INDORA, KHAMLA,
ITWARI and KALMANA where work places exist. This is an important finding for fixing
work trip attraction zones for trip distribution purpose.

TRIP FORECASTING USING TRAFFIC MOLELS

Four stage modeling procedure has been adopted which are known as trip generation,
trip distribution, modal split and trip assignment. Many books and research papers are
available in which basic theory and application are well explained. Depending upon the
situation, different variations of the above stages are applied. A few references® are
given in the footnote. To start with, a few basic data such as Traffic Zone System
(TAZ), Road and Other Transport Network, Land use data are prepared:

’ Ben-Akiva,M and Morikawa, T. 1990 Estimation of Travel Demand Models from Multiple Data Sources.
Transportation and Traffic Theory, Cascetta, G.E., 2001 Transportation Systems Engineering; Theory and
Methods, Kluwer Academic Publishers, Dordrecht. Koppelman, F. 1976 Guidelines for Aggregate Travel
Prediction Using Disaggregate Choice Models Transportation Research Record 610

National Research Council (U.S.) Transportation Research Board (2000) Highway Capacity Manual, National
Research Council (U.S.) Transportation Research Board

Sheffi, Y 1985 Urban Transportation Networks; Equilibrium Analysis with Mathematical Programming Methods.
Englewood Cliffs, N.J.: Prentice Hall

Wilson, A.G. 1974 Urban and Regional Models in Geography and Planning, ,: Wiely London, New York

M.G.Bell & Y.lida. 1997, Transport Network Analysis, John Wiley & Sons, England
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2.12 TRIP ENDS ESTIMATION

After collecting necessary inputs from primary survey, secondary data as available
were also investigated. Several rounds made in the city to physically verify
concentration of residential population, work places and education centers and their
connecting routes. A list of words (136), list of group zones (defined as ZONES
numbering 1-10) and ward wise population of 2001 was available. In 2001, total
population of Nagpur 136 wards was 20,52,066 with average population density
247/hector. Maximum population of any ward was found to be 16586, minimum
population was 13,631 and average 15,089. From this it appears, wards were fixed on
the basis of uniform population and not according to landuse activities.

Such wards cannot be successfully used as traffic analysis zones (TAZ) for estimating
ridership on proposed metro network. A map of Nagpur city was available where future
allocation of landuses was clearly marked. This map became very helpful for creating
TAZs. Nagpur and its adjoining areas were brought under new traffic zone system
which had 368 internal and 10 external zones. These zones were classified as
RESIDENTIAL, COMMERCIAL, MIXED, PUBLIC, GREEN and OTHER. From the
names assigned to the classes, characteristics of the zones should be understood.
Examples of MIXED zones are MOMINPURA, GANDHIBAG, MIDDLE, BAGADGANJ,
BASTI, AZANSHAH, DHANTOLI, DAGA LAYOUT, MOHAN NAGAR, SADAR,
TEMPLE ROAD, VIJAY CLUB, RAVI NAGAR, HINGNA RD etc. which have both
resident population and commercial activities. PUBLIC zones have mostly government
offices, educational institutes, hospitals, courts etc. OTHER zones are Railway Stations
& Yards, Government Lands, Bus Depots, Godowns, Wholesale Markets etc. GREEN
zones are lakes, parks, forests, agriculture lands etc. Residential zones have habitat
population. With this classification, it became logical to allocate population and to
identify trip attraction zones. Word wise population of 2001 was reallocated among this
zones after verifying their geographical location and ZONES. External TAZs are entry
points to the city namely the Roads: WARDHA, HINGNA, AMRAVATI, KATOL,
KORADI, KAMPTEE, BHANDARA, and UMRED.

Total Population of the study area and estimated daily vehicular trip production from all
the internal and external zones during different horizon years are given in table 2.21.
Employments locations (Zones) were identified from work place survey and Per Capita
Trip Rate for 2012 was also derived from the Workplace Survey Data. Concentration of
educational institutes, and medical facilities were identified from map and physically
verified. In this manner, trip attraction zones were identified for different purposes
(work, education and other) and were assigned ranks. Zone attraction weights were
then derived by multiplying zone ranks with zone areas and then by normalizing it.
Total trips for different purposes (work, education and other) trips attracted to zones
were then by multiplying total purpose wise trips with zonal weights. Trips to be
attracted for other horizon years were also estimated. Estimate of total population and
trips produced of the study area are shown in table 2.20.
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Table 2.20
Population and Trip Production in lakhs during different horizon years
2001 | 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041
POP 21.49 | 23.01 | 24.77 | 26.62 | 28.60 | 30.40 | 32.27 | 34.29 | 36.18
TRIP 17.53 | 19.01 | 22.47 | 24.48 | 26.65 | 28.73 | 30.93 | 33.33 | 35.69
TRIP
RATE

0.816 | 0.826 | 0.854 | 0.865 | 0.875 | 0.886 | 0.898 | 0.909 | 0.920

2.13 TRIP DISTRIBUTION

Trip ends are then distributed (using gravity model) among traffic zones according to
the distance (or by GC). Inner philosophy of trip distribution is that a trip is originated
due to population and is attracted to another zone due to facility available in that zone.
Also if the cost of travel to that zone is higher than the cost of travel to another zone
having the same facility, the trip will be attracted to another zone. Trip distribution
(Gravity Model) model formula is given as under
Tij = AinRiCjCij-Be-Gcij ..... (1)

where Tj are trips from zone | to j, cjis cost of travel fromi to j, Pj = trips produced from
zone j, Ay, = trips attracted to zone i, Ri= 1/ [¥"=1 P.CiciPe ] & Ci= 1/ [Y -1 ARiciPe™;
] and a, B are deterrence constants' R;, C;are model constants which are fixed through
iterative proces

2.14 MODAL SPLIT

Economics based modal share model is developed to determine realistic share
between public and private transport for two options namely with metro and without
metro. Utility cost or the generalized cost of travel for each km is derived by assuming
certain values of the parameters which constitute the vehicle wise total economic cost
(generalized) cost. ltems which are used for constructing the utility function are given in
the top row of table 3. All times are converted to money cost by using value of time.
These values are obtained from sample survey.
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Table 2.21: Utility Model Inputs
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o = == = ) = o 28 2| 3
Bus 30 10 10 18% | 19% 3% 3 3 0.4 0.9
Car 40 0 0 0% 19% 0% 15 3 2 0.9
Taxi 40 0 0 0% 19% 0% 20 2 5 0.9
2 Wheeler 40 0 0 0% 19% 10% 2 3 1 0.9
Auto 30 0 0 0% 19% 1% 10 2 3 0.9
Metro 35 10 2.5 10% 0% -10% 6 2 0.5 0.9

Discomfort cost is subjective which depends upon energy loss while availing the service of that
particular mode. 10% is allotted to 2 wheelers due to the physical tension and safety of the
driver.
(-) 10% to metro passengers is indicative of comfort for hustle free journey. For without metro
situation, Metro is not considered in the model, and for with metro situation the same is
considered. Logit model formulation is given by:

Py = c
ek
Where Uy, 1s utility function for mode m and P, s share of mode m when number of
competitive modes are 1,..k
In figure 5 mode share is shown for without metro situation. In figure 6 mode share between
public and private modes is shown.

45%
40% —

309/0 / B BUS
25% _,/ o Auto
20% |+ S — Tax
L3% \ C
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5o 2W
O% 1 1 1 1
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Figure 2.12: Mode share among passenger vehicles without metro
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Distance wise modal share as per generalised cost
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Figure 2.13 Mode share between public and private passenger vehicles with metro

2.15 SIMULTANEOUS MODAL SPLIT AND DISTRIBUTION

Trips between each zone pair) are divided into public and private modes using logit
model (Para 2.4.4). Cars and Two Wheelers together are privates modes. All types of
Buses, Auto Rickshaws and Taxis together are considered as Public Modes. Private
mode trips use road only network while public modes trips use other mode network
also. Rail and Metro both fall under public mode.

Trips for every zone pair for which distance is available are divided into public and
private modes as per the distance for using Logit Model and distributed by using public
and private network which are already separated from the complete transport Network.
Before distribution, distribution parameters (B,a) are determined from observed
average trip length (from work place survey average trip length was found as 8.47 km-
see para 2.3.2). Thus Origin — Destination passenger trip matrices for all horizon years.

2.16 TRIP ASSIGNMENT

Several traffic assignment techniques such as capacity restrained, incremental loading,
user equilibrium, dynamic assignment etc. are available. All of them are developed by
considering (or hypothetically assuming) different kind of passenger behavior.

In this study, incremental loading assignment technique is used where OD matrix is
partly assigned (10%-20% each time) and link cost is modified on the basis of the part
assignment. Link loads obtained from each part assignment are added.

As metro is a part of the public network, a portion of the public trip matrix is separated

for loading on metro network. If both origin and destination zone of a trip has at least
one metro station, it is assumed shift from other modes to metro will be from 10%-50%
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(longer the mutual distance if the OD pair, higher will be the shift to metro) from public
OD. It is also assumed that trips from private OD will be shifted to metro OD.

This distribution cum assignment exercise will finally produce four OD matrices [(1)
private mode to use road only network, (2) public mode to use road and rail only
network, (3) public mode to use road, rail and metro network and (4) metro mode to
use metro and road only network], assigned trips and routes for each OD pair.

2.17 DAILY RIDERSHIP ESTIMATION

Estimation of trips on metro line is done by using a special computer program which
scans routes between each zone-pair which are generated from traffic assignment
model during incremental loading traffic assignment algorithm. Each metro station is
uniquely defined in the network and a continuous path from one metro station to
another metro station (crossing several metro stations on the way) defines a metro
route. Entry to and Exit from any other type of nodes (Road or Zone or Rail) are
regarded as Boarding and Alighting of the concerned metro station.

2.18 NAGPUR METRO ALIGNMENT PLAN

For Nagpur city, two separate lines have been suggested with an interchange facility at
SITABULDI. Length of line 1 (Automative-Mihan) is 20.5 km and the length of line-2
(Prajapati-Lokmanya) is 19.0 km. Alignments have been finalized after many
considerations which include, traffic flow path, core area, connectivity, future landuse
development plan and existing infrastructure. Line 1 shall connect two important
gateways (Kamptee and Wardha). Mihan and International Airport and Cargo HUB are
dream projects will also be connected to this line. Line 2 will also connect another two
gateways (Bhandara and Hingna) of the city. The line is passing through populated
residential zones, business and education centers.
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AUTOMATIVE

INSTT OF ENGNEER

BANK OF INDHA

LAD CHK

DPC OF SCIENCE

VASUDEV NGR
BANSI NGR
MAHINDRASMAHINDR

LOKMANYA NAGAR

L
MIHAN CITY 77

Iy
METRO DEPOT /7
Figure 2.14 Alignment of Nagpur Metro
2.19 SUMMARY OUTPUT

Table 2.22: Summary Output(1)
YEAR 2016 2021 2026 2031 [2036 2041 |
Population® 2662338  [2859852  |3039907  |3226854 (3428976 [3617956 |

10 Zone wise population was projected from the population density (PD) of the zone observed in 2001. Different
growth rates (GR) were applied on PD of the zone according to the class of the zone as per PD. For instance, if PD
of a residential zone is below 100, GR=2.995%, if PD is between 100 and 150, GR is 25% less and so on. This
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YEAR 2016 2021 2026 2031 2036 2041
8¥g€¢;ﬁNNUAL 1.50% 1.48% 1.26% 1.23% 1.25% 1.10%
All trips 2714643 2951773 3189472 3442617 3719554 3995384
Trip rate 1.02 1.03 1.05 1.07 1.08 1.10
Metro trips 323858 362399 409236 462918 529193  |588185
% Of all trips 11.93% 12.28% 12.83% 13.45% |14.23%  (14.72%

In NMC area, in 2011, 17.26% decadal growth rate of population is observed which
was lower than previous decadal growth rate (26% ) — L&T-Ramboll Report,

Table 2.23: Summary Output(2)

BOARDING/RIDERSHIP (DAY) 2016 2021 2026 2031 2036 2041
ON LINE 1 (AUTOMATIVE-MIHAN) 144956 | 163371 | 183991 | 209180 | 240166 | 267617
ON LINE 2 (PRAJAPATI-LOKMANYA) 178902 | 199028 | 225245 | 253738 | 289027 | 320568
TOTAL OF BOTH 323858 | 362399 | 409236 | 462918 | 529193 | 588185
AVERAGE TRIP LENGTH IN KM 6.271 | 6.284| 6.257| 6.283| 6.256| 6.307
MAXIMUM PHPDT ON LINE 1 7545 8526 9618 | 10987 | 12841 | 14332
MAXIMUM PHPDT ON LINE 2 8087 8992 | 10370 | 11755 | 13468 | 15060

Total daily boarding ridership in 2016 is estimated as 3.24 lakhs in which share of line
1 as 45% and line 2 as 55%. Average trip length is 6.27 km. Interesting observation is

trips between the lines are about 30%.

thousand and line 2 will carry 1.29 lakhs trips.

As a standalone line, line 1 will carry 95

scheme is applied for projecting population of different horizon years. Initial GR was adjusted to match
population of 2011. In the table overall annual growth rate was shown.
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Ambitious plan of creating New Nagpur International Airport & Mihan City has also
been incorporated and it is seen about 25 thousand trips will be boarded from these

two station in 2016.

Table 2.24: Summary Output(3)

2016 2021 2026 2031 2036 2041
TRIPS WITHIN LINE 1 95401 | 109036 | 124096 | 141779 | 164010 | 182930
TRIPS WITHIN LINE 2 129349 | 144695 | 165349 | 186332 | 212869 | 235884
INTERCHANGE TRIP AT 99108 | 108668 | 119786 | 134810 | 152312 | 169372
SITABULDI-NETAJI MARKET
TOTAL RIDERSHIP/DAY 323858 | 362399 | 409231 | 462921 | 529191 | 588186
PEAK HR RIDERSHIP 35624 | 39864 | 45016 | 50921 | 58211 | 64700
TRIPS FROM NEW AIRPORT & 25452 | 27648 | 29715 | 31870 | 34433 | 37129
MIHAN
TOLINE1 20019 | 21931 | 23573 | 25306 | 27429 | 29615
TOLINE 2 5433 5717 6142 6564 7004 7514

2.19 DAILY RIDERSHIP

TABLE 2.25A: DAY BOARDING ON LINE 1 FROM AUTOMATIVE TO MIHAN

STATION 2016 2021 2026 2031 2036 2041
AUTOMATIVE 12208 14753 16621 19151 23028 | 27266
NARI RD 7996 9557 11922 14368 15433 | 16527
INDORA 6228 6970 7698 8615 9620 | 10648
KADVI CHK 7136 7804 8679 9674 10742 | 12085
GADDI GODAM SQ 658 77 898 1069 1276 1347
EﬁiLURCHAND 8868 9802 10792 11801 13026 | 14267
ZERO MILE 5131 5272 5848 6650 7212 8053
SITABULDI 24193 27638 31289 35060 40283 | 44166
CONGRESS NAGAR 32326 36881 41787 47153 54092 | 60746
RAHATE COLONY 3165 3529 4097 5576 8452 9337
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STATION 2016 2021 2026 2031 2036 2041
NEERI 2209 2451 2826 4518 6338 6926
DEV NAGAR 2138 2429 2744 3498 4253 5279
,IZ\/IF?II'IL'JI\TE'?H 2355 2626 2851 3122 3563 3898
SAHAKAR NGR 3547 3769 4616 5320 6516 7898
OLD AIRPORT 1346 1465 1608 1735 1899 2045
NEW AIRPORT 8174 8922 9420 9894 10343 | 10708
MIHAN CITY 12740 13877 14905 16018 17235 | 18429
METRO DEPOT 4538 4849 5390 5958 6855 7992

TABLE 2.25B: DAY BOARDING ON LINE 2 FROM PRAJAPATI NAGAR TO LOKMANYA NAGAR

STATION 2016 2021 2026 2031 2036 2041
PRAJAPATI NGR 926 1007 1074 1202 1326 1453
VAISHNO DEVI CHK 1204 1280 1391 1522 1675 1815
AMBEDKAR CHK 2952 3209 3501 3788 4212 4621
TEL EXCHANGE 10872 | 12399 | 15768 | 20264 | 25376 | 32477
CHITAR OLI CHK 5755 6368 7352 9367 | 11479 | 13634
AGRASEN CHK 7571 9528 | 10502 | 11216 | 13978 | 14733
MAYO HOPITAL 7543 | 11288 | 13948 | 15595 | 20937 | 19835
NAGPUR METRO ST 30688 | 34508 | 40413 | 46352 | 52926 | 59849
NETAJI MKT 28481 | 29503 | 33139 | 36457 | 39813 | 43210
JHANSI RANI SQ 17144 | 19072 | 22388 | 26374 | 29477 | 34576
INSTT OF ENGNEER 21395 | 22328 | 23306 | 24675 | 26085 | 27510
BANK OF INDIA 12495 | 13452 | 14401 | 15297 | 16361 | 17573
LAD CHK 3556 3961 4234 4602 4988 5404
DPC OF SCIENCE 8875 9676 | 10475 | 11345 | 12237 | 13149
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STATION 2016 2021 2026 2031 2036 2041
SUBHAS NGR 1688 1924 2023 2193 2396 2574
RACHANA 1994 2233 2470 2745 3060 3454
VASUDEV NGR 2032 2272 2477 2746 3028 3346
BANSI NGR 1638 1907 2173 2442 2802 3179
MAHINDRA&MAHINDR 4385 4751 5115 5482 5897 6273
LOKMANYA NAGAR 7708 8362 9095 | 10074 | 10974 | 11903

TABLE 2.26:PEAK HOUR BOARDING ONLINE 1 FROM AUTOMATIVE TO MIHAN

STATION 2016 2021 | 2026 | 2031 2036 2041
LINE-1

AUTOMATIVE 1343 1623 | 1828 | 2107 2533 2999
NARI RD 880 1051 | 1311 | 1580 1698 1818
INDORA 685 767 847 948 1058 1171
KADVI CHK 785 858 955 1064 1182 1329
GADDI GODAM SQ 72 85 99 118 140 148
KASTURCHAND PARK 975 1078 | 1187 | 1298 1433 1569
ZERO MILE 564 580 643 732 793 886
SITABULDI 2661 3040 | 3442 | 3857 4431 4858
CONGRESS NAGAR 3556 4057 | 4597 | 5187 5950 6682
RAHATE COLONY 348 388 451 613 930 1027
NEERI 243 270 311 497 697 762
DEV NAGAR 235 267 302 385 468 581
MAYURESH APRTMNT 259 289 314 343 392 429
SAHAKAR NGR 390 415 508 585 717 869
OLD AIRPORT 148 161 177 191 209 225
NEW AIRPORT 899 981 1036 | 1088 1138 1178
MIHAN CITY 1401 1526 | 1640 | 1762 1896 2027
METRO DEPOT 499 533 593 655 754 879
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STATION 2016 2021 | 2026 | 2031 2036 2041
LINE-2

PRAJAPATI NGR 102 111 118 132 146 160
VAISHNO DEVI CHK 132 141 153 167 184 200
AMBEDKAR CHK 325 353 385 417 463 508
TEL EXCHANGE 1196 1364 | 1734 | 2229 2791 3572
CHITAR OLI CHK 633 700 809 1030 1263 1500
AGRASEN CHK 833 1048 | 1155 | 1234 1538 1621
MAYO HOPITAL 830 1242 | 1534 | 1715 2303 2182
NAGPUR METRO ST 3376 3796 | 4445 | 5099 5822 6583
NETAJI MKT 3133 3245 | 3645 | 4010 4379 4753
JHANSI RANI SQ 1886 2098 | 2463 | 2901 3242 3803
INSTT OF ENGNEER 2353 2456 | 2564 | 2714 2869 3026
BANK OF INDIA 1374 1480 | 1584 | 1683 1800 1933
LAD CHK 391 436 466 506 549 594
DPC OF SCIENCE 976 1064 | 1152 | 1248 1346 1446
SUBHAS NGR 186 212 223 241 264 283
RACHANA 219 246 272 302 337 380
VASUDEV NGR 224 250 272 302 333 368
BANSI NGR 180 210 239 269 308 350
MAHINDRA&MAHINDR 482 523 563 603 649 690
LOKMANYA NAGAR 848 920 1000 | 1108 1207 1309

