I. Introduction

During the second half of
the last century, urban
population in India had
grown enormously, While
population of the country
increased from 361 million
in 1951 to 1.03 billion* in
2001 (in the last 10 year
itself i.e. 1991-2001, the
population of the country
has increased by 21.34%%),
the wurban population
increased from 62 million
to 285 million* during the
same period. Thus, the
percentage of the urban
population to the
population of the country
went up from 17.2% in
1951 to 28%* in 2001,
Also, the number of cities
with a population of one
million and above has
steadily increased from 5 in
1951 to 35% in 2001, This
level of urbanisation has
brought in its wake its own
problems, especially with
regard to its impact on the
infrastructural facilities.
The urban transportation
systems have come under
heavy strain and this has
adversely affected the
quality of life of urban
dwellers. Public transport
facilities provided by buses
or suburban trains are
grossly inadequate for
meeting the increased travel
demand and providing a
fast, comfortable and
convenient travel [Sreedha-
ran (2000)]. This has
resulted in a heavy decline
of patronage for mass
transit facilities and an
increased use of private and
intermediate transport,
which needs to be reversed
in order to stop the further

degradation of life of urban dwellers.

2. Classification of Mass Transit Modes
Comman-carrier urban passenger transport mode is known
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In the early stages of growth of any city, the vehicular trips are
all road-based and are confined to modes like cycles,
personalized cars, two-wheelers, and intermediate public
transport (IPT) modes like cycle rickshaws, tongas, taxis, three-
wheelers, tempos etc. As the city's population and size grows
further, commuter trips tend to get concentrated on particular
sections and routes and call for a larger transport unit like a
mini-bus or a standard bus, which forms part of the public
transport system. In larger cities, public transport sysiem plays
an increasingly important role. In cities like Kolkatia, Mumbai,
Delhi, and Chennai, suburban rail services carry sizeable
volumes of commuter trips. In Kolkatta, tramways also play a
noticeable role besides the metro rail operation. With the
increase in city complexities and advancement in technology, new
systems like Automated Guided Transit (AGT) will soon be visible
in metropolitan cities of India, the sign of which can already be
seen with the proposal of Skybus system (a suspended type AGT)
for Mumbai city [GOM(2000)].

While making selection of a particular mode of mass transport
for any Indian City, the criteria should essentially be the volume
and pattern of travel demand. But, besides this, the systems
should also be judged by their, suitability for Indian conditions;
effectiveness and efficiency in dependably performing their
designated role(s); flexibility of operation, with wide
applicability; capital requirement; energy sources and
consumption; environmental impact, from the point of view af
pollution and noise; aesthetics, including ‘image’; available
technology and indigenous capability; proven or non-proven
technology; and future potential (especially in technological
advancements),

The present paper studies, in detail, the alternative systems aof
wrban mass transit and their system characteristics, and tries to
establish their suitability for Indian Cities of various size and form.

as fransit, mass fransit, or
mass transportation. These
are transport systems with
fixed routes and schedules,
available for use by all
persons who pay the
established fares. Transit is
described as *Census 2001
figures fixed route, fixed
schedule service. The best
known classification of
transit modes is into three
generic classes based
mostly, but not entirely, on
right-of-way (R/W) type
[Gray et.al.(1979)]. They
are street transit or surface
transit, semirapid transit,
and rapid transit or mass
rapid transit systems.

2.1 Street transit or
surface transit
It designates modes
operated on streets with
mixed traffic (i.e. R/W
category C); its reliability
is often low because of
various interference, and its
speed is lower then the
speed of traffic flow, owing
to the time lost at passenger
stops. This class includes
the following modes: -

l. Mini Bus: These are
smaller diesel or petrol
driven buses, and have
their present use largely
in private operation.
They are useful for
narrow, crowded streets,
where large buses have 2
problem in manoeuvring.
and also for low demand
routes where provision
of large buses may prove
to be uneconomical,

2. Regular Bus (RB): It
consists of single-decker
buses operating along
fixed routes on fixed
schedules. Buses com-

prise by far the most widely used transit mode. The more the

travel demand is concentrated along corridors, the more

advantageous the regular bus becomes. The most typical bus
services are street transit routes, which may represent the
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entire transit network (small and most medium size cities)
or supplementary and feeder services to rail networks,

. Double-decker Bus: This is a higher capacity bus, with a

design capacity of about 114 and crush capacity of 130.
The bus is of similar size to a regular bus, though of course
higher, with a more powerful engine. It is however slower
for two reasons, namely power-to-weight ratio and longer
stop times. It is not as economical (mainly due to its high
capital cost) as regular bus. In addition, it has a
disadvantage that all flyovers, elevated rights-of-way,
bridges etc. need clearance of 5.5m instead of 4-4.5m.