TABLE 2.27::PHPDT LINK LOAD ON LINE 1 FROM AUTOMATIVE TO MIHAN

STATION STATION 2016 | 2021 | 2026 | 2031 | 2036 | 2041
AUTOMATIVE NARI RD 2014 | 2434 | 2742 | 3160 | 3800 | 4499
NARI RD INDORA 3333 | 4009 | 4709 | 5530 | 6345 | 7225
INDORA KADVI CHK 4344 | 5141 | 5960 | 6931 | 7910 | 8958
KADVI CHK SSDDI GODAM 5432 | 6323 | 7264 | 8385 | 9516 | 10751
GADDI GODAM | KASTURCHAND

sQ PARK 5411 | 6287 | 7220 | 8350 | 9480 | 10737
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STATION STATION 2016 | 2021 | 2026 | 2031 | 2036 | 2041
EﬁiLURCHAND ZERO MILE 6475 | 7433 | 8448 | 9671 | 10896 | 12234
ZERO MILE SITABULDI 6928 | 7831 | 8871 | 10156 | 11409 | 12804
CONGRESS
SITABULDI NAGAR 7545 | 8526 | 9618 | 10987 | 12841 | 14332
CONGRESS RAHATE
NAGAR COLONY 2687 | 2939 | 3260 | 3944 | 4906 | 5442
RAHATE
COLONY NEERI 2255 | 2453 | 2708 | 3218 | 3804 | 4247
NEERI DEV NAGAR 1944 | 2108 | 2312 | 2604 | 2932 | 3311
MAYURESH
192 2097 | 2 251
DEV NAGAR APRTMNT 1646 | 1769 | 1925 09 305 519
MAYURESH
APRTMNT SAHAKAR NGR | 1310 | 1396 | 1517 | 1648 | 1790 | 1953
SAHAKAR NGR | OLD AIRPORT 1896 | 2041 | 2279 | 2527 | 2865 | 3257
OLD AIRPORT NEW AIRPORT | 1691 | 1818 | 2034 | 2263 | 2577 | 2948
NEW AIRPORT | MIHAN CITY 2824 | 3054 | 3320 | 3597 | 3944 | 4329
MIHAN CITY METRO DEPOT | 739 | 790 | 880 974 1121 | 1309

TABLE 2.28: PHPDT LINK LOAD ON LINE 2 FROM PRAJAPATI NAGAR TO LOKMANYA NAGAR

STATION STATION 2016 | 2021 | 2026 | 2031 | 2036 2041
PRAJAPATI NGR VAISHNO DEVI CHK 142 | 154 165 185 205 225
VAISHNO DEVI CHK AMBEDKAR CHK 338 | 361 391 434 478 522
AMBEDKAR CHK TEL EXCHANGE 816 | 881 960 1049 | 1163 1274
TEL EXCHANGE CHITAR OLI CHK 2558 | 2871 | 3502 | 4329 | 5280 6559
CHITAR OLI CHK AGRASEN CHK 3330 | 3700 | 4372 | 5422 | 6603 8035
AGRASEN CHK MAYO HOPITAL 4371 | 5034 | 5797 | 6703 | 8125 9484
MAYO HOPITAL NAGPUR METRO ST | 4854 | 5787 | 6572 | 7537 | 9354 10090
NAGPUR METRO ST SITABURDI 8087 | 8992 | 10370 | 11755 | 13468 15060
SITABURDI JHANSI RANI SQ 5740 | 6506 | 7508 | 8857 | 9825 11307
JHANSI RANI SQ INSTT OF ENGNEER | 3510 | 4002 | 4501 | 5301 | 5881 6627
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STATION STATION 2016 | 2021 | 2026 | 2031 | 2036 2041
INSTT OF ENGNEER BANK OF INDIA 6850 | 7462 | 8079 | 8769 | 9499 10244
BANK OF INDIA LAD CHK 5060 | 5543 | 6040 | 6605 | 7199 7822
LAD CHK DPC OF SCIENCE 4537 | 4966 | 5415 | 5927 | 6466 7026

DPC OF SCIENCE SUBHAS NGR 3154 | 3469 | 3785 | 4162 | 4565 4984
SUBHAS NGR RACHANA 2905 | 3184 | 3487 | 3839 | 4211 4604
RACHANA VASUDEV NGR 2587 | 2838 | 3094 | 3403 | 3725 4054
VASUDEV NGR BANSI NGR 2259 | 2471 | 2694 | 2960 | 3235 3513
BANSI NGR MAHINDRA&MAHINDR | 1996 | 2164 | 2344 | 2566 | 2783 2999
MAHINDRA&MAHINDR | LOKMANYA NAGAR | 1272|1380 | 1501 | 1662 | 1811 1964

2.21 More About MIHAN

Some description about MIHAN project is already given in section 2.4. SEZ and
International Cargo HUB are two important projects in MIHAN. NIT and GoM they are
working hard to make the project successful.

L&T-Ramboll (see Study Report submitted by them) has worked out population and
Employment for MIHAN when the project will be operational. Shown below are the
salient points from that study report.

1. Population density of Nagpur mc is 94/hectare in 2001
2. Only 10 zones had population density over 600/ hectare
3. Residential area allocated in MIHAN = 414 hectare

4. SEZ areain MIHAN = 1472 hectare

5. Total area =4354 hectare

6. Assumed to be operational in 2015

7. Employmentin 2015 = 1.96 lakh

8. Employmentin 2021 = 2.60 lakh

9. Employmentin 2031 = 4.30 lakh

10. 40% employees will commute from Nagpur

11. Employment growth 2015-2021 = 4.9% (cumulative)

12. Employment growth 2021-2031 = 5.2% (cumulative)

13. Maximum Population density assumed = 600/ hectare
14. Maximum population in MIHAN which can be accommodated is 2.40 lakhs
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According to L&T-RAMBOLL report, a maximum of 2.4 lakh population
(PD=600/Hectare) is expected to live in MIHAN and due to SEZ and Airport Centric
activity, employment that will be generated in 2015 is 1.96 lakhs.

As on date, there is hardly any population living in MIHAN and economic activity has
not started. Therefore keeping a modest view, most likely population and employment
figures are worked out by assuming Population density as 150/hectare and
Employment density as 40/hectare in 2016 and shall grow with 5% growth rate. In
MIHAN, Population and Employment that are expected are given as under:

Table 2.29: Expected Population and Employment in MIHAN
2016 | 2021 | 2026 | 2031 | 2036 | 2041

POPULATION | 60600 | 77343 | 98711 | 125983 | 160790 | 205213

EMPLOYMENT | 83440 | 106493 | 135915 | 173466 | 221391 | 282557

If, however, project is further delayed, these figures will be shifted towards right.

2.22 EFFECT OF MIHAN ON PROPOSED METRO RIDERSHIP

According to L&T-RAMBOLL report, 40% employees will commute here from outside
MIHAN including Nagpur city but there is no mention of people who would likely to
commute from MIHAN to Nagpur. Therefore, when completed, MIHAN will be a self
sufficient industrial city where people will live and work.

It is expected there will be overall 30% commuting of both resident population and due
to employment which will make an impact on the daily ridership of Metro.

This has been included in the forecasting process. Daily ridership projected from
MIHAN stations are given in table 2.30 (already shown in bottom of table 2.30).

Table 2.30 Ridership from MIHAN Stations
STATIONS 2016 2021 2026 2031 2036 2041

NEW AIRPORT 4824 5212 5660 6161 6668 7214

MIHAN CITY 14111 14939 16385 | 18072 | 19864 | 21779
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2.23 FURTHER DEVELOPMENTS

On 03.08.2013, a meeting presided by Shri S K Lohia, JS-MoUD,Gol was held at Nagpur
to discuss the DPR. In that meeting, JS-MoUD,Gol expressed that the FIRR of the
project should be at least 8%. Recently, MoUD has also issued advisory that FIRR of
Metro Project should not be below 8%.

On 1.10.2013, a presentation on the DPR was made by M/s NIT to The Chief Minister,
Government of Maharashtra. He was of the opinion to avoid underground alignment in
MIHAN and also construct Maintenance Depot in the land belonging to State Govt Land.
Subsequently, on 21.10.2013, a joint inspection of the NS corridor was done by VC&MD-
MADC, Chairman-NIT, and Director Business Development-DMRC. In this inspection, as
desired by M/s NIT, NS corridor was slightly modified to move along Wardha Road and
then west of Railway Track in MIHAN area. Location of Depot of NS Corridor has also
been modified and now, depot has been located in MADC Land near Khapri Railway
Station. Similarly, Depot of EW Corridor has also been shifted to SRP Land near
proposed Lokmanya Nagar Metro Station.

This has caused deletion of few earlier proposed metro stations on NS Corridor nas
addition of new stations on the same.

2.24 ESTIMATION OF RIDERSHIP FOR FINAL ALIGNMENTS

After going through the DPR, NIT requested DMRC to provide an estimate of the daily
ridership for the alternative alignment of line 1 (Automative to Khapri). The new
alignment of line 1 is same up to Ajni Chowk as before but now will go straight along
Wardha Road up to Khapri Rail Station (instead of going along Khamla Road towards
Mihan). A diagram of the new alignment is shown in figure 2.14.

List of station names, chainage (mt) and inter station-distance(in km) between the
stations are given in the table 2.31 Chainage and inter-station distances are shown as
per map. Station names are given as per local area names.

Table 2.31: Nagpur Metro Rail Project NS Corridor
. Chainage(in Inter Distance
S.No | Station Name mt)g ( Between Two Stations in KM.
DEAD END -408.2
1 AUTOMOTIVE SQRE 0.0 408.2
2 NARI ROAD 975.8 975.8
3 INDORA CHOWK 2139.7 1163.9
4 KADVI CHOWK 3181.2 1041.5
5 GADDI GODAM SQRE 4399.0 1217.8
6 KASTURCHAND PARK 5148.6 749.6
7 ZERO MILE 6175.5 1026.9
8 SITABURDI 6709.2 533.7
9 CONGRESS NAGAR 7897.2 1188.0
10 RAHATE COLONY 8682.6 785.4
11 AJINI SQUARE 10104.7 1422.1
12 CHHATRAPATI SQUARE 11146.3 1041.6
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: Chainage(in Inter Distance
SHND | ST NS mt)g ( Between Two Stations in KM.
13 | JAIPRAKASH NAGAR 118115 661.1
14 UJWAL NAGAR 12846.6 1069.2
15 | AIRPORT 13784.9 1344.1
16 | NEW AIRPORT 16184.4 2783.1
17 | KHAPARI 18460.6 2117.9
DEAD END 19250.0

In the above list it is seen that after NEERI station (old alignment), the line is going
straight along Wardha Road up to Khapri. The alignment along Khamla Road is now
modified to Wardha Road for the reason that earlier it was taken to Airport but now it is
not considered necessary due to likely small ridership from Airport and high construction
cost of Underground section. Hence the ridership has also got modified and given in the
tables 2.32- 2.35. The modified phase-I metro network of Nagpur Metro is shown in fig
2.14
Figure 2.15
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TABLE 2.32 SUMMERY OF RIDERSHIP ON LINE 1 AND LINE 2

BOARDING/RIDERSHIP (DAY) | 2016 | 2021 | 2026 | 2031 | 2036 | 2041
CK)SALF')NRIE) LAUTOMATIVE- 168361 | 185531 | 203720 | 224316 | 248419 | 277704
ON LINE 2(PRAJAPATI-

COKMANY 184081 | 197908 | 215415 | 234577 | 260237 | 286031
TOTAL OF BOTH 352442 | 383439 | 419135 | 458893 | 508656 | 563735
@,&ERAGETR'P LENGTH I 6.419| 6.453| 6.494| 6533| 6.521| 6.522
MAXIMUM PHPDT ON LINE 1| 10089 | 10936 | 11915| 12934 | 14286 | 15729
MAXIMUM PHPDT ON LINE 2 7746 | 8460 | 9154| 9906 | 10748 | 11882
TRIPS WITHIN LINE 1 104350 | 117025 | 128865 | 141988 | 1581901 | 178897
TRIPS WITHIN LINE 2 120074 | 129402 | 140559 | 152253 | 170010 | 187224
INTERCHANGE TRIP AT

B R A er | 128016 | 137010 | 149710 | 164650 | 180456 | 197612
TOTAL TRIPS 352440 | 383437 | 419134 | 458891 | 508657 | 563733

2.25 DAY BOARDING AND PHPDT

Day boarding on line 1 and line 2 stations estimated for different horizon years are shown

n

table 2.33.
TABLE 2.33 DAY BOARDING ON LINE 1 AND LINE 2 STATIONS
STATION 2016 2021 2026 2031 2036 2041
LINE 1 DAY DAY DAY DAY DAY DAY
AUTOMOTIVE 15529 18254 20941 | 24527 | 27956 | 31977
NARI RD 7241 8893 10080 | 11619 | 13237 | 15415
INDORA 6986 7963 8833 9871 11186 | 12417
KADVI CHK 8031 8978 9851 10874 | 12137 | 13355
GADDI GODAM SQR 1227 1394 1558 1783 2146 2562
KASTURCHAND PARK 10196 10708 12193 | 14285 | 15696 | 17698
ZERO MILE 9096 9566 9967 9764 10436 | 10556
SITABULDI 29382 32953 35866 | 39152 | 42910 | 47138
CONGRESS NAGAR 35551 38283 41307 | 44414 | 48644 | 53355
RAHATE COLONY 8119 8880 9892 10869 | 12261 | 13499
AJNI SQR 5228 5723 6253 6862 7643 8426
CHHATRAPATI SQR 3123 3449 3743 4057 4413 4733
JAIPRAKASH NAGAR 2028 2233 2397 2588 2875 3158
UJWAL NAGAR 3041 3294 3585 3881 4307 4761
AIRPORT 1700 1856 2038 2238 2441 2634
NEW AIRPORT 5474 5888 6393 6927 7488 9614
KHAPARI 16409 17216 18823 | 20605 | 22643 | 26406
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LINE 2 DAY DAY DAY DAY DAY DAY
PRAJAPATI NGR 3308 3542 3763 4011 4265 4528
VAISHNO DEVI CHK 2979 3195 3408 3637 3893 4163
AMBEDKAR CHK 3390 3614 3867 4142 4430 4731
TEL EXCHANGE 11406 11813 12858 | 14015 | 15876 | 18778
CHITAR OLI CHK 9078 9787 10514 | 11341 | 12737 | 14646
AGRASEN CHK 6332 6791 7286 7826 8501 9347
MAYO HOPITAL 4766 5107 5522 5970 8712 10497
NAGPUR METRO ST 21637 24020 26963 | 30459 | 35433 | 40545
NETAJI MKT 23787 24857 27275 | 29958 | 32621 | 34899
JHANSI RANI SQR 17031 17851 19633 | 21844 | 24245 | 26991
INSTT OF ENGNEER 23662 25423 27198 | 28660 | 30460 | 31749
BANK OF INDIA 17778 19226 20676 | 22215 | 23981 | 25584
LAD CHK 3506 3803 4110 4413 4777 5136
DPC OF SCIENCE 9811 10750 11693 | 12714 | 13772 | 14855
SUBHAS NGR 1916 2120 2287 2472 2681 2868
RACHANA 2173 2430 2728 2997 3473 3844
VASUDEV NGR 4818 5356 5826 6326 6921 7449
BANSI NGR 3083 3441 3771 4121 4491 4850
MAHINDRA&MAHINDR 4757 5154 5548 5956 6382 6817
LOKMANYA NAGAR 8863 9628 10489 | 11500 | 12586 | 13754

Change about the boarding pattern is also investigated. On line 1, boarding from
Automative to Kasturba Chk is increased from 49663 to 56190 (+6557), from Zero mile
to Congress Nagar is increased from 69791 to 80802 (+11011), from Rahate Colony to
Khapri is increased from 43917 to 48539 (+4622). Total increase is 22190.

On line 2,boarding from Prajapati to Agrasen Chowk is increased from 33791 to 38742
( +4951), from Mayo Hospital to Netaji Market boarding is decreased from 75299 to
53984 (-21315), from Jhansi Rani Sqr to DPC of science boarding is increased from
68489 to 77053 (+8564) and from Subhash Nagar to Lokmanya Nagar boarding is
increased from 21449 to 28129 (+6680). Increase of boarding at Sitabuldi is 5315 and
decrease at Netaji Market is 4646.

PHPDT on line 1 is increased from 8526 to 10936 (between Sitabuldi and Congress
Nagar) while on line 2 PHPDT is decreased from 8992 to 7970 (between Netaji Market
and Nagpur Railway Station) as this stretch will not be used by line 1 passengers as in
old alignment. Maximum PHPDT on line 2 is between Institute of Engineers and Bank
of India Stations PHPDT is 8460 (old alignment PHPDT was 7462 on this stretch).
Interchange trip is increased from 53879 to 68505 (one way).
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It is seen that in old alignment (via Khamla Road) case, trips from line 1 were diverting
to line 2 via Sitabuldi-Netaji Market interchange and in new alignment (via Wardha
Road) trips are going straight to Sitabuldi and beyond due to change of influenced
zones. Hence this dip of PHPDT on this stretch is expected. The stretches on line 1
from Zero mile to Sitabuldi and on line 2 from Meyo Hospital to Netaji Market are
parallel with average distance between them is 0.8 km. Traffic zones falling in this area
are commercial and office zones including Nagpur rail station.

PHPDT load on line 1 (from Automative to Khapri) is given in table 2.34.

TABLE 2.34 LINE 1 PHPDT FROM AUTOMATIVE TO KHAPRI

STATION STATION 2016 | 2021 | 2026 | 2031 | 2036 | 2041
AUTOMOTIVE NARI RD 2561 | 3010 | 3453 | 4045 | 4611 | 5274
NARI RD INDORA 3754 | 4476 | 5115 | 5960 | 6792 | 7815
INDORA KADVI CHK 4885 | 5767 | 6547 | 7562 | 8609 | 9833
KADVI CHK Ségm GODAM 1 6039 | 7042 | 7945 | 9098 | 10325 | 11719
GADDI GODAM | KASTURCHAND
SOR ok 6059 | 7021 | 7914 | 9092 | 10333 | 11743
*;QETKURCHAND ZERO MILE 7326 | 8313 | 9379 | 10804 | 12132 | 13724
ZERO MILE SITABULDI 8272 | 9225 | 10297 | 11631 | 13002 | 14572
SITABULDI CORGR=0y 10089 | 10936 | 11915 | 12934 | 14286 | 15729

NAGAR
CONGRESS RAHATE
N AL 5288 | 5728 | 6305 | 6918 | 7688 | 8477
RAHATE
AL AJNI SOR 4513 | 4876 | 5338 | 5854 | 6476 | 7149
AJNI SQR gggATRAPAT' 3035 | 4241 | 4641 | 5084 | 5607 | 6185
CHHATRAPATI | JAIPRAKASH
SOR PN 3561 | 3822 | 4185 | 4590 | 5070 | 5608
JAIPRAKASH UJJWAL NAGAR | 3289 | 3520 | 3861 | 4241 | 4680 | 5179
NAGAR
UJWAL NAGAR | AIRPORT 2039 | 3136 | 3441 | 3787 | 4177 | 4624
AIRPORT NEW AIRPORT | 2735 | 2011 | 3193 | 3513 | 3878 | 4302
NEW AIRPORT | KHAPRI 2140 | 2267 | 2489 | 2748 | 3049 | 3660
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PHPDT load on line 2 (from Prajapati nagar to Lokmanya nagar) is given in table 2.35.

TABLE 2.35 LINE 2 PHPDT FROM PRAJAPATI NAGAR TO LOKMANYA NAGAR

STATION STATION 2016 | 2021 | 2026 | 2031 | 2036 | 2041
PRAJAPATI NGR \C/ﬁl'fHNo DEVI 481 | 517 | 549 585 | 621 | 659
VAISHNO DEVI CHK | AMBEDKAR CHK | 903 | 971 | 1033 | 1102 | 1174 | 1250
AMBEDKAR CHK | TEL EXCHANGE | 1378 | 1479 | 1578 | 1685 | 1803 | 1925
TEL EXCHANGE | CHITAR OLICHK | 2919 | 3084 | 3333 | 3607 | 4003 | 4601
CHITAR OLICHK | AGRASEN CHK | 4090 | 4356 | 4703 | 5004 | 5542 | 6330
AGRASEN CHK MAYO HOPITAL | 4843 | 5167 | 5572 | 6037 | 6544 | 7386
MAYO HOPITAL g'TAGPUR METRO | 5,88 | 5649 | 6097 | 6610 | 7540 | 8297
g'TAGPUR METRO | g11A BURDI 7341 | 7970 | 8754 | 9675 | 10748 | 11882
SITA BURDI JHANSI RANI SQR| 6141 | 6691 | 7346 | 8188 | 9050 | 10064
INSTT OF
JHANSI RANISQR | DT OF 4038 | 4486 | 4912 | 5458 | 6001 | 6640
INSTT OF
AR BANK OF INDIA | 7746 | 8460 | 9154 | 9906 | 10716 | 11528
BANK OF INDIA LAD CHK 6114 | 6693 | 7275 | 7898 | 8610 | 9314
LAD CHK DPC OF SCIENCE | 5601 | 6147 | 6684 | 7269 | 7936 | 8588
DPC OF SCIENCE | SUBHAS NGR 4072 | 4472 | 4870 | 5301 | 5808 | 6207
SUBHAS NGR RACHANA 3787 | 4157 | 4530 | 4934 | 5410 | 5871
RACHANA VASUDEV NGR 3494 | 3828 | 4159 | 4527 | 4932 | 5341
VASUDEV NGR BANSI NGR 2714 | 2960 | 3217 | 3504 | 3813 | 4136
MAHINDRA&
BANSI NGR i 2212 | 2400 | 2603 | 2833 | 3082 | 3346
MAHINDRA& LOKMANYA
N o 1435 | 1559 | 1698 | 1862 | 2042 | 2236
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Salient features of the two alternatives are shown in table 2.36.

TABLE 2.36 COMPARISON OF SALIENT FEATURES BETWEEN TWO ALTERNATIVES

(Year 2021)

NEW ALIGNMENT OLD ALIGNMENT
SUMMERY (STRAIGHT ALONG | (ALONG KHAMLA

WARDAHA ROAD) ROAD)
LINE 1 LENGTH 19.250 KM 21.833 KM
LINE 2 LENGTH 18.557 KM 18.266. KM
BOARDING/RIDERSHIP (DAY) YEAR 2021 YEAR 2021
ON LINE 1 (AUTOMATIVE-
MIHAN/KHAPRI ) 185531 163371
ON LINE 2(PRAJAPATI-
LOKMANYA) 197908 199028
TOTAL OF BOTH 383439 362399
AVERAGE TRIP LENGTH IN KM 6.453 6.284
MAXIMUM PHPDT ON LINE 1 10936 8526
MAXIMUM PHPDT ON LINE 2 8460 8992
TRIPS WITHIN LINE 1 117025 109036
TRIPS WITHIN LINE 2 129402 144695
INTERCHANGE TRIP AT

1

SITABULDI-NETAJI MARKET 137010 08668
AVERAGE TRIP LENGTH IN KM 6.45 5.78

It is observed that ridership wise there shall be no loss (rather a net gain of 22190 trips).
On line-1 maximum PHPDT will increase but on line 2 maximum PHPDT will be on
another link. Maximum PHPDT will decrease on previous link (old alignment) due to shift
of boarding from line 2 to line 1 in the CBD area as explained before. Some trips from/to
Khamla side (stations from Dev Nagar to Old Airport) will now use line-1 stations from
Chhatrapati Square to Airport. In 2021, average trip length will be 6.45 km for new
alignment as against of 5.78 km in old alignment. Length of line-1 will decrease by
around 2.5 km and also there will be cost reduction due to avoidance of the underground
portion. Original alignment of line 1 was planned on the assumption of full development
Mihan Industrial Area, Cargo Hub and International Airport and if these projects are not
completed in time, original alignment of line 1 via old air port may not be so useful and
economically not viable. Hence pragmatically speaking, the new alignment of line-1 is
better.
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Chapter - 3

SYSTEM SELECTION

3.1 GENERAL
The population growth in cities and urban centres has put a lot of pressure on the
infrastructure of these cities. In rapidly developing countries like India the urban
infrastructure is stretched to limit and requires very effective solutions. The rapid
development in India is not unprecedented and such development earlier took place in
several nations of Europe, America and in Japan. So several modes of urban mass
transit are now available for solution to the problem of Urban Transit in Nagpur.

L&T Ramboll Consulting Engineers Limited had carried out the Comprehensive
Traffic and Transportation Study and prepared Transportation Master Plan for
Nagpur city commissioned by NMC. As a part of study they also recommended four
Metro Corridors which have been discussed in Chapter-1 of this DPR..

3.2 BENEFITS OF MASS TRANSPORT SYSTEM

The main benefits addressed by mass transport are the mobility and freedom. The
sustainability of mass transport has greater potential and major benefits occur through
immediate means of helping the environment and conserving energy. In developing
countries, like India, benefit through mass transit systems extend to urban poor with
affordable fare structure when compared with costs incurred by private transportation on
fuels, parking, congestion etc. The supply of planned and integrated mass public
transport is the only way to relieve traffic congestion and reduce hours of delay on major
travel corridors. Moreover, supply of metro rail system in Nagpur urban complex will
mean a lot in terms of sustainable means of transport that meets the mobility and
accessibility needs of people.
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3.3 METRO SYSTEM WORLD WIDE

Metro system is used in metropolitan areas to transport large number of people at high
frequency. Rapid transit evolved from railways during the late 19th Century. The first
system opened was the Metropolitan Railway (London) which connected most of the
main railway termini around the city. The technology swiftly spread to other cities in
Europe and then to United States and other parts of the world. At present, more than
160 cities have built rapid transit systems, and about twenty five have new systems
under construction. The system is seen as an alternative to an extensive road transport
system with many motorways. The capital cost is high, with public financing normally
required.

India is experiencing a rapid growth in both population and rate of urbanisation. Travel
demand is increasing by 5% annually on average, leading to sharp increase in personal
vehicles and overwhelming the limited transport infrastructure. A need was therefore felt
to develop mass rapid transit systems in metro cities of India to reduce the burden on
normal railways as well as road transport service providers. Major cities were facing a
situation of rising population and increasing vehicles which had led to problems like
congestion and pollution. To overcome these problems, Indian Railways took an initiative
towards development of urban mass transit system by starting metro rail. Metro rail
systems are operational in Delhi, Kolkata and Bangalore. Metro projects are taken in
various cities like, Mumbai, Chennai, Hyderabad, Jaipur, Kolkata, Kochi.

A summary of metro network developed worldwide is given below in Table 3.1.
Table 3.1: Spread of World Metro Rail Systems

Network Daily
City Country Continent | Commencement | Length | Ridership
(km) (million)

Adana Turkey Asia 18-Mar-09 135
Amsterdam Netherlands Europe 16-Oct-77 32.7 0.233
Ankara Turkey Asia 30-Aug-96 23.1 0.31
Antwerp Belgium Europe 25-Mar-75 7.6
Athens Greece Europe 1954 52.0 0.937
Atlanta USA America 30-Jun-79 79.2 0.0932
Baku Azerbaijan Asia 6-Nov-67 32.9 0.482
Baltimore USA America 21-Nov-83 24.5 0.0356
Bangkok Thailand Asia 5-Dec-99 74.9 0.564
Barcelona Spain Europe 30-Dec-24 119.4 11
Beijing China Asia 1-Oct-69 337.0 3.99
Belo Horizonte Brazil America 1-Aug-86 28.1
Berlin Germany Europe 18-Feb-02 147.4 1.39
Bielefeld Germany Europe 21-Sep-71 5.2
Bilbao Spain Europe 11-Nov-95 40.6 0.238
Bochum Germany Europe 26-May-79 215
Bonn Germany Europe 22-Mar-75 9.0
Boston USA America 1 Sep 1897 60.5 0.4
Brasilia Brazil America 31-Mar-01 42.0 0.0438
Brussels Belgium Europe 20-Sep-76 32.2 0.364
Bucharest Romania Europe 16-Nov-79 67.7 0.304
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Network Daily
City Country Continent | Commencement | Length | Ridership
(km) (million)

Budapest Hungary Europe 2 May 1896 33.0 0.814
Buenos Aires Argentina America 1-Dec-13 48.1 0.789
Buffalo USA America 18-May-85 8.4
Bursa Turkey Asia 19-Aug-02 25.4
Busan South Korea Asia 19-Jul-85 95.0 0.704
Cairo Egypt Africa 27-Sep-87 65.5 1.92
Caracas Venezuela America 27-Mar-83 60.5 1.25
Catania Italy Europe 27-Jun-99 3.8
Changchun China Asia Oct-02 17.0
Charleroi Belgium Europe 21-Jun-76 17.5
Chengdu China Asia 27-Sep-10 18.5
Chennai India Asia 19-Oct-97 27.0
Chiba Japan Asia 28-Mar-88 155
Chicago USA America 6 Jun 1892 166.0 0.542
Chongging China Asia 18-Jun-05 19.5
Cleveland USA America 15-Mar-55 31.0 0.0137
Cologne Germany Europe 11-Oct-68 45.0
Copenhagen Denmark Europe 19-Oct-02 21.0 0.126
Daegu South Korea Asia 26-Nov-97 53.9 0.301
Daejeon South Korea Asia 16-Mar-06 22.6 0.0795
Dalian China Asia 1-May-03 49.0
Delhi India Asia 24-Dec-02 187.3 0.838
Detroit USA America Jul-87 4.8
Dnepropetrovsk Ukraine Europe 29-Dec-95 7.1 0.0384
Dortmund Germany Europe 17-May-76 29.5
Dubai United Arab Emirates | Asia 9-Sep-09 52.1
Duesseldorf Germany Europe 4-Oct-81 9.6
Duisburg Germany Europe 11-Jul-92 14.3
Edmonton Canada America 22-Apr-78 20.4
Essen Germany Europe 5-Oct-67 20.2
Frankfurt Germany Europe 4-Oct-68 20.5
Fukuoka Japan Asia 26-Jul-81 29.8 0.34
Gelsenkirchen Germany Europe 1-Sep-84 55
Genoa Italy Europe 13-Jun-90 52
Glasgow United Kingdom Europe 14 Dec 1896 10.4 0.0411
Guadalajara Mexico America 1-Sep-89 24.0
Guangzhou China Asia 28-Jun-99 231.9 1.85
Gwangju South Korea Asia 28-Apr-04 20.1 0.0466
Haifa Israel Asia 1959 1.8
Hamburg Germany Europe 1-Mar-12 100.7 0.518
Hanover Germany Europe 28-Sep-75 18.6
Helsinki Finland Europe 3-Aug-82 21.0 0.156
Hiroshima Japan Asia 20-Aug-94 18.4 0.0493
Hong Kong China Asia 1-Oct-79 188.1 3.62
Incheon South Korea Asia 6-Oct-99 29.5 0.2
Istanbul Turkey Europe 16-Sep-00 16.9 0.186
Izmir Turkey Asia 22-May-00 115 0.0822
Jacksonville USA America 30-May-89 6.9
Kamakura Japan Asia 3-Mar-70 6.6
Kaohsiung Taiwan Asia 9-Mar-08 42.7 0.0822
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Network Daily
City Country Continent | Commencement | Length | Ridership
(km) (million)

Kazan Russia Europe 27-Aug-05 10.9 0.0192
Kharkov Ukraine Europe 23-Aug-75 374 0.762
Kiev Ukraine Europe 22-Oct-60 63.7 1.76
Kitakyushu Japan Asia 9-Jan-85 8.8
Kobe Japan Asia 13-Mar-77 30.6 0.332
Kolkata India Asia 24-Oct-84 22.6 0.474
Kryvyi Rih Ukraine Europe 26-Dec-86 18.0
Kuala Lumpur Malaysia Asia 16-Dec-96 64.0 0.299
Kyoto Japan Asia 1-Apr-81 31.3 0.345
Las Vegas USA America 15-Jul-04 6.2
Lausanne Switzerland Europe 24-May-91 13.7
Lille France Europe 25-Apr-83 45,5 0.203
Lima Peru America 13-Jan-03 10.0
Lisbon Portugal Europe 29-Dec-59 41.0 0.488
London United Kingdom Europe 10 Jan 1863 408.0 2.99
Los Angeles USA America 30-Jan-93 59.3 0.129
Ludwigshafen Germany Europe 29-May-69 4.0
Lyon France Europe 28-Apr-78 30.7 0.499
Madrid Spain Europe 17-Oct-19 286.3 1.78
Manila Philippines Asia 1-Dec-84 51.5 0.948
Maracaibo Venezuela America 8-Jun-09 6.5
Marseille France Europe 26-Nov-77 21.8 0.159
Mecca Saudi Arabia Asia 13-Nov-10 18.1
Medellin Colombia America 30-Nov-95 28.8 0.425
Mexico City Mexico America 5-Sep-69 201.7 3.88
Miami USA America 21-May-84 36.0 0.0493
Milan Italy Europe 1-Nov-64 79.4 0.899
Minsk Belarus Europe 26-Jun-84 30.3 0.718
Monterrey Mexico America 25-Apr-91 31.5
Montreal Canada America 14-Oct-66 69.2 0.6
Moscow Russia Europe 15-May-35 302.0 6.55
Mulheim Germany Europe 3-Nov-79 9.0
Mumbai India Asia 171.0
Munich Germany Europe 19-Oct-71 94.2 0.962
Nagoya Japan Asia 15-Nov-57 89.0 1.17
Naha Japan Asia 10-Aug-03 12.8
Nanjing China Asia 27-Aug-05 84.7 0.4
Naples Italy Europe 28-Mar-93 31.8 0.0795
New York USA America 27-Oct-04 368.0 4.33
Newark USA America 26-May-35 2.2
Newcastle United Kingdom Europe 7-Aug-80 76.5 0.104
Nizhny Novgorod Russia Europe 20-Nov-85 155 0.0904
Novosibirsk Russia Asia 7-Jan-86 16.4 0.192
Nuremberg Germany Europe 1-Mar-72 34.6 0.315
Oporto Portugal Europe 7-Dec-02 21.7
Osaka Japan Asia 20-May-33 137.8 2.36
Oslo Norway Europe 22-May-66 62.0 0.214
Palma de Mallorca Spain Europe 25-Apr-07 8.3
Paris France Europe 19-Jul-00 213.0 4.05
Perugia Italy Europe 29-Jan-08 3.0
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Network Daily
City Country Continent | Commencement | Length | Ridership
(km) (million)

Philadelphia USA America 4-Mar-07 62.0 0.192
Pittsburgh USA America 3-Jul-85 29
Porto Alegre Brazil America 2-Mar-85 33.8
Poznan Poland Europe 1-Mar-97 6.1
Prague Czech Republic Europe 9-May-74 590.1 1.6
Pyongyang North Korea Asia 6-Sep-73 22.5 0.0959
Recife Brazil America 11-Mar-85 39.7
Rennes France Europe 16-Mar-02 9.0 0.063
Rio de Janeiro Brazil America 5-Mar-79 42.0 0.37
Rome Italy Europe 10-Feb-55 39.0 0.907
Rotterdam Netherlands Europe 10-Feb-68 47.0 0.238
Rouen France Europe 17-Dec-94 2.2
Saint Louis USA America 31-Jul-93 73.4
Saint Petersburg Russia Europe 15-Nov-55 110.2 2.25
Samara Russia Europe 26-Dec-87 10.2 0.0329
San Francisco USA America 11-Sep-72 166.9 0.293
San Juan Puerto Rico America 6-Jun-05 17.2 0.0247
Santiago Chile America 15-Sep-75 102.4 1.67
Santo Domingo Dominican Republic | America 30-Jan-09 14.5 0.2
Sao Paulo Brazil America 14-Sep-74 69.7 1.93
Sapporo Japan Asia 16-Dec-71 48.0 0.573
Seattle USA America 18-Jul-09 22.2
Sendai Japan Asia 15-Jul-87 14.8 0.159
Seoul South Korea Asia 15-Aug-74 286.9 5.61
Seville Spain Europe 2-Apr-09 18.0
Shanghai China Asia 10-Apr-95 423.0 3.56
Shenyang China Asia 27-Sep-10 27.8
Shenzhen China Asia 28-Dec-04 69.1 0.362
Singapore Singapore Asia 7-Nov-87 129.7 1.81
Sofia Bulgaria Europe 28-Jan-98 18.0 0.0795
Stockholm Sweden Europe 1-Oct-50 105.7 0.841
Stuttgart Germany Europe 10-Jun-66 24.0
Sydney Australia Oceania 1926 22.1
Taipei Taiwan Asia 28-Mar-96 100.8 1.27
Tama Japan Asia 27-Nov-98 16.0
Tashkent Uzbekistan Asia 6-Nov-77 36.2 0.195
Thilisi Georgia Asia 11-Jan-66 26.3 0.252
Tehran Iran Asia 21-Feb-00 66.0 1.26
The Hague Netherlands Europe 16-Oct-04 27.9
Tianjin China Asia 28-Mar-04 72.0 0.0411
Tokyo Japan Asia 30-Dec-27 304.5 8.7
Toronto Canada America 30-Apr-54 71.3 0.762
Toulouse France Europe 26-Jun-93 27.5 0.115
Turin Italy Europe 4-Feb-06 9.6
Valencia Venezuela America 18-Oct-06 6.2 0.0493
Valencia Spain Europe 3-Oct-88 31.8
Valparaiso Chile America 23-Nov-05 43.0
Vancouver Canada America 3-Jan-86 69.5 0.203
Vienna Austria Europe 25-Feb-78 74.6 1.4
Volgograd Russia Europe 5-Nov-84 3.3
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Network Daily
City Country Continent | Commencement | Length | Ridership
(km) (million)
Warsaw Poland Europe 7-Apr-95 22.6 0.345
Washington USA America 27-Mar-76 171.2 0.611
Wuhan China Asia 28-Sep-04 28.0 0.0356
Wuppertal Germany Europe 1-Mar-01 13.3
Yekaterinburg Russia Asia 26-Apr-91 8.5 0.126
Yerevan Armenia Asia 7-Mar-81 12.1 0.0466
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3.5 FAMOUS METRO SYSTEMS:-

London

Delhi Kolkata
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3.6 OPTIONS FOR PUBLIC TRANSPORT SYSTEM

3.6.1 The following systems are mainly available for Urban Mass Transit:

() Metro System: Metro system is a grade separated dedicated system for high
peak hour traffic densities exceeding 40,000 PHPDT. It is characterized by short
distances of stations spaced at 1 km, high acceleration and declaration and
scheduled speeds of 30-35 kmph.

(i) Light Rail Transit: Modern trams-Street Cars running on Rails at grade or
elevated with sharp curves of 24m radius. These are extremely popular and
operating in large number of European countries. Generally the stations are
spaced at 500m to 1 km and have high acceleration and deceleration
characteristics. In most of the countries, they are operating at-grade with
prioritized signaling at road inter-section.

(iii) Sky Train: This is an experimental rail based system under development by
Konkan Railway.

(iv)  Other Rail Based Systems: A number of options are available but have not
been introduced in India. Some of these are very briefly mentioned below:

@) Maglev: This is an advanced Rail based transit system in which Magnetic
Levitation is used to raise the vehicles above the rail surface. Rail wheel
interaction is thus avoided and very high speeds are attainable. Maglev
Levitation can either be due to attractive force or due to repulsive forces.

(b) Linear Induction Motor (LIM) Train: This is also an advanced Rail
based transit system in which propulsion is through a Linear Induction
Motor whose stator is spread along the track. The rotor is a magnetic
material provided in the under frame of train. In the technology the tractive
force is not transmitted through rail-wheel interaction, and so there is no
limitation on account of adhesion. This technology is most appropriate for
turnouts, as the height of the tunnel can be reduced to lower height of
cars.

(v) Monorail: Monorail trains operate on grade separated dedicated corridors with
sharp curves of up to 70m radius. This is a rubber tyred based rolling stock,
electrically propelled on concrete beams known as guide-ways. The system is
extremely suitable in narrow corridors as it requires minimum right of way on
existing roads and permits light and air and is more environmental friendly. This
is prevalent in several countries for traffic densities of over 20,000 PHPDT.

(vi) Bus Rapid Transit System: This system involves operation of buses on a

dedicated corridor (except of traffic integration) at a high frequency to achieve
PHPDT.
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For providing a very high transport capacity say 20,000 PHPDT, about 200 buses
shall be required per hour i.e., at headway of 20 seconds. Such a high PHPDT
can be achieved by providing two lanes of traffic in each direction and elimination
of traffic intersection on the route.

Automated Guide way Transit System: The term is used for systems other
than conventional rail based system on grade separated guide ways. The
system can be rail based or rubber tire based but fully automated guided
systems with driver less operation.