4. Articulated Bus: These buses are usually 55 feet or more in

8.

length with two connected passenger compartments that
bend at the connecting point when the bus turns a corner. It
is not recommended, though it has a higher capacity
because its extra length creates its own
problems under Indian traffic conditions, The
driver can't be as aware of the rear of the bus,
and cornering is more difficult. As important is
the fact that at stops the driver is not able to
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bus while operating in a section of route equipped with
guided-bus infrastructure. The guidance could be lateral,
central, or electronic. The theoretical maximum capacity
quoted for guided buses is 12,000 pphpd, but the realized
capacity of the guided busway system as observed in
Adelaide, Australia, is around half the theoretical capacity
just quoted.

9. Battery Operated Buses: Battery operated buses have low
range and speed capability, and cannot be used on a large
scale in a city. However, they offer the following
advantages as a low capacity (500-1000 pphpd) people
mover in a congested area
- Economic at low speeds with frequent start/stops.

- Low noise.

- Small in size, so easy 1o manoeuvre.

They should be considered seriously for short routes and
low demand routes in city areas.

Table 1 shows the system characteristics of some selected
street transit systems.
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the operator's revenues, financial problems of
transit agencies have often led to substitution of
buses for trolley buses.

. Streetcars (SCR) or tramways: are electrically powered rail

transit vehicles operating mostly on streets. Their tracks
and distinct vehicles give transit service a strong
identification. When compared with buses, the streetcars
have: more comfortable ride, quieter and pollution free
operation, better vehicle performance, higher labor
productivity (large vehicles), higher line capacity, but
higher investment cost, less reliable street operation unless
transit enjoys priority treatment, less flexible operation,
higher maintenance, and greater impedance of other traffic.
Tram is by far the most expensive street transit mode, as
well as with very low capacity.

Guided buses: free the driver from the task of steering the

Table-1: Systems' Parameters for Street Transit

2.2 Semirapid transit

It consists of modes utilising mostly R/W category B [i.e.

R/W types which are longitudinally physically separated (by

curbs, barriers, grade separation etc.) from other traffic, but

with grade crossings for vehicles and pedestrians, including
regular street intersections]. This class includes the following
modes:

1. Semirapid buses (SRB): are regular or high-performance
buses operating on routes that include substantial sections
of B/W categories B. Performance of such systems
depends greatly on proportion and locations of separated
R/W sections, R/'W types, types of operation.

2. Light rail transit (LRT): is a mode utilizing predominantly
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reserved, but not necessarily grade-separated R/W. Its
electrically propelled rail vehicles operate singly or in
trains. LRT provides a wide range of Level-of-service
(L/S) and performance characteristics. LRT compared with
SRB on the corresponding alignments is characterized by:
easier securing of B or A R/W, stronger image and identity
of lines (rail technology), more spacious vehicles, higher
passenger attraction, low noise, no exhaust, better vehicle
performance due to electric traction, higher system
performance, ability to operate in tunnels, ability to
upgrade into rapid transit, but lower frequency for a given
demand due to larger vehicles, a need to introduce new
facilities for a different technology in case of a new
application, lower ability to branch out and hence requiring
more transfers, and a longer implementation period.

2.3 Rapid transit or mass rapid transit system

These modes operate exclusively on category A R/W (i.e. a
fully controlled R/W without grade crossings or any legal
access by other vehicles or persons) and have high speed,
capacity, reliability and safety. All existing rapid transit
systems utilize guided technologies (rail or rubber tire), that
permit operation of trains (high capacity) and automatic
signal control (high safety). This class includes the following
modes:

L.

g

Rubber-tired rapid transit (RTR): consists of moderately
large vehicles (gross floor areas between 36 and 53 m*-
380 and 570 ft*) supported and guided by rubber tires,
running on wooden, steel, or concrete surfaces in trains of
Jto 9 cars.

. Rail rapid transit (RRT): typically consists of large four-

axle rail vehicles (area up to 70 m*-750 ft*) which operate
in trains of up to 10 cars on fully controlled (A) R/W
which allows high speed, reliability, capacity, rapid
boarding, and fail-safe operation (in the case of driver’s
error or disability, the train is stopped automatically).

. Regional rail (RGR), usually operated by railroads, has

high standards of alignment geometry. It utilizes the largest
vehicles of all transit systems (up to B0m®-860ft*) which
operate in trains, on longer routes, with fewer stations, at
higher speeds than typical for RRT. Thus. RGR
functionally represents a “large-scale RRT" which serves
most efficiently regional and longer urban trips,

2.4 Special Transit

Specialised transport system are those which may have a role
to play in a specific part of a city, without in any way forming
a substantial part of the urban transport network. These are:

l.

Magnetic Levitation: In levitation systems the coach is
suspended in air by magnetic levitation or by air cushion.

The reason for the development of these technologies was
to overcome the problems of vibration and resonance,
which make it virtually impossible for normal trains to
exceed 300 kmph. The air cushion system is still
experimental and is not seriously considered. Till now,
only small systems have been constructed at low capacities

of 2000-3000 pphpd. Under Indian overloading patterns,
the magnets may need to be augmented, and may need
remagnetising more often.

. Monorails: They have been designed for their low

guideway cost, but have three main drawbacks:

- Low capacity (up to 15-20,000 pphpd).

- No form of emergency evacuation, so a low safety factor.
- Complicated guide wheel system.

Primarily since the monorail is designed for low capacities,
and cannot meet the necessary demand levels in India, it
has not been seriously considered, till now.

3, Water Borne Transport: Water borne transport should be
taken more seriously since most cities are either by the sea
or on a river, and water transport may be able to take some
of the load if traffic demand is across or along water.

4, Automated Guided Transit (AGT): AGT modes are low
capacity rail based system of lightweight construction, and
totally automated. They consist of two groups: personal
rapid transit (PRT), with small vehicles serving individual
parties only, and group rapid transit (GRT), also known as
people mover systems (PMS), with somewhat larger
vehicles (15 to 50 spaces) designed mostly for short-haul
medium capacity lines. AGT is classified as special transit,
together with other proposed and specialized modes. This
class of transit contains both supported and suspended type
of technologies. These modes basically provide service in
such areas as shopping centres, commercial areas, airports
etc. as an enhancement to the area's activities. Table-2
shows the system characteristics of some selected rail
based transit systems.
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Table-2: Systems' Parameters for Rail Based Transit

3. Detailed Capacity Assessment of Some Selected
Technologies

Certain mass transit systems were excluded from further
consideration. Technologies such as rubber tyred rapid transit
(RTRT), monorails, automated guided transit (AGT) were
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rejected on the grounds that they use non-proven technologies
or technologies which have experienced operating problems
or technologies which don't have the precedence of their
application in India. MAGLEV was excluded from further
assessment on the ground that it has few successfully
operating examples already in existence in the world. Guided
bus was not given any further explicit consideration, because
it was felt to offer few significant advantages to compensate
for the considerable disadvantages, including the capital cost
of the guideway structure and the equipment on the buses.
Trolleybuses were eliminated for similar reasons (higher
capital cost not offset by any substantial advantage) and
because- compared with ordinary buses- their operation
would be restricted to routes which are equipped with
overhead wires,

Hence, the technologies and system which were studied in
detail for their capacity ranges are: Standard Bus, Double-
decker Bus, Articulated Bus, LRT1 (operating in R/W
category B and C), LRT2 (operating in R/W category A),
Rapid Rail Transit (RRT or Metro), Regional Rail Transit
{Suburban Railway).

For calculating the passenger capacity in the peak direction
during peak hour, the following equation has been used:

EQI‘ Eug
(1
Buses (Seats  Possengers  Standi m’)  Standees
Passengershr./din= —— | —— « —_— o i )
hr. %\ Bus Seat Bus o’

For Rail Systems

i Trains
Passengers/hr fdir=——— x —
hr. Traln

E'BII(FHE‘-‘!LS Passengers  Standing arca (m') Slandmcs}
Car Seal o

(-,‘;r m?
(2)

Following are the values taken for some general parameters,
to be used in capacity calculation:

l. The general space required for one seat for quite a
comfortable sitting position = 0.32 nv’,
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3. Normal load for standees = 5 Standees/m?®.

4. Crush load for standees = 8 Standees/m*

The Highway Capacity Manual 2000 takes 3 Standees/m® as
the crush load (Table-3), which can not be thought of in a
country like India, hence, based upon some earlier studies
done [GOI(1987), SMART(1998)], the above values of
normal and crush load has been taken.

3.1 Conventional Bus on Busway

The bus sizes (L*B) taken for capacity calculations are as
follows: -

Large Single-decker Bus - 10m * 2.5 m

Double-decker Bus -91m*24m

Articulated Bus -16m*25m

The carrying capacities of buses were obtained for normal
and crush load and are shown in the Table-4. The figures
shown below are similar to the capacities observed in
Mumbai.

Type of Bus Seats Normal Lead | Crush Load
Single-decker Bus | 15 76 100
Double-decker Bus 70 114 130
Articulated Bus 75 118 150
Source: SMART(1598)

For large urban single-deckers and double-deckers, maximum
service frequency on a single-lane busway is determined by
operational safety and station/stop capacity, estimated at
about 85 buses per hour per direction with normal breaking at
bus-stop arrivals. For articulated buses on a single-lane
busway, maximum service frequency is estimated at 80 buses
per hour per direction with normal breaking standards.
Maximum service frequency can be significantly increased if
the busway consists of a double lane in each direction of
aperation- a maximum frequency of 240 buses per hour per
direction with normal breaking at stops and stations is
possible. Based on these values, and the carrying capacities of
buses shown in Table-4, the carryving capacity of different
type of busway is calculated and summarised in Table-5.