3.6.2 The salient features of the various Transit Systems are summarized as under:-

System

Exterior of Vehicle

LRT (Light Rail Transit)
(elevated)

AGT
(Automated Guide way
Transit)

Straddle type Monorail

e

Itis a transport system that ru

on the exclusive beam slab
track mainly built over highways.

It is a new transp

runs on the exclusive track built
on elevated structure with
lightweight vehicle.

It is a new transport system that
runs straddling on the exclusive
beam track mainly built over
highways.

Rolling stock
Length (m) 30.0 (articulated type)
Width (m) 25
Height (m) 3.7
Number of doors 3
Wheel arrangement 2.2.2
Weight (tare) (ton) 44
Axle load (max) 10tf

Type of car load

Concentrated load

Concentrated load

Concentrated load

Running gear and track
structure

Traction system

Rotary Motor and steel wheel

Rotary Motor and rubber tire

Rotary Motor and rubber tire

Brake system

Electric brake and hydraulic
brake

Electric brake and air brake

Electric brake and air brake

Guidance System Steel rail Lateral pinched Guidance Guide Wheel (Rubber)
Power  collector Catenary Conductor rail Conductor rail
Voltage D.C. 750 V A.C. 750 V (three phase) D.C. 1,500 V

Track Steel rail Concrete slab Track beam
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System

LRT (Light Rail Transit)
(elevated)

AGT
(Automated Guide way
Transit)

Straddle type Monorail

Switch

constitution

Switch and crossing

Lateral pinched switch

Flexure track beam

The Operation
Characteristic

Maximum speed 80 km/h 80 km/h 80 km/h
Schedule speed 30 km/h 30 km/h 30 km/h
Minimum curve radius 30m 30m 70m
Maximum gradient 4% 6 % 6 %
Acceleration 3.5km/h/s 3.5km/h/s 3.5km/h/s
Deceleration Service 3.5km/h/s 4.8km/h/s 4.0km/h/s
brake
Emergency brake 4.5km/h/s 6.0km/h/s 4.5km/h/s

Automatic Train
operation

There is few example of it.

It has been developed aiming
for automated operation.
There are many examples of
automated operation
including driverless operation.

There are three cases of ATO
operation in Japan.

Transportation capacity

1 car seat

60 45
standing 90 60

total 150 (30m) 60 (L=9m) 105 (L=15m)
4 car seat 120 180
standing 180 240

total 300 (30m+30m) 360 (6 car L=54m) 420 (L=60m)
8 car seat 240 360
standing 360 480

total 600 (30m+30m+30m+30m) 720 (12 car L=108m) 840 (L=120m)
8 car PHPDT

(170% , headway 2.5
min )

24,480

17,300 (100%)

34,300

It is possible to deal with over
24,480 PHPDT of demand.
(train length 120m)

It is possible to deal with up
to 11,600 PHPDT of demand.
(train length 108m)

It is possible to deal with over
34,300 PHPDT of demand.
(train length 120m)

Structure
Superstructure Concrete slab Concrete slab Track beam
Pier and foundation Concrete Concrete Concrete

Maintainability and cost

Track

In addition to grinding of
surface  of rails, track
maintenance work will require

It has small maintenance of
track.

It has small maintenance of
track.
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AGT
LRT (Light Rail Transit . .
System (Lig ) (Automated Guide way Straddle type Monorail
(elevated) .
Transit)
much time.
Vehicle Maintenance of rotary motor | Maintenance of rotary motor

Maintenance of rotary motor
and grinding of steel wheels
shall be necessary.

and exchange of rubber tires
after every 120,000 km
running shall be necessary.

and exchange of rubber tires
after every 120,000 km
running shall be necessary.

Effect on ambient
surrounding and harmony
with urban landscape

Effect on ambient
surrounding

Its noiseproof wheels make as
small noise as rubber tires
make.

Level Crossing between AGT
and road is not available.
This system, with rubber
tires, makes small noise and
vibration.

Because its running surfaces
are made of concrete slab,
there remain problems like
inhibition of sunshine or radio
disturbance.

This system, with rubber tires,
makes small noise and
vibration.

urban landscape

This system is inferior to other
systems in terms of landscape
because overhead wires for
power collection must be
installed.

Because its superstructure is
made of concrete slab,
oppressing feeling of view is
an issue.

This system is superior to AGT
or LIM Train in terms of
landscape because its
superstructure consists of only
track beams that have small
section.

Emergency evacuation

Evacuation other train (end to
end or side by side)

Evacuation other train (end to
end or side by side)

Evacuation other train (end to
end or side by side)

Walk way

Walk way

Evacuation device

In case of emergency,
supporting vehicles will
engage in rescue activities. If
supporting vehicles cannot do
that, it is possible for
passengers to evacuate to
nearest stations through
evacuation passage by walk.

In case of emergency,
supporting vehicles will
engage in rescue activities. If
supporting vehicles cannot do
that, it is possible for
passengers to evacuate to
nearest stations through
evacuation passage by walk.

In this system, supporting
vehicles are needed for
passengers’ emergency
evacuation, which is of no
matter because this straddle
type system have many actual
performances of running in
Japan and has a established
method for rescue.

Operation cost

Electric energy

2.2kwh/car-km

Rolling stock cost

[ car

7.5 Crors

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013

11/19




S

Chapter 03: System Selection

System

Urban Maglev
(HSST)

Exterior of Vehicle

A ',

It is a new transport system that
runs on the exclusive beam
slab track mainly built over
highways.

Metro/Subway

Bus Rapid transit

t IS Medium to eavy

Transit (HRT) is a specialized
electrically powered rail system
carrying
urban areas,

passengers  within

characterized by use of
exclusive or reserved rights-of-
way (bus ways) that permit
higher speeds and avoidance of
delays from general traffic flows.

Rolling stock
Length (m) 18 (articulated type )
Width (m) 2.0
Height (m) 3.5
Number of doors 2

Wheel arrangement 5 module / car 2-2 or 3-3 Independent Axles
Weight (tare) (ton) 15.0 41 12 to 16

Axle load (max) 2.3tfm 17tfm otf to 15.3tf

Type of car load Uniform load Concentrated |.oad Concentrated load

Running gear and track
structure

Traction system

Linear Induction Motor and
Electromagnetic levitation
system

Rotary Motor and steel wheel

Rubber tyre

Brake system

Electric brake and air brake

Electric brake and hydraulic
brake and Regenerative
brakes

Hydraulic Brakes

Guidance System

Electromagnetic levitation
system

Steel Rail

None/ special guide wheels on
kerbs

Power collector

Conductor rall

Catenary or Conductor rail

Not applicable

Voltage D.C. 1,500 V D.C. 1500V, A.C. 25kv None
Track Ste_el _ rail  (Electromagnetic Steel rail Road
levitation system)
Switch

constitution

Flexure track beam

Switch and crossing

Road Crossings

The Operation
Characteristic

Maximum speed

80 km/h

80 to 100 km/h

80 km/h
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Urban Maglev

System (HSST) Metro/Subway Bus Rapid transit
Schedule speed 30 km/h 35 km/h 20 km/h
Minimum curve radius 50m 100m 12m
Maximum gradient 6 % 6 %

Acceleration 3.5km/h/s 3.5km/h/s
braDkeece'era“O” Semice | 3 skmihs 3.5km/his
Emergency brake 4.5km/h/s 4.5km/h/s
Automatic Train There are cases of ATO | Automatic Train operation No
operation operation in Nagoya Japan.
Transportation capacity
1 car seat 32 75 70
standing 42 125 40
total 74 (L=14m) 200(L=24m) 110(L=18)
4 car seat 128 300
standing 172 500
total 300 (L=56m) 800(L=96m)
8car  seat 256 600
standing 344 1000
total 600 (L=112m) 1600(L=192m)
8 car PHPDT

(170% , headway 2.5
min )

23,100 (max 160%)

50,000

It is possible to deal with over
23,100 PHPDT of demand.
(train length 112m)

It is possible to deal with over
50,000 PHPDT of demand.
(train length 112m)

It is possible to deal with max
6,000 PHPDT of demand.

Structure

Superstructure

Concrete slab

Concrete slab

Roads

Pier and foundation

Concrete

Concrete

Maintainability and cost

Track

It has less maintenance of
track as there is less physical
movement.

It has less maintenance of
track.

It requires maintenance of
roads.

Vehicle

As it has no rotary motor, it is
excellent on maintenance.

Maintenance of rotary motor
and grinding of steel wheels
shall be necessary.

Maintenance of engine and
rubber tyres shall be
necessary.

Effect on ambient
surrounding and harmony
with urban landscape

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013

13/19




S

Chapter 03: System Selection

System

Urban Maglev
(HSST)

Metro/Subway

Bus Rapid transit

Effect on ambient
surrounding

There remain problems like
inhibition of sunshine or radio
disturbance, because its
running surfaces are made of
concrete slab.

This system is noisy due to
steel wheel arrangement

Noise and Pollution Problems

urban landscape

This system is inferior to other
systems in terms of landscape
because overhead wires for
power collection must be
installed.

Because its superstructure is
made of concrete slab,
oppressing feeling of view is
an issue.

This system is inferior to other
systems in terms of landscape
because overhead wires for
power collection must be
installed.

No such issues

Emergency evacuation

Evacuation other train (end to | Evacuation other train (end to | No problems
end or side by side) end or side by side)
Walk way Walk way
In case of emergency, In case of emergency,
supporting vehicles will supporting vehicles will
engage in rescue activities. If engage in rescue activities. If
supporting vehicles cannot do supporting vehicles cannot do
that, it is possible for that, it is possible for
passengers to evacuate to passengers to evacuate to
nearest stations through nearest stations through
evacuation passage by walk. evacuation passage by walk.
Operation cost
Electric energy 2.5kwh/car-km
Rolling stock cost
/ car 6 to 9 Crores Few Lakhs

3.7 CHARACTERISTICS OF URBAN TRANSIT SYSTEM

3.71

Transport Capacity

It is product of passenger carrying capacity of a train and maximum permissible
frequency of train operation. The passenger carrying capacity is determined by number
of cars (units/ coaches), which can be clubbed to form a train and dimensions of each
car. To compare different systems uniform packing density is considered although for
different systems different crush loading may be permissible. The passenger carrying

capacity is dependent on the following:

(@)

Dimensions of vehicle: Length and breadth- useful area. The cars vary from
about 9m to 24m for most of systems. The width varies from 2.5m to 3.6m.
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Passengers per m* The normal to crush loading of most systems varies from 4

No of Cars per train: The cars can be from 1 to 15 for most of the systems and
the train length can be up to 315m.

Table 3.2: Passenger carrying Capacity per Train (typical)
for different Transit Systems

Car Train
Car Size Capacity | No of Train Capacit
S. No Transit System (length ‘m’ x (No. of Cars Length pactty
e . o passenger
breadth ‘m’) passengers| /Train m :
[Train
[car)
. 1400 f
1 Large-type monorail | 15x 3 175 2t0 8 120 00 for
8cars
_ 190 to | 2000 for
2 Heavy Metro Rail 21t024x2.81t03.6 250 81to 15 315 Scars
3 Bus 18x25t03 70 to 100 1to2 18 100 per bus
4 | AGT 9to 13x2.5t03 60 to 120 2to 12 | 108 720
5 |LRT 18* x 2.65 145* 2t08 |72 710*
6 | Maglev 16 x 2.6 170 2108 |128 | 1360for8
cars
(Standee Occupancy rate: 0.14 m*/passenger)
* Smallest combination of modules for an independent LRT
(d) Headway: The headway and frequency of train operation depends on Signaling
and Rolling Stock characteristics viz. control systems, acceleration (tractive
effort) and maximum permissible speed (adhesion). A graph showing the
carrying capacity of different modes and passenger capacity is given below (see
next page):
(e) Train Signaling and Control Systems: The various train Signaling and
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> Automatic Train Protection System (ATP)

Operating headway (main)
10 6 45

L Sub 10 cars/train

/ 4 carsf/train

Large-type monorail

-type monorail |

Example of small type monorail

4 carsf/train

Operating headway: 6 min

/ 2 gars/train H passenger loading capacity : 3,000

hpd
1 cars/train LRT pphp

Bus
1 car

0 1000 2000 3000 5000 10,000 20,000 50,000 100,000

Passenger loading capacity (in term of pphpd)
3.1 Transport Capacity of Different Modes as a Function of Headway

Tractive effort and Acceleration: By increasing the tractive effort and
acceleration it is possible to increase transportation capacity both by improving
the average speed and also by permitting higher frequency of train operation.
The factors influencing tractive effort/ acceleration/ speed are:

Adhesion

Ratio of Motor coaches to trailer coaches

Traction Motor Rating

No of Traction Motors per car

Drive System

VVVVY

eometric Characteristics:

Minimum Radius: Varies from 25m minimum for LRT, 70m for Monorail to
120m for Metro.

Right of Way: The Right of way required for a Grade Separated (elevated)
system is solely determined by the building line provided the piers can be
accommodated on the central verge. For an At Grade system the Right of Way
required is determined by lanes required for motorized/ non motorized vehicles in
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addition to width of road required for the mass transit system. The minimum
right of way required is about 22.5m.
Gradient: Ruling gradient varies from system to system.

Environmental Characteristics Noise:
Rubber tyre on road is less noisy as compared to steel wheels on rails.

Aesthetics-Air and Sunshine: The at grade systems are least restrictive in
exposing the corridors, buildings next to these corridors and people (on these
corridors/ inhabiting buildings next to these corridors) to natural air and sunshine.

The effect of elevated systems on the existing buildings and their inhabitants is
the worst. Comparatively the best system as far as this factor is considered is
underground metro rail system.

Pollution:  All electrically driven systems are better than diesel operated
systems. This is where Rail based systems score over the Road based vehicles.

Graphical comparisons of the most important characteristics which influence selection of
different technologies are depicted in the Figure 3.2 below:-

AN

32

24

1R

Fig-3.2

n0C TR 0300 0= »000

As shown, carrying capacity increases with the speed of the service and the cost to
construct. The rail family can carry more passengers per hour at a faster speed, but
most systems cost more to construct than do bus-based systems.
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3.7.3 Need for a Grade Separated Transit System

a) A large number of inter change points.

b) High vehicular density.

) Excessive congestion and delays on the corridors, especially during peak hours.
d) As the corridors are normally following busy areas of the city, it is not easy to find

the required areas for depots, workshops.

Additional capacity needs to be created on the corridors to accommodate more traffic on
the roads. Mere re-allocation of road space to provide for dedicated bus lanes for public
transport may not serve the purpose due to presence of large number of private
vehicles, which will continue to operate, and whose numbers will continue to rise.

Further presence of large number of inter change points will severely restrict speed of
operation of public transit system employing dedicated lanes. Considering projections of
travel demand on these corridors it is essential to provide grade separated transit
system for these corridors.

In view of levels of services that will be required to meet the travel demand on the
corridors, a fixed guide way, grade separated system is unavoidable.

3.7.4 Discussions on suitability of various modes

The following shows the suitability of various modes of public transport in terms of
parameters.

Table 3.3: Suitability Matrix of Public Transport Modes

(%] n
LS 8% |85 1852 (8c0|53| 5
Mode of transport 22l bs |Y] |23 G |25s|z2| 5
<% 22 | 2 |3 §-(§; 2E ® |0 £ o
O =z ¢ Z c < <
(@] (@]
Metro Rail elevated N X N N N X X
Metro Rail underground X X X X X X X
LRT elevated N X N N N X X
LRT at Grade N N N X X X X
Monorail X X X X X N X
Subway elevated N X N N N X X
AGT elevated X X X N N N X
LIM/Maglev elevated X X X N N N X
Bus At Grade N N N X X N N
Bus Elevated X X X N N N N
N Adverse
X No Adverse Effect
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3.7.5 Feasibility of other systems:
Maglev is an energy guzzler and the AGT is primarily a proprietary system. Sky train is
yet on experimental stages.

3.7.6 LRT and Monorail System:
From traffic point of view LRT and monorail systems appears to be good enough to meet
requirement of traffic.

3.7.7 Feasibility of Metro System for Nagpur:
From the ‘Traffic Demand Forecast’ it can be seen that peak hour peak direction trips
(PHPDT) on the North South Corridor is 7375, 8526, 10987 and 14332 the year of 2016,
2021, 2031 and 2041 respectively. Similarly PHPDT on East West corridor in the year of
2016, 2021, 2031 and 2041 is 8087, 8992, 11755 and 15060 respectively.

Road-based systems can optimally carry up to a maximum of 8,000 PHPDT.
Since the PHPDT assumed on the above corridors exceed 8,000, there can be
two options namely 1) Mono Rail and 2) Light Capacity Metro. Mono rail can
carry the PHPDT projected but this technology is not a tested one. The operation
and maintenance cost is much higher that Light metro. The capital cost of Mono
rail is also almost same as that of Light Metro with no experience of Mono rail in
India. Even in the other countries, the Mono rail is being adopted only for small
lengths and as feeder to Metro. Hence, keeping in view the above
disadvantages, it is recommended to adopt an stable, tested and reliable Metro
technology. However, for Nagpur it will be Light Capacity Metro System.
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Chapter - 4

GEOMETRIC DESIGNING PARAMETERS AND
ALIGNMENT DESCRIPTION

4.1 GENERAL
This chapter deals with geometrical standards adopted for horizontal and vertical
alignments, route description, etc. The proposed corridors under Nagpur Metro Rail
Project network will consist of Standard Gauge (SG) lines. For underground corridors,
track centres are governed by spacing of tunnels and box design.

The geometrical design norms are based on international practices adopted for similar
metro systems with standard gauge on the assumption that the maximum permissible
speed on the section is limited to 80kmph. Planning for any higher speed is not
desirable as the average inter-station distance is about 1.30km and trains will not be able
to achieve higher speed.

The elevated tracks will be carried on box-shaped elevated decking supported by single
circular piers, generally spaced at 25-m centres and located on the median of the road.
The horizontal alignment and vertical alignment are, therefore, dictated to a large extent
by the geometry of the road and ground levels followed by the alignment.

The underground tracks will be carried in separate tunnels to be drilled by Tunnel Boring
Machine. Stations will, however, be constructed by cut and cover method.

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

4.2.1 Horizontal Alignment
As far as possible, the alignment follows the existing roads. This leads to introduction of
horizontal curves. On consideration of desirable maximum cant of 110 mm and cant
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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 sections minimum radius of 160 m has been used at one
location having speed potential upto 40 km/h. However in underground section desirable
minimum radius of curve shall be 300 m for ease of working of Tunnel Boring Machine
(TBM). However in exceptional situation on this project, curves of 200 m radius (safe
speed of 55 km/h) have been adopted where New Austrian Tunneling Machine (NATM)
shall be used.

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

Horizontal Curves

Description Underground Elevated
P Section Section
Desirable Minimum radius 300 m 200 m
Absolute minimum radius 200 m (only c/c) 120 m
Minimum curve radius at stations 1000 m 1000 m
Maximum permissible cant (Ca) 125 mm 125 mm
Maximum desirable cant 110 mm 110 mm
Maximum cant deficiency (Cd) 85 mm 85 mm

4.2.2 Transition Curves

It is necessary to provide transition curves at both ends of the circular curves for smooth
riding on the curves and to counter act centrifugal force. Due to change in gradients at
various locations in the corridor, it is necessary to provide frequent vertical curves along
the alignment. In case of ballast less track, it is desirable that the vertical curves and
transition curves of horizontal curves do not overlap. These constraints may lead to
reduced lengths of transition curves at certain locations. The transition curves have
certain minimum parameters:

e Length of Transitions of Horizontal curves (m)

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

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

e Overlap between transition curves and vertical curves not allowed.

¢ Minimum straight between two Transition curves (in case of reverse curves): either
25 m or Nil.

¢ Minimum straight between two Transition curves (in case of same flexure curves):
either 25 m or both curves should be converted in to the compound curve by
introducing single transition between the two circulars.

e Minimum curve length between two transition curves: 25 m
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4.2.3 Vertical Alignment and Track Centre

(a) Elevated Sections

The viaducts carrying the tracks will have a vertical clearance of minimum 5.5 m
above road level. For meeting this requirement with the ‘Box’ shaped pre-stressed
concrete girders, the rail level will be about 9.8 m above the road level. However,
at stations which are located above central median, the rail level will be 13.5 m
above the road level with concourse at mezzanine. These levels will, however, vary
marginally depending upon where the stations are located.