2. The average seats-to-standees ratio for a single vehicle R e : T
. 2 Mo, of lames | 2 F]
train unit = 0.35. gl Ao
: . 4 L T per direction
(The ratio was kﬂpl a little low, with the aim to maximise Bas type Large urban | High eapasity | Arieulased Large urban | High capacity
the system's capacity) single-decker | double-decker single-decker | double-decker
LOS Bus ! Rail | Comments Overtaking | No Mo No Yes Yes
m'p Piseat mip Plseat o |
| Buseshridir. | 85 g5 &0 240 | 240
A >1.20 0.00-0.50 =] .85 | 0,00-0.50 | Mo passssger sesd it nea i noiben] By
- i (headwny (headway (headway | (headway {headway
B 0.80-0.19 | 0.51-0.75 | 1.30-1.35 | 0.51-0.75 | Passengen cas chaoss whsre s st breaking) [
- T 42 sec.) 42 zac) 40 zec.}) 15 sex.) 15 sec.)
i ., | 0.76-1. 05-1.2 L Th=1. All pa oan ali
o | #easw | STELIG | 0120 | 00100 vy Pphpd 6,460 5,600 9440 15,240 27,360
D 0.50-0.539 | 1.01-1.25 | 0.50-0.94 | 1.01-2.00 | Comforstls oading for nandees (narmal load)
E | 0.40-049 | 126-150 | 0.30-0.40 | 2,01-3.00 | Moo whedule oad Fphpd crush | 5,500 | 11,050 | 12000 | 24000 | 31.200
F | <040 | =150 | <0.30 | >3.00 | Coenies i

‘Source: HOM{I000) ) :
Table-3: Passenger Load LOS as per HCM 2000

Table-5: Capacities of Different Types of Busway
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3.2 Light Rail Transit 1 (LRTI)

LRT1 operates in R/W category B or C with some interference
from other traffic. The disadvantages are low system capacity
and susceptibility to traffic congestion, leading to low service
level including low commercial speed and low reliability.
Following are the values taken for capacity calculation: -
Dimensions (L*B) of a light rail vehicle =25 m * 2.65 m
Effective in-vehicle length, available for passengers after sub-
tracting space for two drivers cabs at each end (approx.) =21 m.
Effective floor space = 53 m*

MNo. of seats per rake (assuming longitudinal seating
arrangement) = 65

Space needed for 65 seats =65 * 0.32 m2 =21 m*

Space for standees = (53 — 21) m2 = 32m’

Mormal capacity for standees (5 standees/m”) =32 * 5 = 160
Crush capacity for standees (8 standees/m®) =32 * § =256
Two vehicle train is assumed because of interference from
other traffic, total length of platform needed (approx.) =55 m
Minimum headway possible = 60 Sec.

Gauge = Standard gauge (1.435 m)

The capacity for Light Rail Transit 1 (LRT1) for normal and

train bogies. The disadvantage with RRT is that due to its
alignment requirements, the insertion of heavy rail transit into
an existing urban area is generally extremely difficult,
requiring extensive land and property acquisition, demolition,
route elevation or costly underground route location.
Following are the values taken for capacity calculations: -
Dimension (L * B) for a twin-vehicle unit=37.55m * 290 m
Effective floor space for passengers (approx.) =92 m’
Necessary platform length for a 6-vehicle train (3 twin-
vehicles) = 120 m (approx.)

Minimum headway possible = 1.5 min. (90 Sec.)

Seat arrangement = Back-to-back

Table-8 shows the capacity of RRT for normal and crush load.

3.5 Regional Rail Transit (RGR) (Suburban Railway)

The operation of RGR could be quite flexible compared to
RRT. Track may be shared at certain times of the day with
other services, such as inter-city or freight trains. Rolling
stock design may be more varied: electric or diesel powered,
composed of single or double-deck vehicles. Timetable may

; . ' Crush Load
crush load is as shown in the Table-6. | Sl e d FEEREE
Seats 9% 98
2 X b
| Normal Load (5 p/m”) Crush L-fud {8 p/m”} v 300 350
Seat 65 65
i - . : Vehicle Capacity 398 378
Standees 1| 160 256
_— 3 Twin-Vehicle Capacity 1,194 1,734
Vehicle Capacity 225 321
L {6 Vehicles)
2-Vehicle Train Capacity | 450 42 =
: T
Line Capacity (h-60 sec.) 27.000 38,520 Line Capacity (Headway 47,760 3
in pphpd 90 Sec.)

Table-6: Capacity of Light Rail Transit 1 (LRT1)

3.3 Light Rail Transit 2 (LRT2)

LRT2 operates totally segregated in R/W category A. Headway
is only influenced by passenger handling at stations and the
signalling and control system. Minimum headway of 90 sec.
(1.5 min.) is possible and hence been taken for capacity
calculation, The rest of the values are same as taken for LET1.
Table-7 shows the capacity of LRT2 for normal and crush load.

3.4 Rail Rapid Transit (RRT or Metro)

RRT operates with large, long carriages formed into semi-
permanent trains with a driving cab at each end to felicitate
rapid turnaround at terminals. The gauge used is Broad Gauge
(1.667m}. It requires Block-Signalling system, trains are
electrically powered from overhead catenary via a pantograph
on the train roof or from a third rail via collector shoes on the

| Normal Load (5 p/m’)

Crush Load (8 p/m’)

Seats I 68 63
Standees | 160 156
Vehicle Capacity j 235 321
4-Vehicle Train Capacity | 900 1,284
Line Capacity (h-90 sec.) | 36,000 51,360

in pphpd

Table-7: Capacity of Light Rail Transit 2 (LRT2)

Table-8: Capacity of Rail Rapid Transit (RRT or Metro)

be more flexible with some trains not calling at all stations
and some trains operating for only part of the route, in
accordance with passenger demand. System capacity depends
on the capacity of the carriages, the number of carriages per
train, the timetable (station stopping pattern) and how many
other types of train share the same track (which determines
the maximum number of trains per hour). Following are the
values taken for capacity calculation: -
Dimension (L # B) of one vehicle unit =20 m * 3.66 m
Effective floor space for standees (for seat-to-standees ratio
0.35)=(20 * 3.66) / 1.35

=54 m’
Effective seat area=0.35* 54 =19 m*
No. of seats (for 0.32 m2 area per seat) = 19/0.32 = 60
Gauge = Broad Gauge (1.667 m)
Table-9 summarises the capacity of RGR for normal and
crush load.
Table-10 shows how line capacity varies with headway and,
in the case of rail-based options, the number of cars or units
which are coupled together to form a train. The table shows
service headway up to 10 minutes. This implies an average
passenger wait time of five minutes. Particularly in the peak
period, the attractiveness of the transit mode will be increased
as headway, and therefore wait times, is reduced. However, at
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very short headway the difference in wail times may be
imperceptible to the passenger. For example. increasing
service headway from two to four minute increases waiting

| | Normal Load Crush Lum;ll,
'Seats ' 60 60 |
Standees 270 432
Vehicle Capacity 330 4492
Train Capacity (% Vehicles) 2970 | 4428 |
|Line Capacity (Headway- 3 59,400 | 88,560 |
mir.}

Table-9: Capacity of Regional Rail Transit (RGR)

time by only one minute (half the two-minute difference in
headway). For rail-based modes, it may be cheaper to operate
longer trains at a wider headway and the planner must aim to
maximise the financial performance of the transit system by
optimising the combination of headway and train length.

4. Suitability of Transit Systems for Different Travel
Demands for Indian Cities
After doing the detailed capacity assessment of some selected
mass transit technologies, their suitability for different travel
demands for Indian cities can be ascertained. Hence, based on
the analysis done in the previous section, the following travel
demand ranges, within which a particular mass transit system
is suitable for operation in Indian cities, can be established: -
Street transit system = Up to 12,000 pphpd
(Mini-bus, single decker standard bus, double-decker and
articulated)

LRTI = 12,000 to 36,000 pphpd
LRT2 = 36,000 to 50,000 pphpd
ERT (Metro} = 50,000 to 69,000 pphpd
RGR = 59,000 to 89,000 pphpd

The above ranges can be taken as the basis for determining
the suitability of transit systems for Indian cities of different
population sizes and forms based on the peak hour passenger
per direction (pphpd) count on major corridors within the city.