The track center on the elevated section is kept as 4.1 m uniform throughout the
corridor to standardize the superstructure, except at few locations, wherever
scissors crossovers are planned, it is kept 4.5 meter.

(b) Underground sections

()

(d)

()

Rail level at midsection in tunneling portion shall be kept at least 12.0 m below the
ground level. At stations, the desirable depth of rail below ground level is 13.5 m,
so that station concourse can be located above the platforms.

Track center in underground sections are follows:

Sections where stations are to be constructed

by cut & cover and running section by TBM to

Accommodate 12 m wide platform : 15.05 m (for
lesser width of platform, track center to be reduced. )

Sections where stations are to be constructed

by NATM and running section by TBM to facilitate

Construction of stations : 22.00 m
Sections where stations as well as running section

both are to be constructed by cut and cover method : 450m
Gradients

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

Vertical Curves

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

. On main line (desirable) : 2500 m

(Absolute minimum) : 1500 m
o Other Locations : 1500 m
. Minimum length of vertical curve : 20m
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4.2.4 Design Speed
The maximum sectional speed will be 85 km/h. However, the applied cant, and length of
transition will be decided in relation to normal speeds at various locations, as determined
by simulation studies of alignment, vertical profile and station locations. Computerized
train simulation studies need to be conducted with proposed gradients at the time of
detailed design stage. This is with the objective of keeping down the wear on rails on
curves to the minimum.
Table 4.1: Cant, Permitted Speed & Minimum Transition Length for Curves

MAXIMUM MINIMUM DISTANCE BETWEEN
RADIUS CANT PERMISSIBLE ADJACENT TESIS\T:TED AND
SPEED UNDERGROUND AT-GRADE
meters mm kmph mm Mm
3000 15 80 3500 3650
2800 15 80 3500 3650
2400 20 80 3500 3650
2000 20 80 3500 3650
1600 25 80 3500 3650
1500 30 80 3500 3650
1200 35 80 3500 3650
1000 45 80 3500 3700
800 55 80 3550 3700
600 70 80 3550 3750
500 85 80 3600 3750
450 95 80 3600 3800
400 105 80 3650 3800
350 110 75 3650 3800
300 110 70 3700 3850
200 110 55 3800 3950
150* 110 45 4000 4050
150* 0 30 4000 4050
120* 110 40 4000 4150
120* 0 25 4000 4150
100" 110 40

Notes: (a) The track spacing is without any column/structure between two tracks and
is with equal cant for both outer and inner tracks.

(b)  Track spacing shown is not applicable to stations which should be
calculated depending on specific requirement.

(c)  Figures for any intermediate radius of curvature may be obtained by
interpolating between two adjacent radii. For higher radii, values may be
extrapolated.

4.2.5 Station Locations
Stations have been located so as to serve major passenger destinations and to enable
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convenient integration with other modes of transport. However effort has also been made
to propose station locations, such that inter station distances are as uniform as possible.
The average spacing of stations is close to 1.2 km.

4.3 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 vibrations. The track structure has been proposed keeping the above philosophy in
view.
Two types of track structures are proposed for the corridors under Nagpur Metro Rail
Project network. The normal ballasted track in Depot (except inside the Workshops,
inspection lines and washing plant lines). The ballastless track is recommended on
Viaducts and inside tunnels as the regular cleaning and replacement of ballast at such
locations will not be possible.
For the depots, ballasted track is recommended as ballastless track on formation is not
suitable due to settlement of formations. Ballastless track in depot is required inside the
workshop, on inspection lines and washing plant lines.
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.

4.4 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-12-2009. As these rails are not manufactured in India at
present, these are to be imported. For the Depot lines, the rails of grade 880 are
recommended, which are available indigenously.

4.5 BALLASTLESS TRACK ON MAIN LINES
On the viaducts, it is proposed to adopt plinth type ballastless track structure with RCC
derailment guards integrated with the plinths. Further, it is proposed to adopt fastening
system complying to performance criteria laid down by Indian Railways on ballastless
track structures, with a base-plate spacing of 60 cm. on viaducts.

In the underground sections, similar track structure with a base plate spacing of 70 cm
is proposed on slab after 1% stage concrete.

4.6 BALLASTLESS/BALLASTED TRACK IN DEPOT
The ballastless track in Depot may be of the following types:
. Supported on steel pedestal for inspection lines.
. Embedded rail type inside the Workshop.
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. Plinth type for Washing line.
o Track is to be laid on PRC sleepers with sleeper spacing of 65 cm. All the rails
are to be converted into rail panels by doing flash butt/Thermit welding.

TURNOUTS
All turn-outs/crossovers on the main lines and other running lines shall be as under:

Table 4.2: Turn-Outs

S. No. Description Turn out Type
01 Main Line 1in9
02 Depot/Yard Lines lin7

BUFFER STOPS

On main lines and Depot lines, friction buffer stops with mechanical impact absorption
(non-hydraulic type) will be provided. In elevated portion, the spans on which friction
buffer stops are to be installed will be designed for an additional longitudinal force,
which is likely to be transmitted in case of Rolling Stock hits, the friction Buffer Stops.

RAIL STRUCTURE INTERACTION

For continuing LWR/CWR on Viaducts, the elevated structures will 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) required to be provided.

ROUTE ALIGNMENT
Two Corridors have been identified for implementation in phase | of Nagpur Metro Rail
Project network as per details given underneath:-

i) Automotive Square to KHAPRI
i)  Prajapati Nagar to Lokmanya Nagar

The main features of these corridors along with the details of route alignment have
been described below:-

Alignment from Automotive Square to KHAPRI

This corridor originates from Automotive Square on Kamptee Road; move along
Kamptee Road and reach the intersection point of Amravati Road and Vardha Road,
then after crossing Fly Over moves towards Munje Square, moves towards Dhantoli
and along nala moves towards Empire/Dr Munje Marg, leads towards Congress Nagar
T-Point, then on Rahate Colony Road and then falls on Wardha Road, leads towards
NEERI, then moves along Wardha Road and then west of Railway Track in MIHAN
area. And passes through 14m wide stretch of land between the railway boundary line
and the road near proposed Container Depot.

There are 17 Statuions proposed on this alignments.
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4.10.2 Prajapati Nagar to Lokmanya Nagar

This Corridor originates from Prajapati Nagar (meeting point of CA Road and Ring
Road), then along Central Avenue Road moves towards Vaishno Devi Chowk, then
Mayo Hospita and then takes left turn towards Nagpur Station Entry on Railway Feeder
Road, then on Ghat Road alignment takes right turn and crosses over box culvert on
existing railway line and falls on State Highway 255, Then after crossing Wardha Road
alignment moves along North Ambajharee Road upto Ambajharee Lake and takes left
State Highway 255, Then falls on Hingna Road and moves towards Lokmanya Nagar.
There are 19 Stations proposed on this alignments.

4.10.3 Main features of Alignment from Automotive Square to KHAPRI (North-South
Corridor)

Main features of Alignment from Automotive Square to KHAPRIare detailed below:

a) This corridor provides direct metro connectivity to Automotive Square, RBI,
Vidhan Sabha, NIT, Zero Mile, Nagpur University, Sitaburdi, Yashvant Stadium,
Central Jai, NEERI, Wardha Road, Chhatrapati Shivaji Chowk, Airport, Khapri,
MIHAN. Many other prominent places and Government offices are covered in
this Corridor.

b) Corridor is integrated with East West corridor at Sitaburdi and this integration
provides metro connectivity to new development at Lokmanya Nagatr.

c) Corridor integrates with other modes of transport. Bus Terminus near Jhansi
Chowk .

d) Entire length (19.658 Km.) of this corridor is proposed as elevated except in 4.6
Km at grade after Airport Station and in MIHAN area near Khapri Railway
Station.

e) Total 17 stations have been proposed on this corridor; out of these stations 15
stations are elevated and remaining 2 stations are at grade..

f) Future extension of corridor in both directions is feasible.

4.10.4 Main features of Alignment from Prajapati Nagar to Lokmanya Nagar (East-West
Corridor)
Main features of Alignment from Prajapati Nagar to Lokmanya Nagar are detailed
below

a) This corridor provides direct metro connectivity to Central Avenue Road and
North Ambajharee Road. This corridor covers many important location like
Vardhman Nagar, Mangalwari, Mayo Hospital, Nagpur Railway Station, Santara
Market, Sitaburdi, Jhansi Rani Chowk, LAD Square, Ambajharee Lake, Hingha
Road, Lokmanya Nagar.

b) Corridor is integrated with North South corridor at Sitaburdi and through that
integration prominent location falling on NS Corridor get connected.
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c) Corridor integrates with other modes of transport such as Bus Stand near
Jhansi Rani Square and Nagpur railway station

d) Entire length of this corridor is proposed as elevated.

e) There are total 19 stations on this corridor and all are elevated.

411 TECHNICAL FEATURES
4111 Automotive Square to KHAPRI (North-South Corridor)
(a) Horizontal Curves :Horizontal curve details are as per the table below :
Table 4.3: Statement of Horizontal Curves (North-South Corridor)
Sl Direction Radius Deflection Angle UIEIERET Tangent Sl C-I:-L?:sle S Remarks
No Length Length Length between
Start of
DM S Alignment
-408.17

1 Right | 1002.05 15 53 53.325 25 | 25 | 139.921 278.044 | 328.044 123.879
2 Left 1002.05 04 15 34.281 25 25 37.265 74.495 124.495 94.245
3 Left 5002.05 00 27 08.585 15 | 15 19.747 39.494 69.494 269.95
4 Right | 9002.05 00 11 27.395 15 | 15 15 30 60.000 339.022
5 Right | 3002.05 00 42 36.030 20 | 20 18.601 37.201 77.201 544.771
6 Left 3502.05 00 30 04.329 15 | 15 15.317 30.635 60.635 367.154
7 Left 1002.05 06 45 54.827 25 | 25 59.228 118.318 | 168.318 301.632
8 Right 232.05 06 16 17.226 54 | 54 12.712 25.4 133.400 86.568
9 Left 422.05 03 26 24.925 50 | 50 12.675 25.341 125.341 148.858
10 Left 252.05 08 29 03.979 40 | 40 18.696 37.324 117.324 238.516
11 Right | 1002.05 12 49 33.520 25 | 25 | 112.628 224314 | 274314 307.758
12 Left 1402.05 01 08 18.096 25 | 25 13.929 27.856 77.856 158.651
13 Left 202.05 08 02 56.113 55 | 55 14.215 28.384 138.384 87.306
14 Left 1002.05 13 02 11.452 25 | 25 | 114.493 227.997 | 277.997 27.26
15 Left 1502.05 01 14 10.942 20 | 20 16.207 32.412 72.412 138.678
16 Right | 1602.05 00 59 35.134 20 | 20 13.884 27.768 67.768 412.871
17 Left 352.05 04 52 14.818 50 | 50 14.973 29.928 129.928 54.485
18 Right 1002.05 06 40 35.630 25 25 58.45 116.767 166.767 77.21
19 Left 502.05 05 45 16.536 40 | 40 25.233 50.424 130.424 316.656
20 Left 182.05 27 01 23.322 55 | 55 43.745 85.863 195.863 27.279
21 Right 202.05 12 35 59.711 40 | 40 22.306 44.433 124.433 26.194
22 Left 1002.05 02 06 31.401 25 | 25 18.442 36.88 86.880 98.957
23 Left 172.05 27 05 31.584 50 | 50 41.452 81.353 181.353 0
24 Right 172.05 78 39 13.695 50 | 50 | 140.956 236.185 | 336.185 333.31
25 Left 1002.05 05 59 38.020 25 | 25 52.462 104.828 | 154.828 140.502
26 Right 162.05 66 12 09.831 55 | 55 | 105.645 187.242 | 297.242 121.779
27 Left 162.05 30 15 35.895 55 | 55 43.815 85.584 195.584 148.782
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Sz Direction Radius Deflection Angle lEr Tangent iz C-I:-L?:\?le Siril Remarks
No Length Length Length between
28 Left 172.05 19 52 02.909 50 | 50 30.132 59.659 159.659 166.886
29 Right 1202.05 0117 56.100 25 25 13.626 27.251 77.251 397.271
30 Right | 6002.05 00 19 34.888 20 | 20 17.094 34.188 74.188 317.309
31 Left 1502.05 05 42 54.796 25 | 25 74.976 149.829 | 199.829 235.665
32 Left 552.05 02 41 59.255 50 | 50 13.009 26.013 126.013 0
33 Right 522.05 02 49 13.936 50 | 50 12.852 25.699 125.699 579.688
34 Right 552.05 03 36 42.328 50 | 50 17.406 34.8 134.800 0
35 Left 552.05 03 31 51.745 50 50 17.016 34.022 134.022 226.15
36 Left 3002.05 00 48 18.068 20 | 20 21.09 42.179 82.179 1733.186
37 Right 30002.05 00 03 22.518 10 10 14.728 29.457 49.457 435.34
38 Right 232.05 16 10 34.304 55 | 55 32.976 65.514 175,514 0
39 Left 262.05 07 11 41.399 55 55 16.475 32.907 142.907 437.137
40 Left 402.05 08 05 13.876 50 50 28.421 56.749 156.749 322.908
41 Right 402.05 09 15 09.718 55 55 32.534 64.927 174.927 125.738
42 Left 1002.05 03 00 14.782 25 25 26.276 52.539 102.539 313.763
43 Right 1002.05 01 56 22.429 25 25 16.962 33.921 83.921 169.615
44 Left 1502.05 01 19 49.060 25 25 17.438 34.875 84.875 476.925
45 Right 3002.05 00 31 05.547 20 20 13.576 27.152 67.152 436.794
46 Right | 5002.05 00 37 06.348 15 | 15 26.995 53.99 83.990 409.015
47 Right 1002.05 06 27 04.991 25 25 56.474 112.829 162.829 112.905
48 Left 202.05 08 30 29.460 45 | 45 15.029 30.004 120.004 0
49 Right 402.05 05 55 36.776 40 | 40 20.813 41.59 121.590 460.532
50 Left 1002.05 03 02 09.968 25 | 25 26.556 53.099 103.099 0
51 Right 1002.05 03 3502.177 25 25 31.35 62.68 112.680 591.009
52 Left 1002.05 04 41 31.197 25 25 41.052 82.059 132.059 467.894

End of
alignment
53 Left 1002.05 02 35 16.664 25 25 22.634 45.261 95.261 101.752 19250
Abstract of Horizontal Curves( N-S Corridor)
S. No. Radius (m) Nos. Curved % w. r. t. total curved
Occurrences Length (m) length
1 >160m -200m 9 1748.707 24.10%
2 >200m - 500m 10 1408.104 19.41%
3 >500m - 19 2894.656 39.89%
1000m
>1000m -
4 1500m 5 512.223 7.06%
>1500m -
5 2000m 1 67.768 0.93%
>2000m -
6 5000m 6 440.651 6.07%
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7 >5000m 3 183.645 2.53%
Total 53 7255.75 100.00%

(b) Gradient
A statement showing details of gradients provide along the N S corridor is given in
the following Table No. 4.4.

Table 4.4: Statement of Gradients (N-S Corridor)

S. No. Chainage Length Rail Level Gradient Remarks
From To From To

1 -408.2 300.0 708.170 303.9 303.9 0.000% Level
2 300.0 490.0 190.000 303.9 303.5 -0.211% Fall
3 490.0 840.0 350.000 303.5 308.9 1.543% Rise
4 840.0 1110.0 270.000 308.9 308.9 0.000% Level
5 1110.0 1410.0 300.000 308.9 309.5 0.200% Rise
6 1410.0 1740.0 330.000 309.5 3115 0.606% Rise
7 1740.0 2020.4 280.403 3115 314.4 1.034% Rise
8 2020.4 2270.0 249,598 314.4 314.4 0.000% Level
9 2270.0 2460.0 190.000 314.4 310.7 -1.947% Fall
10 2460.0 2820.0 360.000 310.7 310.1 -0.167% Fall
11 2820.0 3050.0 230.000 310.1 318.4 3.609% Rise
12 3050.0 3312.0 262.010 318.4 318.4 0.000% Level
13 3312.0 3680.0 367.990 318.4 318.3 -0.027% Fall
14 3680.0 3910.0 230.000 318.3 320.9 1.130% Rise
15 3910.0 4080.0 170.000 320.9 320.9 0.000% Level
16 4080.0 4258.4 178.443 320.9 323.2 1.289% Rise
17 4258.4 4550.0 291.557 323.2 323.2 0.000% Level
18 4550.0 4756.4 206.404 323.2 322.2 -0.484% Fall
19 4756.4 5030.0 273.596 322.2 326.3 1.499% Rise
20 5030.0 5280.0 250.000 326.3 326.3 0.000% Level
21 5280.0 5800.0 520.000 326.3 322.4 -0.750% Fall
22 5800.0 6050.0 250.000 322.4 319.6 -1.120% Fall
23 6050.0 6264.0 214.000 319.6 319.6 0.000% Level
24 6264.0 6572.8 308.756 319.6 310.9 -2.818% Fall
25 6572.8 6930.0 357.245 310.9 310.9 0.000% Level
26 6930.0 7200.0 270.000 310.9 305.2 -2.111% Fall
27 7200.0 7400.0 200.000 305.2 310.9 2.850% Rise
28 7400.0 7760.0 360.000 310.9 317.9 1.944% Rise
29 7760.0 8090.0 330.000 317.9 317.9 0.000% Level
30 8090.0 8340.0 250.000 317.9 317.4 -0.200% Fall
31 8340.0 8530.0 190.000 317.4 3215 2.158% Rise
32 8530.0 8840.0 310.000 3215 3215 0.000% Level
33 8840.0 9121.7 281.737 3215 322.4 0.319% Rise
34 9121.7 9340.0 218.263 322.4 320 -1.100% Fall
35 9340.0 9680.0 340.000 320 316.1 -1.147% Fall
36 9680.0 9900.0 220.000 316.1 315.3 -0.364% Fall
37 9900.0 10205.0 305.000 315.3 315.3 0.000% Level
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Chainage Rail Level .
S. No. Length Gradient Remarks
From To From To
38 10205.0 10730.0 525.000 315.3 319.5 0.800% Rise
39 10730.0 11283.4 553.428 319.5 319.5 0.000% Level
40 11283.4 11670.0 386.572 319.5 320 0.129% Rise
41 11670.0 11930.0 260.000 320 320 0.000% Level
42 11930.0 12560.0 630.000 320 311 -1.429% Fall
43 12560.0 12960.0 400.000 311 311 0.000% Level
44 12960.0 13100.0 140.000 311 307.1 -2.786% Fall
45 13100.0 13360.0 260.000 307.1 307.5 0.154% Rise
46 13360.0 13680.0 320.000 307.5 313.3 1.813% Rise
47 13680.0 14098.9 418.920 313.3 313.3 0.000% Level
48 14098.9 14370.0 271.080 313.3 307.6 -2.103% Fall
49 14370.0 14720.0 350.000 307.6 304.8 -0.800% Fall
50 14720.0 15500.0 780.000 304.8 295.6 -1.179% Fall
51 15500.0 15700.0 200.000 295.6 295.6 0.000% Level
52 15700.0 16080.0 380.000 295.6 299 0.895% Rise
53 16080.0 16330.0 250.000 299 299 0.000% Level
54 16330.0 17080.0 750.000 299 307.6 1.147% Rise
55 17080.0 17324.6 244.621 307.6 316 3.434% Rise
56 17324.6 17550.0 225.379 316 316 0.000% Level
57 17550.0 17740.0 190.000 316 308.5 -3.947% Fall
58 17740.0 18020.0 280.000 308.5 310.7 0.786% Rise
59 18020.0 18232.0 212.000 310.7 308.7 -0.943% Fall
60 18232.0 18610.1 378.100 308.7 308.7 0.000% Level
61 18610.1 19250.0 639.900 308.7 302.5 -0.969% Fall
62 19250.0 20357.2 1107.242 302.5 292 -0.948% Fall

Abstract of Gradients( N-S Corridor)
0,
l\lsc;. Description OccElr?:nces Length (m) /OAVIVi'grr;r%éﬁtal
length
1 Level 20 5233.013 26.62%
2 >0%to=1% 22 9040.247 45.99%
3 >1%to=2% 11 3340.303 16.99%
4 >2%1t0=3% 5 1108.756 5.64%
5 >3%t0=4% 4 935.701 4.76%
Total 62 19658.2 100.00%
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4.11.2 Prajapati Nagar to Lokmanya Nagar (East-West Corridor)
(a) Horizontal Curves:The details of horizontal curves is shown in Table 4.5:
Table 4.5: Statement of Horizontal Curves (East-West Corridor)

Table 4.5

Curve | Direc- 7 Deflection Transition Curve %] Straight

No tion el Angle Length UG Length LC urve between REMELS
ength
DM S 66.102
Start of
1 Right 202.05 37 1046.630 | 55 55 67.957 131.112 | 241.112 172.073 Alignment
-392

2 Right 402.05 28 4253.968 | 50 50 102.911 | 201.496 | 301.496 | 217.679
3 Right | 9002.05 | 00 1019.132 15 15 13.51 27.021 57.021 381.216
4 Right | 1002.05 | 0201 05.821 | 25 25 17.651 35.298 85.298 271.009
5 Right | 1169.05 | 00 00 07.186 | 25 25 0.02 0.041 50.041 25.558
6 Left | 1702.05 | 0054 07.696 | 18 18 13.4 26.799 62.799 252.852
7 Right | 10002.05 | 00 12 45.237 10 10 18.554 37.107 57.107 200.823
8 Left | 7002.05 | 001319.423 | 15 15 13.569 27.138 57.138 66.635
9 Right | 7002.05 | 00 1305.332 | 20 20 13.33 26.66 66.66 1021.177
10 Right 569.05 | 000027.619 | 50 50 0.038 0.076 100.076 43.927
11 Left 1012.05 | 01 2523.106 | 25 25 12.569 25.137 75.137 28.087
12 Right 397.05 | 0000 13.516 | 55 55 0.013 0.026 110.026 83.8
13 Left 502.05 | 0317 15.703 | 55 55 14.408 28.808 138.808 | 192.455
14 Right 297.05 | 000058.433 | 48 48 0.042 0.084 96.084 0.298
15 Right | 3002.05 | 013938.058 | 16 16 43.506 87.007 119.007 | 126.158
16 Left | 2002.05 | 004517.113 | 20 20 13.187 26.373 66.373 151.853
17 Left 1002.05 | 0348 54.123 | 25 25 33.373 66.721 116.721 151.675
18 Right 602.05 | 025304.264 | 45 45 15.158 30.31 120.31 239.373
19 Right 692.05 022040.899 | 35 35 14.162 28.321 98.321 35.749
20 Left 602.05 0242 05.532 | 40 40 14.196 28.387 108.387 327.015
21 Left 202.05 | 810418.041 | 55 55 | 172.786 | 285.894 | 395.894 | 430.152
22 Left 1052.05 | 013505.786 | 25 25 14.552 29.102 79.102 0.117
23 Right | 1232.05 | 01 16 48.606 | 25 25 13.765 27.528 77.528 154.363
24 Right 202.05 49 07 42.947 | 55 55 92.353 173.249 | 283.249 582.951
25 Right 252.05 06 27 16.062 | 48 48 14.212 28.394 124.394 144.027
26 Left 202.05 | 000102.092 | 53.1 | 53.1 0.03 0.061 106.261 58.364
27 Left | 1002.05 | 020321.390 | 25 25 17.98 35.957 85.957 149.618
28 Right 802.05 0252 10.786 | 40 40 20.09 40.171 120.171 55.329
29 Left 852.05 | 015634.348 | 35 35 14.448 28.893 98.893 249.973
30 Left 1002.05 | 0157 14.763 | 25 25 17.089 34.175 84.175 121.207
31 Right | 1002.05 | 02 3941.054 | 25 25 23.277 46.545 96.545 319.866
32 Right 602.05 024141.338 | 50 50 14.161 28.316 128.316 | 264.291
33 Left | 1152.05 | 193827.637 | 25 25 | 199.418 | 394.923 | 444.923 | 696.136
34 Right 202.05 | 000145.128 | 55.7 | 55.7 | 0.051 0.103 111.503 | 149.835
35 Right 202.05 | 142513.455 | 55 55 25.561 50.853 160.853 35.007
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. . " Total 7
Curve D|_rec- Radius Deflection Transition Tangent Curve Curve Straight e
No tion Angle Length Length between
Length
36 Left 172.05 73 3835.753 | 56 56 | 128.811 | 221.139 | 333.139 | 490.256
37 Right 182.05 1147 30.843 | 55 55 18.8 37.467 147.467 28.414
38 Right 162.05 311655.272 | 55 55 45.37 88.475 198.475 | 224.703
39 Left 222.05 00 02 56.634 | 50 50 0.095 0.19 100.19 317.926
40 Left | 15002.05 | 00 07 51.774 | 15 15 17.157 34.313 64.313 360.846
41 Left 9502.05 | 00 09 05.222 15 15 12.558 25.117 55.117 877.118
42 Left 402.05 07 43 36.044 | 50 50 27.151 54.219 154.219 500.994
43 Right 202.05 131212.862 | 55 55 23.384 46.562 156.562 56.253
44 Left 202.05 252308.620 | 55 55 45.507 89.521 199.521 | 359.319
45 Right 342.5 04 50 33.480 | 50 50 14.483 28.948 128.948 845.94
46 Left 502.05 03 2046.456 | 40 40 14.665 29.321 109.321 187.281
18165
47 Left 1002.05 09 09 50.512 25 25 80.306 160.27 210.27 0 End of
Alignment
Abstract of Horizontal Curves( E-W Corridor)
S. . Nos. Curved % w. r. t. total
Radius (m)
No. Occurrences | Length (m) curved length
1 >160m -200m 3 679.081 10.64%
2 >200m - 500m 17 2918.441 45.72%
>500m -
1 1453.44 22.77%
3 1000m 3 53 0
>1000m -
4 726.731 11.39%
1500m 5 6.73 39%
>1500m -
2 129.172 2.02%
5 2000m 9 02%
>2000m -
6 1 119.007 1.86%
5000m °
7 >5000m 6 357.356 5.60%

(c) Gradient
A statement showing details of gradients provide along the corridor is given in the
following Table No. 4.6: -

Table 4.6: Statement of Gradients (East-West Corridor)

S. Chainage Rail Level _
Length Gradient Remarks
No. From To From To
1 -392.00 180.00 572.000 301 301 0.000% Level
2 180.00 430.00 250.000 301 297.2 | -1.520% Fall
3 430.00 700.00 270.000 297.2 300.5 1.222% Rise
4 700.00 1087.35 387.348 300.5 305.3 1.239% Rise
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S. Chainage Rail Level _
No Length Gradient Remarks
: From To From To
5 1087.35 1320.00 232.652 305.3 305.3 0.000% Level
6 1320.00 1570.00 250.000 305.3 304.6 | -0.280% Fall
7 1570.00 1820.80 250.800 304.6 308.3 1.475% Rise
8 1820.80 2078.76 257.955 308.3 308.3 0.000% Level
9 2078.76 2440.00 361.245 308.3 308.9 0.166% Rise
10 2440.00 2640.00 200.000 308.9 309.7 0.400% Rise
11 2640.00 3020.00 380.000 309.7 311.6 0.500% Rise
12 3020.00 3235.00 215.000 311.6 311.6 0.000% Level
13 3235.00 3384.00 149.000 311.6 310.9 | -0.470% Fall
14 3384.00 3772.20 388.200 310.9 311.5 0.155% Rise
15 3772.20 4180.00 407.800 311.5 311.5 0.000% Level
16 4180.00 4340.00 160.000 311.5 311 | -0.313% Fall
17 4340.00 4652.53 312.525 311 319.5 2.720% Rise
18 4652.53 4922.00 269.475 319.5 319.5 0.000% Level
19 4922.00 5190.00 268.000 319.5 316.7 | -1.045% Fall
20 5190.00 5490.00 300.000 316.7 321.9 1.733% Rise
21 5490.00 5750.00 260.000 321.9 321.9 0.000% Level
22 5750.00 5940.00 190.000 321.9 325.5 1.895% Rise
23 5940.00 6350.00 410.000 325.5 319.7 | -1415% Fall
24 6350.00 6580.00 230.000 319.7 319.7 0.000% Level
25 6580.00 6890.00 310.000 319.7 313.1 | -2129% Fall
26 6890.00 7130.00 240.000 313.1 313.1 0.000% Level
27 7130.00 7290.00 160.000 313.1 310.2 | -1.813% Fall
28 7290.00 7615.00 325.000 310.2 320.1 3.046% Rise
29 7615.00 7856.99 241.990 320.1 320.1 0.000% Level
30 7856.99 8200.00 343.010 320.1 313.9| -1.808% Fall
31 8200.00 8523.50 323.499 313.9 313.9 0.000% Level
32 8523.50 8770.00 246.502 313.9 311.6 | -0.933% Fall
33 8770.00 8965.00 195.000 311.6 315.4 1.949% Rise
34 8965.00 9241.43 276.433 315.4 315.4 0.000% Level
35 9241.43 9490.00 248.567 315.4 312.6 | -1.126% Fall
36 9490.00 9770.00 280.000 312.6 313.3 0.250% Rise
37 9770.00 9965.00 195.000 313.3 316.9 1.846% Rise
38 9965.00 10190.00 | 225.000 316.9 316.9 0.000% Level
39 10190.00 10500.00 | 310.000 316.9 314.8 | -0.677% Fall
40 10500.00 10765.00 | 265.000 314.8 319.1 1.623% Rise
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S. Chainage Rail Level _
Length Gradient Remarks
No. From To From To
41 10765.00 10990.00 | 225.000 319.1 319.1 0.000% Level
42 10990.00 11360.00 | 370.000 319.1 318.8 | -0.081% Fall
43 11360.00 11845.00 | 485.000 318.8 329.5 2.206% Rise
44 11845.00 12130.00 | 285.000 329.5 329.5 0.000% Level
45 12130.00 12370.00 | 240.000 329.5 325 | -1.875% Fall
46 12370.00 12710.00 | 340.000 325 336 3.235% Rise
47 12710.00 13160.00 | 450.000 336 336 0.000% Level
48 13160.00 13550.00 | 390.000 336 333.2 | -0.718% Fall
49 13550.00 14060.00 | 510.000 333.2 338.8 1.098% Rise
50 14060.00 14300.00 | 240.000 338.8 338.8 0.000% Level
51 14300.00 14580.00 | 280.000 338.8 339.4 0.214% Fall
52 14580.00 14875.00 | 295.000 339.4 340.4 0.339% Rise
53 14875.00 15050.00 | 175.000 340.4 345.2 2.743% Rise
54 15050.00 15270.00 | 220.000 345.2 345.2 0.000% Level
55 15270.00 15532.00 | 262.000 345.2 3425 | -1.031% Fall
56 15532.00 15770.00 | 238.000 342.5 339.2 | -1.387% Fall
57 15770.00 16020.00 | 250.000 339.2 336.3 | -1.160% Fall
58 16020.00 16289.74 | 269.742 336.3 336.3 0.000% Level
59 16289.74 16500.00 | 210.258 336.3 332.4 | -1.855% Fall
60 16500.00 16800.00 | 300.000 332.4 332.2 | -0.067% Fall
61 16800.00 16960.00 | 160.000 332.2 333.3 0.688% Rise
62 16960.00 17160.00 | 200.000 333.3 330.4 | -1.450% Fall
63 17160.00 17496.76 | 336.758 330.4 330.4 0.000% Level
Abstract of Gradients( E-W Corridor)
o NOS. % W.T. t. total
S. No. Description Occurrences Length (m) Alignment
length
1 Level 20 6054.412 33.33%
2 >0%to=1% 16 4519.947 24.88%
3 >1%to=2% 21 5642.983 31.07%
4 >2%to=3% 4 1282525 7.06%
5 > 3% to=4% 2 665 3.66%
Total 63 18165 100.00%
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Chapter - 5

CIVIL ENGINEERING

51 GENERAL
This chapter deals with civil underground and elevated structure, Geotechnical
investigation, construction methods, land requirements, Utility services and Traffic
diversion during construction etc.

5.2 CIVIL STRUCTURES

5.2.1 Underground Section
Presently, there is no “Underground Section” and as such this para is not
required. But, there may be some underground section at a later stage.
Keeping in view of the same, this has been included.
Tunnel excavation for underground section is generally carried out by Tunnel Boring
Machines. Tunnel boring machines (TBMs) capable of drilling in soft and hard rocks can
be successfully employed for boring tunnels through the rocky stratum.

5.2.2 Underground Stations
The underground station has been proposed as cut and cover with top-down method.
The diaphragm walls for such station constructions would be 80 to 100 cm. thick and will
function as a permanent side wall of the station. It is, therefore, necessary to construct
the diaphragm walls absolutely watertight and with the required concrete strength. By
resorting to top-down method the surface could be restored quickly and further
excavations and construction of the station will not hamper the surface activity.

5.2.3 Cut and Cover Method of Construction of Underground Station

Cut and Cover mainly consists of following steps:

1.  Diversion of utilities

2. Construction of support walls

3. Excavation between the support walls along with the installation of struts
between the two walls to keep them in position.

4.  Construction of tunnel/structure and removal of temporary struts.
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5.  Back filling and restoration of the surface
Utility Diversion:

It is suggested that all utilities falling within excavation area are diverted away in advance
to avoid damage to such utilities during the excavation/ construction phase. The cross
utilities, however has to be kept supported. It is suggested that pressure water pipelines
crossing the proposed cut area are provided with valves on both sides of the cut so that
the cut area can be isolated in case of any leakage to the pipeline to avoid flooding of the
cut/damage to the works.

Support Walls:

Most commonly used support wall is RCC Diaphragm Wall. The advantage of diaphragm
wall is that the same can be used as part of permanent structure. The modern
techniques are now available where water-stop can be inserted at the joints of two
diaphragm wall panels to avoid seepage through the joints. It is also now possible to
ensure the verticality of the diaphragm wall panels to avoid any infringement problem
later on. Typically the diaphragm wall of 80 cm to 1 meter thickness is sufficient to do the
cut and cover construction. The various advantages of diaphragm wall are as follows.

(@) Itis rigid type of support system and therefore ensures the maximum safety against
settlement to the adjacent structures.

(b) Can be used as part of the permanent structure and, therefore, considered
economical.

(c) With diaphragm wall it is possible to construct an underground structure by top
down method. In this method top slab is cast once the excavation is reached to the
top slab level with rigid connections to the diaphragm wall which can be achieved
by leaving couplers in the diaphragm wall reinforcement at appropriate level. This
top slab then acts as strut between the two support walls and gives much more
rigidity and safety to the construction. Excavation thereafter can be completed. This
also helps in restoration of the surface faster without waiting for full structure to be
completed.

The other support walls which can be used depending on the site conditions are as
follows:

() Sheet Piles : ‘Z'/ ‘U’ sheet piles cane be used as temporary support wall. This can be
advantageous where it is possible to re-use the sheet pile again and again and
therefore, economy can be achieved However the main concern remains, driving of
sheet piles causes vibrations/noise to the adjacent buildings. This may sometimes
lead to damage to the building and most of the time causes inconvenience to the
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occupants of the building. Situation becomes more critical if sensitive buildings are
adjacent to the alignment like hospitals, schools, laboratories, etc. Silent pile driving
equipments however are now available and can be used where such problems are
anticipated.

(b) Retaining Casing Piles: This is suitable for situation where the cut and cover is to
be done in partly soil and partly rock. The top soil retaining structure can be done
with the help of Casing pile which is then grouted with cement slurry. This is
considered suitable in case of shallow level, non-uniform, uneven nature of rock head
surface which render the construction of sheet piles/diaphragm wall impracticable.
These are suitable up to 7-meter depth. The common diameter used for such casing
pile is 2.00-2.50 m dia.

(c) Soldier Piles and Lagging: Steel piles (H Section or | section) are driven into the
ground at suitable interval (normally 1-1.5 m) centre-to-centre depending on the
section and depth of excavation. The gap between two piles is covered with suitable
lagging of timber planks/shot-creting /steel sheets/Gl sheets during the process of
excavation.

(d) Secant Piles: are cast-in-situ bored piles constructed contiguously to each other so
that it forms a rigid continuous wall. This is considered an alternative to diaphragm
wall where due to soil conditions it is not advisable to construct diaphragm wall from
the consideration of settlement during the trenching operation. 800 to 1000 mm dia
piles are commonly used. Two alternate soft piles are driven and cast in such a way
that the new pile partly cuts into earlier constructed piles. This new pile is constructed
with suitable reinforcement. With this, alternate soft and hard pile is constructed. This
has got all the advantages of diaphragm wall. However, this wall cannot be used as
part of permanent structure and permanent structure has to be constructed in- side of
this temporary wall.

5.2.6 Anchors:

As an alternative to the struts, soil/frock anchors can be used to keep these support walls
in position. This gives additional advantage as clear space is available between two
support walls and progress of excavation & construction is much faster as compared to
the case where large number of struts is provided which create hindrance to the
movement of equipments and material & thus affects the progress adversely.

The combination of all the type of retaining walls, struts/anchors may be necessary for

the project to suit the particular site. Based on the above broad principle, the support
walls system for cut and cover shall be chosen for particular locations.

DETAILED PROJECT REPORT FOR NAGPUR METRO RAIL PROJECT NOV 2013 3/56



@ Chapter 05: Civil Engineering

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

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

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

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

. Segmental construction protects the environment as only space required for
foundation and sub-station is required at site. The superstructure is manufactured
at a place away from busy areas and placement of superstructure is done with the
system erected from piers at heights.

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

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

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

. Interference to the traffic during construction is significantly reduced.

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

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

. Better quality control is possible in the casting yard.

. During construction, the technique shows an exceptionally high record of safety.

5.2.8 Types of Superstructures for Elevated Section

(A) Pre-cast segmental box girder using external unbounded tendon
(B) Pre-cast segmental U-Channel Superstructure with internal pre-stressing.

Comparative advantages/disadvantages of the above two types are given below:
A. Precast Segmental Box Girder using External Unbounded Tendon.
This essentially consists of precast segmental construction with external pre-

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

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

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

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

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

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

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

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

. Facility for inspection and monitoring of tendons during the entire service life of the
structure.

Precast Segmental Box Girder using internal tendon is also use.

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

1. Built in sound barrier.

2. Built in cable support and system function.
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3. Possibility to lower the longitudinal profile by approximately 1m compared to
conventional design.

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

5. Built in maintenance and evacuation path on either side of the track.

5.3 CONSTRUCTION METHODOLOGY

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

. Reduction in construction period due to concurrent working for substructure and
superstructure.

. For segmental, pre-cast element (of generally 3.0m length), transportation from
construction depot to site is easy and economical.

. Minimum inconvenience is caused to the public utilizing the road as the
superstructure launching is carried out through launching girder requiring narrow
width of the road.

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

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

54 PRE-CAST CONSTRUCTION

5.4.1 Casting of Segments

For viaducts segmental pre-cast construction requires a casting yard. The construction
depot will have facilities for casting beds, curing and stacking area, batching plant with
storage facilities for aggregates and cement, site testing laboratories, reinforcement steel
yard and fabrication yard etc. An area of about 2.5 Ha. To 3.0 Ha. is required for each
construction depot.

For casting of segments both long line and short line method can be adopted. However
the long line method is more suitable for spans curved in plan while short line method is
good for straight spans. A high degree of accuracy is required for setting out the curves
on long line method for which pre calculation of offsets is necessary. Match casting of
segments is required in either method. The cast segments are cured on the bed as well
as in stacking yard. Ends of the segments are to be made rough through sand blasting
so that gluing of segments can be effective.
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The cast segment will be transported on trailers and launched in position through
launching girders.

5.4.2 Launching Scheme

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

Segments are glued with epoxy and pre-stressed from one end. The girder is lowered on
the temporary / permanent bearings after pre-stressing. The launching girder then moves
over the launched span to next span and the sequences continue.

5.5 STRUCTURAL SYSTEM OF VIADUCT
5.5.1 Superstructure

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

Normally the U-Channel girder having a soffit width of 9.0 m (approx) accommodates the
two tracks situated at 3.7m (Tangent & upto 150m curvature) to 4.0m (90m curvature)
c/c. The U-Channel superstructure for almost all the simply supported standard spans
will be constructed by pre-cast pre-stressed segmental construction with epoxy bonded
joints.

The max spans c/c of piers of standard simply supported spans constructed by pre-cast
segmental construction technique has been proposed as 28.0m. The usual segments
shall be 3.0m in length except the Diaphragm segments, which shall be 2.0m each. The
other standard spans (c/c of pier) comprises of 25.0m, 31.0m, 22.0m, 19.0m & 16.0m,
which shall be made by removing/adding usual segments of 3.0m each from the center
of the span. Depth of the superstructure is so chosen that top of flange of U-Channel
will be used as a evacuation walkway in an emergency.