Tahle-10: Capacity of MRT Systems by Headway and Cars/Units Per Train

(Crush Load: 8 Standees Per Square Metre)
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Light Rail Transit-2 | 2 T5680 | 19260 | 13880 | 9630 | 7704 | 6430 | 4815 | 3852 ppeoach corud be; o 08
Light Rall Tramsie2 | 3 - - 5w | w0 | T | e | aw [ wew | 7am e || Study on hypothetical
Ligh ®all Transi2 | & | - - : STy | wem | msenn | e | 1sn [ 1w | wew | wos || cities of various popula-
Rapid Rail Transil ] N . v 23020 | 17340 | 11560 | B&TO | 6936 | 5780 | 4333 | 3468 tion size, urban form, and
(twit vehicle) spatial structure and
Rapid Rail Transil F] s 46340 | 39680 | 23120 | 17340 | 13872 | 11560 | Be70 | 638 correspond them with
{ewin vehicle) Indian Cities. to obtain a
Rapid Rail Transit 3 - ig 69360 | 52000 | M&RD | 25010 | Z0RGE | 17340 | 13005 | 10404 fair estimate of the peak
{nrnveiikic) a hour passenger travel
Rl:gfmli Rail Transit | 3 - - 0520 | 23040 | ITTIZ | 14760 | 11070 | EBSG demand. and which can be
Regional Rail Transit | 6 - % 39040 | 24280 | 35424 | 29520 | 22140 | 17712 taken as the basis for
it it " - - - X " ] . g
thgl.nql; :.:I.II Tn-l;ll ﬂjg?&' - EB5G0 [ ] 51136 44250 EEITH] 26564 ﬂsﬂﬂr[ﬂjning [hE sultablln}r
Compri AR ] .
od Jrom SRS AU of transit system for any

Indian city.
Based on the physical



Trasporti Furopel -

form, cities could be circular, semi-circular, or linear/grid.
Also, they could be mono-nuclear (mono-centric), if they are
having a single central business district (CBD), or poly-nuclear
{poly-centric), if they are having other district business centres
{DBCs) along with a CBD. They can also be called uniform, if
equal employment opportunities exist at CBD and other DBCs,
or non-uniform, if it has a dominant CBD plus other DBC's
with equal employment opportunities [GOIl (1987)]. The
distribution of population and population density in a model
circular city can be suitably assumed as follows:

S.No. | Residential Structure Population Disposition
1. Inner Belt 200 10%@ 600 persons’hectare
T I- Intermediate Belt 60% 60 250 pdrﬂm.i-’h_ccm
3. | Cter Belt 20%% 30%@E 100 persons/hectare

Tahle-11: Distribution of population and population density

in a model circular city

Circular City Form: For each population range the median
population is distributed in three belts, inner, intermediate, and
outer, in proportions of 10%:60%:30%, at population densities
of 600, 250 and 100 persons per hectare respectively (Table-
11). This fixes the dimensions of a hypothetical city of given
population range and median population. The three belts are
further divided into four quadrants each. Centriods for the
twelve population zones so created are computed together with
the compasite centriods of the three belts in each quadrant. The
radial distance of the composite centriods, specifies a ring for
‘optimal’ location of one DBC each for the four quadrants in
addition to the CBD at the centre of the city. For the
polynuclear non-uniform circular city structure the CBD has a
dominant employment size of 1/2 of the total employment of
the city, while the remaining four DBCs have each a uniform
share of 1/4 of the remaining half of the total employment. In
the case of uniform polynuclear circular city structure, the
CBD and four DBCs each have a uniform size of 1/5 of the
total employment of the city. In mononuclear activity structure
the total employment is concentrated at the CBD.

The structuring of the circular city in the manner described
above is based on recognizing four major radial corridors and
a ring (peripheral) corridor passing through the four DBCs in
the polynuclear structure. The total trip volume in thousands
per day can be computed from the basis of the population size
of the city by using the following equation:

T,=-395.1118 + 1.2914 P (3)
P 08542 10.3882 R'=89.91%
Confidence level 20.38%  100%

Where, T, = Trip volume in thousands per day
P = Population in thousands per day

After getting the total trip volume and calibrating the gravity
model for each typology of circular city form, the detailed
trip assignment on radial and ring corridors can be computed
[GOI(1987)].

Semi-Circular City Form: This is again divided into three
belts with each belt subdivided into two zones, thereby giving
six population zones. The population distribution is similar to
the one assumed in the circular case. Accordingly, the various
dimensions of the hypothetical city, its population centroids,
and work centres can be located in a manner identical to the
circular case.

Linear City Form: The hypothetical linear city is assumed to
have a width of 5 kms, and a population distribution in the
three belts, viz., inner, intermediate, and outer, in proportions
of 20% : 60% : 20% at population densities of 600, 250 and
100 persons per hectare, respectively as before. With these
assumptions the necessary dimensions of the three belts, each
divided into two zones with their respective centroids and
activity centres can be worked out for each typology of the
classification considered.

Circular
Papula rulynu:h;-r Nop-umiform | I‘nl_ur;iflur Uniform | ~ Momonucler
Hon
(| B | I L
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Table-12: Projected Loading for Conceptual Directional and
Ring Corridors for Indian Cities [Compiled from GOI(1987)]

0



YERHA

The trip assignment data generated by the model for the
hypothesized city forms, structures and sizes give a
reasonable approximation for the conceptual corridor trip
volumes for cities in India, which is as shown in Table-12.
The loading for corridors obtained in Table-12 are in terms of
million trips per day for all modes, which are required to be
converted to peak hour public transport demand in terms of
pphpd for the purpose of analysis.