The dimensions of end diaphragm will be finalized based on simply supported span of
31.0m and the same will be also kept for all simply supported standard span. The top
level of both the end diaphragms of adjoining spans on the same piers is kept same so
that expansion joint can be installed at top and continuity of profile of end diaphragm on
the same pier can be maintained. The arrangement has been selected from aesthetic
considerations.

The economical span (i.e. with optimum pre-stressing ratio) will be designed for the 25m
situation.
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Standard span up to 28.0m will be provided throughout the viaduct as far as possible. At
crossings, where spans requires to be increased upto 31.0m, simply supported spans
will be provided.

The location where the open foundations are possible, the spans of 16m will be
provided.

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

All these continuous units (in case provided at obligatory location) will be constructed by
cast-in-situ balanced cantilever construction technique. The top profile of superstructure
of continuous unit (for the full length) will be retained the same as for standard spans so
that evacuation walkway will be available even in continuous units. The increase in
depth of U-channel will be accomplished by thickening the soffit slab (towards
downside). At the end of continuous unit, the profile and thickness of soffit slab will be
done to the extent that it will match with the profile and depth of end diaphragm of
adjoining simply supported spans. The thickness of soffit slab will be increased smoothly
toward penultimate support. In order to reduce the dead weight of the girder, voids will
be also provided in the thickened soffit slab at bottom. These will be circular near the
end of continuous unit and oblong near the penultimate support.

5.5.2 Substructure

The viaduct superstructure will be supported on single cast-in-place RC pier. The shape
of the pier follows the flow of forces. For the standard spans, the pier gradually widens
at the top to support the bearing under the box webs. At this preliminary design stage,
the size of pier is found to be limited to 1.8m to 2.0 m diameter of circular shape for most
of its height so that it occupies the minimum space at ground level where the alignment
often follows the central verge of existing roads.

To prevent the direct collision of vehicle to pier, a Jersey Shaped crash barrier of 1.0 m
height above existing road level has been provided all around the pier. A gap of 25 mm
has also been provided in between the crash barrier and outer face of pier. The shape of
upper part of pier has been so dimensioned that a required clearance of 5.5 m is always
available on road side beyond vertical plane drawn on outer face of crash barrier. In
such a situation, the minimum height of rail above the existing road is 8.4 m.

The longitudinal center to center spacing of elastomeric/pot bearing over a pier would be
about 1.8 m. The space between the elastomeric bearings will be utilized for placing the
lifting jack required for the replacement of elastomeric bearing. An outward slope of
1:200 will be provided at pier top for the drainage due to spilling of rainwater, if any.

The transverse spacing between bearings would be 3.2 m (to be studied in more details).
The orientation and dimensions of the piers for the continuous units or steel girder
(simply supported span) have to be carefully selected to ensure minimum occupation at
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ground level traffic. Since the vertical and horizontal loads will vary from pier to pier, this
will be catered to by selecting the appropriate structural dimensions.

5.5.3 Foundation Recommendation

Depending on the nature of soil, type of proposed structure and expected loads on
foundations, the recommended type of foundation is generally pile foundation except for
a few locations where hard strata was located close to ground level. Pile capacities have
been calculated as per IS 2911 Part 2 and IRC 78 while allowable bearing capacity for
shallow open footing has been computed from the equation as per IS: 6403 — 1981.

e PILE FOUNDATION

Pile foundation is a fissible foundation scheme that may be designed where the loadings
are heavy/medium, upper strata are loose/soft or filled up, and depth of water table is
less. The pile load bearing capacity is calculated in as per IS 2911 Part 2 & IRC: 78-
2000.

e OPEN FOUNDATION

For the prevailing soil conditions and type of structures, it was observed that shallow
open footings can be provided at certain locations. Allowable bearing capacity for
shallow open footing has been computed from the equation as per IS: 6403 — 1981 &
Settlement shall be determined for unit pressure for a specified width of footing based on
Corrected SPT values between the level of base of footing and the depth equal to 1.5 to
2.0 times the width of footing. Corrections shall be applied as applicable. Refer; IS: 8009
(Part-1).

5.5.4 Deck — Simple Spans
554.1 Deck — Simple Spans ‘U’ Girder
Salient features of the precast segmental construction method technique as envisaged
for the project under consideration are indicated below:

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

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

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

The suggested method of erection will be detailed in drawings to be prepared. The
launching girder (or, more accurately, the “assembly truss”) is capable of supporting the
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entire dead load of one span and transferring it to the temporary brackets attached to the
pier. The governing weight of the segments will be of the order of 55t (to be finalized).
The launching girder envisaged will be slightly greater than two span lengths. It must be
able to negotiate curves in conjunction with temporary brackets.

Transportation of segments from casting yard to the point of erection will be effected by
appropriately designed low-bedded trailors (tyre-mounted). The segments can be lifted
and erected using erection portal gantry moving on launching girder.

U-girder segments shall be match cast at the casting yard before being transported to
location and erected in position. Post-tensioned cables shall be threaded in-situ and
tensioned from one end. It is emphasized that for pre-cast segmental construction only
one-end pre-stressing shall be used.

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

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

5.5.4.2 Deck — Simple Spans Box Girder

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

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

The suggested method of erection will be detailed in drawings to be prepared, at the time
of detailed design. The launching girder (or, more accurately, the “assembly truss”) is
capable of supporting the entire dead load of one span and transferring it to the
temporary brackets attached to the pier. The governing weight of the segments will be of
the order of 50t (to be finalized). The launching girder envisaged will be slightly longer
than two span lengths. It must be able to negotiate curves in conjunction with temporary
brackets.
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Transportation of segments from casting yard to the point of erection will be effected by
appropriately designed low-bedded trailers (tyre-mounted). The segments can be lifted
and erected using erection portal gantry moving on launching girder.

Box girder segments shall be match cast at the casting yard before being transported to
location and erected in position. Post-tensioned cables shall be threaded in-situ and
tensioned from one end. It is emphasized that for precast segmental construction only
one-end pre-stressing shall be used.

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

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

5.5.5 Epoxy Bonded Joints and Shear Keys

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

The purpose of the epoxy joint, which is about 1mm on each mating surface, shall be to
serve as lubricant during segment positioning, to provide

Waterproofing of the joints for durability in service conditions and to provide a seal to
avoid cross-over of grout during grouting of one cable into other ducts.

The epoxy shall be special purpose and meet requirements of relevant provision of FIP
(International Federation of Pre-stressed Concrete)

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

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

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

5.6.1 Grade of Concrete

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

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

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

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

5.6.2 Reinforcement and pre-stressed Steel

It is proposed to use HYSD 500 or TMT steel as reinforcement bars.
For pre-stressing work, low relaxation high tensile steel strands with the configuration 12
K 15 and or 19 K 15 is recommended (confirming to 1S:14268).

5.6.3 Road width required during construction

As most of the construction is to be carried out on the middle of the road, central two
lanes including median will be required for construction activities. During piling and open
foundation work, a width of about 9 m will be required for construction and the same will
be barricaded. It is proposed that two lanes are provided for traffic on either side during
construction by widening of roads, if necessary. In certain cases, one way traffic may be
resorted to.
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All these actions will require a minimum period of about 4 to 6 months. During this
period, the implementing agency can go ahead with the following preliminary works:

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

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

The new SPV for the implementation of Nagpur metro rail project has to take action for
appointment of consultant for Project Management and proof checking including
preparation of tender documents. Simultaneously, action is also to be taken for detailed
design for structures for elevated corridor

5.7 GEO-TECHNICAL INVESTIGATIONS

The geological investigation was carried out by DMRC aiming to understand the geology
of areas along with their alignment. The purpose of doing the geotechnical investigation
is to identify the soil type with a view of design the safe & economical foundations for
their structures and to propose the ground improvement methods to known troublesome
spots like swampy areas, soft ground and peat land etc, if found any.

Prior to construction, it is necessary to estimate the geological phenomena, based on
interpretation of geological information such as boring log, physical and mechanical
property. Accordingly, quality and quantity of geological investigation highly affect to civil
engineering work

5.7.1 Physiography

Nagpur is situated at 21° 06' N latitude and 79° 03' E longitude and a mean altitude of
310 meters above sea level. Being located far away from any major water body at the
centre of the Indian peninsula, the Nagpur's climate is dry or mildly humid for most of the
year except for the rainy season. The highest recorded temperature in the city was 48.6
°C, while the lowest was 3°C.

5.7.2 General Geology and Related Characteristics

The Geo technical site investigation carried out from AUTOMOTIVE SQUARE TO
MIHANalignment & 39 boreholes were driven in Lokmanya Nagar to Prajapati Nagar
alignment with in the Nagpur City of Maharashtra.

Nagpur lies on the Deccan plateau of the Indian Peninsula and has a mean altitude of
310.5 meters above sea level. The underlying rock strata are covered with alluvial
deposits resulting from the flood plain of the Kanhan River. In some places these give
rise to granular sandy soil. In low lying areas which are poorly drained, the soil is alluvial
clay with poor permeability characteristics. In the eastern part of city
crystalline metamorphic rocks such as gneiss, schist and granites are found, while in the
northern part yellowish sand stones and clays of the lower Gondwana formations are
found.
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Latitude 78015’ to 80045’'E, Longitude 18045’ to 21'35’N

Physiography and Climate: The city is generally having warm tropical climate with the
temperature in summer varying between 41°C to 48°C and in winter between 32°C to
37°C. The period between January to April and Nov to December is generally dry
whereas in June to October it is rainy season. The city has an average annual rainfall of
1112.0 mm.

SEISMICITY : According to studies, Nagpur region lies in between Zone 1 and Zone 2 of
Earthquake Zones in the country. It means that Nagpur has close to zero chances of
getting a major earthquake which may cause huge devastation. Recent history also
supports the fact that Nagpur region is relatively very safe as far as earthquakes are
concerned. Though city has not recorded any seismic activity of magnitude above 4 on
Richter scale since 1938 and falls under safest earthquake zone area, the possibilities of
a low to moderate earthquake cannot be ruled out completely. A study of active faults
conducted by the Geological Survey of India (GSI), central region in city in last ten years,
has shown presence of predominant features of neo-tectonic activity in vicinity (200 plus
km) of Nagpur which could reactivate and trigger low to moderate quakes in the area.
Active faults studies conducted by GSI department from 2002 to March 2012 has shown
that the entire stretch starting from Shadol district in Madhya Pradesh in the Son river
basin to Narmada banks in Jabalpur, the Son Narmada South Fault (SNSF) which
continues westward to become Gwaligarh fault (north of Paratwada in Maharashtra) has
shown presence of proterozoic metamorphic rocks along the banks of the rivers which
are known for tectonic activity
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GEOGRAPHY: The Nagpur region has complex topography of hilly terrain, undulating
terrain & plains. Nearly 40% area is occupied by forests having hilly terrains. The
Wardha, Wainganga, Painganga, Pranhita, Indravati rivers are forming major basins in
the area. The drainage pattern is dendritic to sub parallel.

GEOLOGY: The geology of the Nagpur region is famous for the metamorphic rocks,
which occur in all the districts in the Nagpur region except Wardha and some part of
Nagpur district. The other geological formation Deccan Traps occur in the Wardha and
North and North-West part of Nagpur District. The stratigraphic succession of the
geologic formations in the region is given below.

Stratigraphy of the rock types occurring in the Nagpur Region

Age

Lower Eocene to
Upper cretaceous

Jurrassic upper
Gondwana

Triassic

Permian Lower
Gondwana

Upper
Carboniferrous

Proterozoic

Precambrian

Table 5.1: ROCK TYPES
Geographical distribution in

Rock Type Geology Nagpur Region.
Deccan Trap, Volcanic lava flows Wardha and Some parts of
Igneous Rocks with inter trappean beds. Nagpur district & Chandrapur.

Metamorphic

Sedimentary
Rocks

Sedimentary
Rocks

Metamorphic
Rocks

Sedimentary
Rocks

Metamorphic
Rocks

Lamatas and Bagh Beds Parts of Nagpur.

Chikiala & Kota stages. Lime stone Sironcha taluka of Gadchiroli

district.
Pachmari & Maler’s stages — Sironcha taluka of Gadchiroli
Clays, Sandstones. district.
Mangli Beds — Sandstone \(;\i/;:?crta Taluka of Chandrapur

Kamptee series — Sandstone,
Shale, Coal

Barakar Series — Sandstone,
Shales and Coal.

Talchir series — Boulders, Green
shale, Sand stones, Shales, Clays)
Vindhyan super group (Lime
stones, Shales & Sandstones)
Cuddapah equivalent Limestones |Sironcha Taluka of

Nagpur & Chandrapur district.
Nagpur & Chandrapur district.
Nagpur & Chandrapur district.

Chandrapur district.

& shales Gadchiroli district.

Sakoli Series

Quartzites schists,Phyllites, Gadchiroli, Chandrapur,

Iron ore series Nagpur & Bhandara districts.

Quartzites schists,Phyllites,

Sausar Series

Marbles gneisses,schists granite Nagpur & Bhandara districts.

Penisular Basement complex Gadchiroli, Chandrapur,
(Archeans) Gneisses, Nagpur and Bhandara
schists,Granites Districts
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5.7.3 FIELD INVESTIGATION

Field Investigation at the site were planned to determine the required strength
characteristics of the underlying soil/rock strata to design the foundations of the
proposed structure to be constructed. The geotechnical investigation work includes:

1. Drilling of 150mm diameter boreholes in all kind of soil including gravels and
cobbles and Nx size borehole in boulders and rock strata. All boreholes shall be
extend upto depths of 30 m in soil (up to N>=100) or 10 m in weathered rock
(RQD <=50%) or 5 m in hard rock (RQD>50%).

However the maximum depth of bore hole does not exceed 30 m. If strata having
a standard Penetration Test value greater than 100 with characteristics of rock
are met earlier, the borehole shall not be advanced further. When the boreholes
are to be terminated in soil strata, the Standard Penetration Test shall be carried
out at the termination depth and recorded.

2. Conducting Standard penetration test (SPT) at every 1.5m interval starting from
1.5m from natural ground level or every change of stratum as per 1S:2131.

3.  Collection of disturbed, undisturbed soil samples and water sample as per IS:
2132, 1S: 1892 & IS: 3025 should be followed.

4.  The following laboratory tests were conducted on collected soil/water samples.

Table 5.2 :LABORATORY TESTS-SOIL/WATER

SL. PARTICULARS OF PROPERTIES DISTURBED UNDISTURBED
NO. SOIL SAMPLE SOIL SAMPLES
1. Sieve Analysis V V
2. Hydrometer Analysis V V
3. Natural Moisture Content V
4, Bulk / Dry Density V
5. Specific Gravity \
6. Atterberg’s Limit \
7. Direct Shear Test (for non cohesive soils) \
8. UU Tests (for cohesive samples) \
9. UCS Tests (for cohesive samples) \
10. | Field permeability test in soil V
11. | Chemical test on soil & water sample for pH \
value, carbonate, sulphate (SO3; and So,)
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5. The following laboratory tests were conducted on collected rock sample

Table 5.3: LABORATORY TESTS/ROCK SAMPLES

SL. NO. PARTICULARS OF PROPERTIES
1. Permeability test by Packer method
2. Density Test
3. Water absorption
4, Porosity
5. Hardness
6. Atterberg’s Limit
7. Unconfined compression test
8. Point load index
9. Modulus of elasticity
10. Abrasion Testing

5.7.4 DETAILS OF GEOTECHNICAL INVESTIGATION

5.7.4.1 GENERAL

Six boring rigs were deployed with all requisite equipments and accessories at project
sites. Total 80 boreholes have been drilled at an average distance of 0.5 km each, all
along the length of the proposed Metro corridor.

41 bore holes were driven in AUTOMOTIVE SQUARE TO MIHANalignment & 39
boreholes were driven in Lokmanya Nagar to Prajapati Nagar alignment. However, due
to the site condition, depth of drilling work ranging from 10.50m to 25m was carried out at
the proposed locations. Details of Boreholes are given below in Table no 5.4 & Table no
5.5

5.7.4.2 DETAILS FOR NORTH — SOUTH CORRIDOR

Necessary plant, equipment and personnel for conducting the requisite field work were
mobilized to the site. These were shifted from one test location to another location
during execution of the field work and demobilized on satisfactory completion of the
entire field work.
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Forty one bore holes (BH-1 to BH-41) carried out.

The bore holes were bored at the site using Rotary drilling method as per I1S: 1892-1979.
Casing as required was used to retain the bore holes.

Standard penetration tests were conducted in the above bore holes at every 1.50 m
interval & at change of strata as per specifications. The bores were cleaned up to the
desired depths. Standard split spoon sampler attached to lower end of ‘A’ drill rods was
driven in the bore holes by means of standard hammer of 63.50 Kg falling freely from a
height of 75 cm. The sampler was driven 45 cm as per specifications & the numbers of
blows required for each 15 cm penetration were recorded. The numbers of blows for the
first 15 cm penetration were not taken into account. This was considered as seating
drive. The numbers of blows for next 30 cm penetration were designated as SPT ‘N’
value. Wherever the total penetration was less than 45 cm, the number of blows & the
depth penetrated is incorporated in respective bore logs. Disturbed soil samples
obtained from standard split spoon sampler for all the above standard penetration tests
were collected in polythene bags of suitable size. These samples were properly sealed,
labelled, recorded and carefully transported to the laboratory for testing.

Undisturbed soil samples were collected from the bore holes at every 3.0 m interval in
depth & at change of strata as per sampling specifications, in thin walled sampling tubes
of 100 mm dia and 450 mm length fitted to an adopter with ball and socket arrangement.
These sampling tubes after retrieval from the bore holes were properly waxed and
sealed at both ends. These were carefully labeled and transported to the laboratory for
testing. Undisturbed soil samples wherever slipped during lifting, were duly marked in the
field bore logs as well as in the soil profile.

Disturbed soil samples were also collected from the bore holes at suitable
depths/intervals to supplement the boring records. These samples were collected in
polythene bags of suitable size. These samples were properly sealed, labeled, recorded
& carefully transported to the laboratory for testing.

Conducting field permeability test in same bore holes in overburden using falling head
and in rock with packer.

The depth of ground water table was checked / measured in all bore holes. The ground
water table was encountered in some bore holes during the boring activity
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Summary of Bore Holes for this corridor is as below :

Table 5.4 - SUMMARY OF BORE HOLES
N.S.CORRIDOR

Water
IE\;S. Location Details gg;?:] Soil ggfctk :32?( {rﬁ?le
1 Automative Chowk 25.00 15.00 | 10.00 | - 7.20
2 Go Gas Pump 16.50 6.50 | 10.00 | - 7.10
3 kailly Automobiles 17.00 7.00 |10.00 | - 7.20
4 Lal godown chowk 15.50 5.50 | 10.00 | - 6.00
5 New Indira Hindi School 16.00 6.00 | 10.00 | - 6.90
6 Oppt. Jaswant Tuli Mall, 16.00 6.00 | 10.00 | - 7.10
7 Bharat Petrol Pump (10 No. Pulia) 14.50 450 |10.00 | - 5.40
8 Kadwii Chowk, 14.50 4.50 | 10.00 | - 5.15
9 Gurudwara (Railway Line Near) 20.00 10.00 | 10.00 | - 5.00
10 Gaddi Godown Chowk 12.00 2.00 |10.00 | - 4.25
11 L.I.C Chowk, AHM Church Campus 11.50 1.50 | 10.00 | - 4.40
12 R.B.1 Bank Chowk 12.00 2.00 |10.00 | - 4.00
13 Morrises Collage, T. Point 11.00 1.00 | 10.00 | - 3.85
14 Sita Burdi Police Station 14.50 4.50 | 10.00 | - 5.00
15 Ras Furniture, Oppt. Nangle Traders 16.00 6.00 | 10.00 | - 4.70
16 Yaswant Stadium 17.00 7.00 |10.00 | - 4.60
17 Dhantoli P.S, Oppt. Green City Hotel 17.50 7.50 |10.00 | - 5.10
18 Madhukar Arts (M. Printers) 15.00 5.00 | 10.00 | - 3.20
19 Asha Towers 14.50 450 |10.00 | - 3.90
20 Hardikar Chowk 14.00 4.00 |10.00 | - 3.40
21 Central Jail 15.00 5.00 | 10.00 | - 3.60
22 Clock Tower Rajive Gandhi Chowk 11.50 1.50 | 10.00 | - 3.25
23 Sanskar Vidhya Sagar School 12.50 250 |10.00 | - 4.00
24 Bharat Creations/Sanjay Traders 13.00 3.00 |10.00 | - 4.10
25 Sawarkar Chowk 12.50 2.50 |10.00 | - 2.90
26 Khamla Bus Stop 12.50 2.50 |10.00 | - 3.60
27 Baba Hardware/Vijay Trading 13.00 3.00 |10.00 | - 3.00
28 Arun Rao Purnakar Chowk (Puliya) 13.00 3.00 | 10.00 | - 2.10
29 Park/Dence Forest Area (Airport) 14.00 4.00 |10.00 | - 2.90
30 Parking Airport 14.50 450 |10.00 | - 2.10
31 Airport Boundry 14.50 450 |10.00 | - 3.70
32 Mihan Entry 13.50 3.50 |10.00 | - 2.65
33 Mihan Road 11.50 1.50 |10.00 | - 2.50
34 Mihan Road 11.50 1.50 |10.00 | - 3.70
35 Mihan Road 10.50 0.50 | 10.00 | - 3.20
36 Mihan Road 11.50 1.50 |10.00 | - 3.15
37 Mihan Road 10.50 0.50 | 10.00 | - 3.20
38 Mihan Road 11.00 1.00 |10.00 | - 4.05
39 Mihan Road 10.50 0.50 | 10.00 | - 4.00
40 Mihan Depot 11.00 1.00 | 10.00 | - 3.10
41 Mihan Depot 11.00 1.00 |10.00 | - 2.40
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5.7.4.3 DETAILS FOR EAST - WEST CORRIDOR

Thirty nine bore holes (BH-1 to BH-39) were carried out. The bore holes were bored at
this site using Rotary drilling method as per IS: 1892-1979. Casing as required was used
to retain the bore holes.