This can be done using the following simple conversion rule:

Peak Hour pphpd = Max. Loading 3 Peak Hour Factor 3 Peak
Directional Factor 3
Public Transport Share Factor (4)

Here, Max. Loading can be obtained from Table-12 for the
corresponding city population size and form. Peak Hour
Factor and Peak Directional Factor can be suitable assumed
as 0.1 and 0.6, respectively for Indian conditions
[GOI(1987)]. And the Public Transport Share Factor can be
obtained from Fig.-1, for the corresponding city population

90—
x
___'_,__..—-1--'—'“
o
o
L]
o
L5
Z
=f
-3
=
POTENTIAL
PROJECTED

ACTUAL 1977=78

PERCENTAGE SHARE OF PUBLIC

T T T T T T T T T T T T T
o 1 3 S 7 8 mn 13 15
FOPULATION 1M MILLION
Source: GO 198T)

Fig.-1: Modal Share of Public Transport for Cities of Different Sizes

[Source: GOI{1987)]

size. To obtain the public transport share factor, it is assumed
that the journey lengths beyond which trips by private modes
(walk, bicycle, and two-wheeler) will potentially transfer to an
attractive public transportation system together with potential
percentage transfers in the other modes is as given in Table-13.
In accordance with the estimate in Table-13, the potential share
of public transport in percentage terms, against the population
of a city, are computed through simple and relatively straight
forward statistical calculations, and are as shown in Fig-1.

DINGRA

Hence, using Eq.4, the maximum peak hour public transport
demand in terms of passengers per hour per direction (pphpd)
can be computed for various city population size and forms,
and is as given in Table-14.

Mode Assumed distance beyond which Potential percentage
| 0% trips will transfer to public | transfers to public
transport transport

Walk | I 'km | 0%
Bicycle 3 km 50%
2-Wheeler 7km _ 50

Car = ‘ 10%

Cyele Rickshaw 25%
3-Wheeler 0%
Instinional 0%
Transpont Mot applicable

Mini-Bus 100%

Bus | 100

Trum 100

Train | 100%

Table-13: Potential Transfer from Other Modes

to Public Transport Modes

After getting the maximum peak hour public transport
demand, as shown in Table-14, the suitability of mass transit
systems for Indian cities of different population sizes and
forms can be ascertained by comparing the pphpd values in
Table-14 with the travel demand ranges in Section 4.0. The
result 1s as shown in Table-15. Here, the recommendation of
mass transit system for any city is based on the distribution of
peak hour demand among the alternative mass transit systems
based on their capacity and desired level of service,

Papulation Pablic Agtiviry Maximum FPeak Howr pphpd
L Transport Serwcture™ SE Clty | Semi-Cireular | Linear Ciy
Share Factor City
E 0.54 PNU 1GEB40 | 2,52,000 3,88,080
U 1,20,960 | 2,97,360 13.83,040
™
3 0.74 FNU 66,600 1,00,758 1,55,400
PU 57,720 1,19,880 1,50.960
M - -
3 0.64 FNU 27,264 | 38400 61,440
PU 74,152 19,920 62,208
M 33,408 53,280 65,280
1.5 0.58 PNU [ 10,440 16,356 | 24,360
PU 19,744 15,458 24,360
M 13,224 26,796 26,796
075 | 035 PNU 3960 | 5,040 8910
PU 3300 6.930 2510
M 4,620 5,900 9,000
0,373 053 | PNU 477 859 1272
FU 636 534 1272
M 700 1272 1272
0] P = Pobymaclasr Hon:-Uimfoes, FU = Pedprscleat Unifors, 8 = Mononsc i

Table-14: Maximum Peak Hour Public Transport Demand in

pphpd for Indian Cities
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Table-15: Recommendation of Mass Transit Systems for Indian Cities

A fully integrated mass transit system (as recommended in
Table-15) will be most desirable to fully cater the public
transport demand in Indian cities.

6. Influence of Other Factors in Selection of Mass
Transit Systems

Besides the travel demand criteria, systems are judged by
their suitability for Indian conditions on: effectively and cost-
effectively performing their designated roles, flexibility of
operation with wide applicability, energy sources and
consumption, environmental and aesthetic impact, technology
including potential spin-off benefits, and export potential.
Table-20 shows a detailed comparison between different mass
transit systems based on parameters like average life,
flexibility of operation, environmental impact, energy input,
cost of system, & suitability of operation. The selection of
any particular mass transit system for any city can be made
with different trade-offs between the parameters mentioned
above. Effect of some of the parameters is discussed below: -
Environmental Impact: Urban transport affects the
environment in 3 areas, atmospheric pollution, noise
pollution, and visual pollution. One fact must be kept in mind
throughout that the public transport proportion of pollution
accounts for 5% of the total pollution caused by all vehicles.
The answer therefore does not lie in worrying greatly about
the pollution caused directly by public transport, but rather
whether it is controlled effectively, thus reducing the 95% of
pollution caused by other vehicles.