Standard penetration tests were conducted in the above bore holes at every 1.50 m
interval & at change of strata as per specifications. The bores were cleaned up to the
desired depths. Standard split spoon sampler attached to lower end of ‘A’ drill rods was
driven in the bore holes by means of standard hammer of 63.50 Kg falling freely from a
height of 75 cm. The sampler was driven 45 cm as per specifications & the numbers of
blows required for each 15 cm penetration were recorded. The numbers of blows for the
first 15 cm penetration were not taken into account. This was considered as seating
drive. The numbers of blows for next 30 cm penetration were designated as SPT ‘N’
value. Wherever the total penetration was less than 45 cm, the number of blows & the
depth penetrated is incorporated in respective bore logs. Disturbed soil samples obtained
from standard split spoon sampler for all the above standard penetration tests were
collected in polythene bags of suitable size. These samples were properly sealed,
labelled, recorded and carefully transported to the laboratory for testing.

Undisturbed soil samples were collected from the bore holes at every 3.0 m interval in
depth & at change of strata as per sampling specifications, in thin walled sampling tubes
of 100 mm dia and 450 mm length fitted to an adopter with ball and socket arrangement.
These sampling tubes after retrieval from the bore holes were properly waxed and
sealed at both ends. These were carefully labeled and transported to the laboratory for
testing. Undisturbed soil samples wherever slipped during lifting, were duly marked in the
field bore logs as well as in the soil profile.

Disturbed soil samples were also collected from the bore holes at suitable
depths/intervals to supplement the boring records. These samples were collected in
polythene bags of suitable size. These samples were properly sealed, labeled, recorded
& carefully transported to the laboratory for testing.

Conducting field permeability test in same bore holes in overburden using falling head
and in rock with packer.

The depth of ground water table was checked / measured in all bore holes. The ground
water table was encountered in some bore holes during the boring activity.

Summary of Bore Holes is given in Table : 5.5
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Table 5.5 - SUMMARY OF BORE HOLES
E W CORRIDOR

Water
IE\;S. Location Details gg;?:] Soil ggfctk :?2?( {rﬁ?le
1 AIA Engineering Limited. 11.00 1.00 |5.00 | 5.00 3.50
2 C.R.P.F Gate No.-1 11.00 1.00 |6.00 | 4.00 4.20
3 Mahindra Company 11.50 1.50 | 6.00 | 4.00 4.30
4 Ambru Batti Chowk (Near Dharam kantta | 11.50 1.50 | 10.00 | - 4.05
)
5 Toll Tax Naka 11.00 1.00 | 10.00 | - 4.25
6 Super Enclave, Opp. Prashant Trading 11.50 1.50 |10.00 | - 5.30
7 Hingna T. Point 10.50 0.50 | 10.00 | - 4.70
8 Karankutti Hotel 11.00 1.00 | 10.00 | - 4.60
9 Pump House (G.C.C.R.P.F) Nagpur. 10.50 0.50 | 10.00 | - 5.10
10 Subhash Nagar Chowk, 12.50 250 |9.00 |1.00 4.20
11 Nagpur Improvement Trust, Crazy Castle. | 13.00 3.00 |10.00 | - 4.40
12 Tanveer Hotel 12.50 250 |10.00 | - 3.40
13 Leela house (Near Ambajhari T.Point) 12.00 200 |850 |1.50 3.60
14 L.A.D. Chowk 13.00 3.00 | 10.00 | - 5.10
15 Shankar Nagar chowk 13.00 3.00 |10.00 | - 5.15
16 Adrash S.S High School 12.00 2.00 | 10.00 | - 5.10
17 Dharampeeth Vidhyalay 14.00 4.00 | 10.00 | - 4.90
18 A.M.I.E (Nagpur Local Center) 14.00 4.00 | 10.00 | - 5.50
19 M.J Collage 14.50 450 | 10.00 | - 4.90
20 Jhansi Rani Chowk 14.00 4.00 | 10.00 | - 5.10
21 Munje Chowk 14.00 4.00 | 10.00 | - 5.70
22 Railway Push Box. 14.50 450 |10.00 | - 4.60
23 Nagpur Corporation octroi Naka - 13 14.00 4.00 | 10.00 | - 4.20
24 Hazrat baba majar 14.00 4.00 | 10.00 | - 5.30
25 Mayo Hospital 12.00 2.00 | 10.00 | - 3.90
26 Sewa Sadan Chowk 13.00 3.00 | 10.00 | - 4.50
27 Gandhi Bagh (Bus Stop) 12.50 250 |10.00 | - 4.35
28 Chittarawali Chowk 13.20 3.20 | 10.00 | - 4.70
29 Darodkar Chowk 13.15 3.15 | 10.00 | - 4.60
30 Rahate Hospital 14.50 450 |10.00 | - 4.75
31 Telephone Exchange 16.00 6.00 | 10.00 | - 7.20
32 Chapro Nagar Chowk, Bharat Furniture 16.00 6.00 | 10.00 | - 5.30
33 Ambedkar Chowk, 17.50 7.50 | 10.00 | - 4.90
34 Ali Electrical, Vardhman Nagar Chowk 16.50 6.50 | 10.00 | - 7.40
35 Near Mahalaxmi Collaction 18.50 8.50 | 10.00 | - 6.40
36 Sapna Bar & Restorent 17.00 7.00 |10.00 | - 4.30
37 Radhe Krishan Hospital Chowk 17.50 7.50 |10.00 | - 7.30
38 Desi Wine Shop 21.00 10.00 | 10.00 | - 7.60
39 Gomti Hotel, Near P & B Bank 25.00 10.00 | 10.00 | - 7.30
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5.7.4.4 TYPE OF FOUNDATION :
TYPE OF FOUNDATION :NORTH — SOUTH CORRIDOR

A : Bored Cast in situ RCC Pile
Depending on the field and laboratory observations of subsolil strata, test results and the
type of structures proposed at site, the most feasible soil-foundation system is
recommended as normal bored cast in situ R.C.C. piles foundations of 0.80m & 1.0m
diameter at different depths with cut-off level at 1.50m to 2.0m depth below existing
Ground level.
The safe load carrying capacities of these piles are given in following table.

Table :5.6 RCC PILE DETAILS FOR NORTH - SOUTH CORRIDOR

Borehole | Dia. of | Cutoff Depth, m = F_)”e Capacity

Nos Pile level ' pr:eSSIO Uplift Lateral

) 080 | 1.50 19.00 185.0 90.0 9.0

100 | 1.50 19.00 300.0 1200 | 120

) 3 080 | 150 11.00 170.0 0.0 9.0

! 100 | 1.50 11.00 250.0 50.0 12.0

15 080 | 150 10.50 170.0 45.0 9.0

e 100 | 1.50 10.50 250.0 50.0 12.0

g 080 | 150 10.00 150.0 35.0 9.0

! 100 | 1.50 10.00 225.0 45.0 12.0

. 080 | 150 15.00 220.0 85.0 9.0

100 | 150 15.00 320.0 100.0 | 12.0

" 080 | 1.50 10.00 150.0 35.0 9.0

100 | 150 10.00 225.0 45.0 12.0

1516 080 | 150 11.00 170.0 0.0 9.0

100 | 150 11.00 250.0 50.0 12.0

- 080 | 150 12.00 180.0 45.0 9.0

100 | 150 12.00 260.0 55.0 12.0

080 | 150 10.00 150.0 35.0 9.0

181021 50 150 10.00 225.0 45.0 12.0

231028 | 080 | 150 10.00 140.0 33.0 9.0

100 | 150 10.00 210.0 40.0 12.0

080 | 150 10.00 150.0 35.0 9.0

291032 55 1.50 10.00 225.0 45.0 12.0
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Note:
1. For design purpose, water table shall be considered at cut off level.
2. For design purpose, effective overburden pressure at pile tip should correspond
to pile length equal to 15 times the diameter.
3. The above values should be confirmed through pile load tests in the field before
adopting these values for design purposes.

B: Open square footing

Depending on the field and laboratory observations of subsolil strata, test results and the
type of structures proposed at site, the types of foundations, depths and net safe bearing
capacities recommended for design purposes are given in the following table. The net
SBC/API in the following table are the lower of the values obtained from shear failure
criterion as per IS: 6403 and settlement failure criterion as per IS: 8009, Part-I.

For Bore Hole Nos : 10to 13,22 & 33to 41 :

Table :5.7 OPEN FOUNDATION DETAILS FOR NORTH — SOUTH CORRIDOR
For Permissible settlement = 40.0 mm

Type of Depth of Size of Foundation Net Safe Bearing Capacity/
Foundation | Foundation (m) Allowable Pressure Intensity
(m) (t/m?)
Square |5 50 10 3.0 5.010 6.0 20.00
footing

Note: For design purpose water table shall be considered at foundation level.

TYPE OF FOUNDATION : EAST - WEST CORRIDOR

A : Bored Cast in situ RCC Pile

Depending on the field and laboratory observations of subsoil strata, test results
and the type of structures proposed at site, the most feasible soil-foundation
system is recommended as normal bored cast in situ R.C.C. piles foundations of
0.80m & 1.0m diameter at different depths with cut-off level at 1.50m to 2.0m
depth below existing Ground level.

The safe load carrying capacities of these piles are given in following table.
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Table :5.8 RCC PILE DETAILS FOR EAST - WEST CORRIDOR

Borehole | Dia. of | Cutoff Pile Capacity
. Depth, m . .

Nos Pile level Compression | Uplift | Lateral
11 0.80 1.50 12.00 400.0 60.0 9.0
1.00 1.50 12.00 600.0 90.0 12.0
17 — 22 0.80 1.50 14.00 155.0 50.0 9.0
1.00 1.50 14.00 240.0 70.0 12.0
23— 24 0.80 1.50 14.00 180.0 60.0 9.0
1.00 1.50 14.00 250.0 75.0 12.0
25 _ 29 0.80 1.50 12.00 150.0 40.0 9.0
1.00 1.50 12.00 220.0 50.0 12.0
30— 31 0.80 1.50 14.00 170.0 50.0 9.0
1.00 1.50 14.00 240.0 70.0 12.0
32 0.80 1.50 12.00 170.0 40.0 9.0
1.00 1.50 12.00 250.0 50.0 12.0
33_34 0.80 1.50 15.00 200.0 80.0 9.0
1.00 1.50 15.00 300.0 100.0 12.0
35 _ 37 0.80 1.50 15.00 190.0 75.0 9.0
1.00 1.50 15.00 300.0 100.0 12.0
38 0.80 1.50 15.00 180.0 80.0 9.0
1.00 1.50 15.00 250.0 100.0 12.0
39 0.80 1.50 20.00 200.0 80.0 9.0
1.00 1.50 20.00 300.0 100.0 12.0

Note:

1. For design purpose, water table shall be considered at cut off level.

2. For design purpose, effective overburden pressure at pile tip should correspond
to pile length equal to 15 times the diameter.

3. The above values should be confirmed through pile load tests in the field before
adopting these values for design purposes.

B : Open square footing

Depending on the field and laboratory observations of subsolil strata, test results and the
type of structures proposed at site, the types of foundations, depths and net safe bearing
capacities recommended for design purposes are given in the following table. The net
SBC/API in the following table are the lower of the values obtained from shear failure
criterion as per IS: 6403 and settlement failure criterion as per IS: 8009, Part-I.
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Table :5.9 OPEN FOUNDATION DETAILS FOR EAST-WEST CORRIDOR
For Permissible settlement = 40.0 mm

Type OT B/Hole Depth O.f Size OT Net Safe Bearing Capacity/
Foundatio No Foundatio | Foundation .

Allowable Pressure Intensity

n n (m) (t/m?)

(m)

1-9 2.50-3.0 5.0t0 6.0 25.00

10&12 3.0 5.0t0 6.0 20.00

Square 1753 3.0 5.010 6.0 20.00

footing
14 -15 | 3.00 - 4.00 5.0t0 6.0 25.00
16 3.0 5.0t0 6.0 20.00

Note: For design purpose water table shall be considered at foundation level.

5.8 LAND

5.8.1 The alignment and profile

Both the alignments are elevated except around 4.6 Km at Grade alignment. Total 36
stations are proposed in both corridors, Out of which 02 are at grade and 35 are
elevated.

5.8.2 Land Requirement for following Major Components

MRTS Structure (including Route Alignment), Station Building, Platforms, Entry/Exit

Structures, Traffic Integration Facilities, Depots, etc.

Receiving/Traction Sub-stations

Radio Towers

Temporary Construction Depots and work sites.

Staff quarters, office complex and operation control centre(OCC)
5.8.3 Land for Underground stretches
No land at surface is required permanently for underground section, except for small
areas for entry/exit structures, traffic integration, chilling plant and ventilation shafts at
stations. These will be located either on footpath edge or in front marginal open setback
of the building along the road.
5.8.4 Land required for elevated stretches

For elevated section, single pier supporting the viaduct will be located on the middle of
road so that the existing roads remain in use as usual. Accordingly, necessary
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permission for using such right-of-way will have to be obtained from the concerned
authorities. Elevated station is generally proposed with elevated concourse so that land
is required only for locating the entry/exit structures. Traffic integration facilities are
provided wherever the same are required and, but no land is proposed for acquisition.

The normal viaduct structure of elevated Metro is about 10 m (edge to edge) wide.
Ideally the required right of way is 10m. However, for reasons of safety a clean marginal
distance / setback of about 5 m is necessary from either edge of the viaduct (or 10 m on
both sides of the centre line) wherein no structures are to be located. This is necessary
as the traction system as proposed is overhead 25 kV ac systems with masts fixed on
the parapets. Also, it ensures road access and working space all along the viaduct for
working of emergency equipments and fire brigade. In stretches, where the elevated
alignment has to be located away from road, a strip of 20-m width is proposed for
acquisition.

5.8.5 Land for Switch-over Ramps

Switch-over ramps are required for transition from the underground to elevated section or
vice versa. The ramp covers a stretch at ground for the whole width of structure for two
tracks (about 10.5m including the protection works). The length of ramp above ground
depends on the existing ground slope and the gradient provided on Metro alignment
(normally 3% to 4%). Thus the ramp is to be located in an area where sufficient road
width is available or in an open area. On this corridor, three such ramps are provided on
the both the corridors.

5.8.6 Land for Traffic integration

Certain land is required for traffic integration at the each station. Efforts have been made
to identify land required for traffic integration at each station to facilitate park and ride
facility, but it is not possible to find open space at all the locations. Hence land for traffic
integration has been marked in the drawing wherever is available.

5.8.7 Land for Traction and Receiving Substation and Radio Towers

Four RSS are proposed to be located for both the corridors. Hence, an area has to be
earmarked at Kasturchand Park. The exact location will be decided at the time of
implementation of the project. Similarly, four radio towers are also being proposed to be
located at four locations occupying an area of 100 m? (10 m X 10 m each plot) for each
radio tower.
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5.8.8 Land Requirement for Stations & Running section

The station is generally located on the road median. Total length of the station is ~140m.
All the stations are two-level stations. The concourse is planned along the whole length
of the platform with staircases leading from either side of the road. The maximum width
of the station at concourse is ~22m. Passenger facilities like ticketing, information, etc as
well as operational areas are provided at the concourse level. The staircase giving
access to concourse area from ground will be located at the edge of footpaths or in front
marginal open setback of the buildings in the as far as possible in the open space.
Nevertheless it is not possible to find open space at all the locations therefore acquisition
of certain private structures is inevitable. At curved portions, the alignment could not be
kept in the centre of the road and land acquisition at such locations is inevitable in spite
of introduction of sharper curves.

To the extent possible the Entry and Exit points of stations (underground and elevated)
were planned on the foot paths. But, for locating other station facilities such as chiller
plants, ventilation shafts, underground water tanks, generator set room etc., land
acquisition is proposed The details of land permanently required for depot, running
sections and stations are indicated in the Table 5.10, Table 5.10 A, 5.10 C, 5.10 D and
Table 5.10E.

Table 5.10: Details of Land Required for Depot
S. No. Plot No. Location Area (approx) Ownership Purpose
L. DP1 KHAPRI 33.90 hectares Government Depot
2 DP2 SRP LAND 25.89 hectares Government Depot
Table 5.10 A: Details of Land Required for Running Section
EAST-WEST CORRIDOR
EATS-WEST CORRIDOR
S.NO PLOT NO AREA(Sgm) OWNERSHIP

1 RS-1 82 Govt.

2 RS-2 215.8 Pvt.

3 RS-3 34.7 Govt.

4 RS-4 1930.3 Pvt.

5 RS-5 129.5 Pvt.

6 RS-6 86.8 Pvt.

7 RS-7 25.8 Pvt.

8 RS-8 590.9 Pvt.

9 RS-9 2594.8 Govt.

10 RS-10 543.8 Govt.

11 RS-11 923.9 Pvt.

12 RS-12 550.5 Pvt.
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EATS-WEST CORRIDOR
S.NO PLOT NO AREA(Sgm) OWNERSHIP

13 RS-13 584.9 Pvt.
14 RS-14 278.4 Pvt.
15 RS-15 40.3 Pvt.
16 RS-16 2290.1 Pvt.
17 RS-17 11.6 Pvt.
18 RS-18 22.1 Pvt.
19 RS-19 14.7 Pvt.
20 RS-20 1.8 Pvt.
21 RS-21 4.8 Pvt.
22 RS-22 34.8 Pvt.
23 RS-23 0.9 Pvt.
24 RS-24 3.9 Pvt.

Total Land = 8936.1Sgm

Govt. = 3255.3 Sgm.

Pvt. =5680.8Sgm.

Table 5.10 B: Details of Land Required for Running Section

NORTH SOUTH CORRIDOR

RUNNING SECTION OF NAGPUR METRO RAIL PROJECT
NORTH-SOUTH CORRIDOR
S.NO PLOT NO AREA(Sgm) OWNERSHIP
1 RS-1 35.3 Pvt.
2 RS-2 108.8 Pvt.
3 RS-3 11.3 Govt.
4 RS-4 1.9 Pvt.
5 RS-5 55.1 Pvt.
6 RS-6 60.9 Pvt.
7 RS-7 53.1 Govt.
8 RS-8 198.6 Govt.
9 RS-9 152.4 Govt.
10 RS-10 31.5 Pvt.
11 RS-11 25.3 govt.
12 RS-12 29.1 govt.
13 RS-13 105.6 Pvt.
14 RS-14 3746.4 Pvt.
15 RS-15 553.1 Govt.
16 RS-16 67.4 Govt.
17 RS-17 122.1 Govt.
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