Atmospheric Pollution- In India, atmospheric pollution
derives mainly from 3 sources i.e. industrial emissions

Populati | Activity Recommentiod hass Transit System Kg of emission (per 1000 | Percent
on (M) | Strocture™ Circular Cify | Semi-Circular Cify Linear City vehicle/km) r
13 | PNU RGR-LATULRTIST | ROR-LRTULETZET | ROR*RET+LETILAT Bus = 38.05 e — I
ST |
U ROR-LRTISST ROR-LATILATZ+ST ':.ESR+R.R?+LRT1'1_P.T Truck 38,05 I 12.7
28T Car (Petrol) 49.61 [ 40.0
[ M ' ) e Car (Dicsel) 331 i
5 I PmU RRT*LATILRTZST | RRTSLRTL+ST ROR-LATILRTZIET T e 1353
P RRAT-LATILET2+5T | RET-LATZ+5T ROR-LRTILET2+5T -
Z-wheeler 2729 | 17.0
[M Source: Satsanga 1953}
3 | PNU LETI+5T LRT2+5T R.H.T-Lﬂ.TI-lRﬁf Table-16: Emissions of Different Vehicles
! PU LETI1+4T LRT2=8T | RRT-LRTULRT245T
|i [P i [ (especially power stations); smoke from cooking and heating
15 |PNU 5T ) LRTI+5T j_l.sm+s'| fires: vehicle emissions (estimated to account for 50% of the
PU B il Iesizini total emissions). The emissions of different vehicles are
M | LETI+5T LRTI#5T : LETI+5T ShUW[l i['l Tﬂbl‘:' I 5‘
035 [PNU  [ST ol i In addition, it should be realized that the higher emissions of
PU 3 1 | 5T T Carbon Monoxide (CO) from the petrol driven vehicles are
M G 5T [*= much more injurious to the health than those of diesel
0375 | PNU 5 &1 Ei powered vehicles, which are more visually repellent. This
PU |57 5T B lends further weight to the point made above-namely that it is
M 5T [*F 5T the personalised vehicles that are the real culprits. However, it
T3 TSR, = Pogaanal ol Tramen, LT = iadl Fapid Tearmir, LRLT1 = Ligha Wall Tramait 1, 0002 = Lt bt Tman 2,574 | wiould be unreasonable to try and ban or restrict PEISDI'I&HSE{I
,3::\:'_':,,,_‘,:_Muhmw_mmﬂmmh_mw vehicles from being used, unless an alternative is first

provided.

Noise Pollution- The average noise levels (at 15m) are as in
Table-17. The conclusion is again that a higher level of public
transport will be the most effective means of reducing
ambient noise levels. This is far more important than the
(minor) differences between systems, with the exception of
heavy rail. Finally, it needs to be emphasised that the
indiscriminate use of the horn in Indian traffic is perhaps the
biggest problem.

Noise Level (aveg. @ 15m high)
Standard Bus 90 48
Urban Bus 80 4B
Car/ 2-wheeler - 70 80 dB
Heavy Rail 100 dB
Magnetic (Levitated) 55dB (325 m)
Ambicnt raffic In India 90 dB |
Mormal office ambient 65 dB — i
Socrre: Satsangil 1993}

Table-17: Noise Pollution Levels

Visual Pollution- The worst visual pollution in transport is
that of congested, mixed and undisciplined traffic, again the
increased public transport share (and especially exclusive
grade separated systems) will go far to reducing this problem
Having stated that, two areas of public transport need to be
examined: vehicle design; exclusive grade separated right of
way.

Cost and Performance Comparisons- Table-20 shows the cost
and performance comparison between various mass transit
systems. As far as rail systems are considered, it's not always
possible in present urban conditions to go for any particular
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(surface, underground, or elevated) type of construction,
hence, a network should not be thought of as solely elevated
or surface or underground, but rather the three should
complement each other in a network, and fit in with the
requirement of each individual section. Table-18 shows the
comparison of the cost of constructing medium or heavy rail
system on surface, elevated, or underground for 1987 prizes.

System Total Cost (Crores/Km.)
_. | Surface 9.35
%g_ Elevared 14.9
=

Underground 27.95
Surface 10.2
33 | Elevated 1845
| Underground 31.05

—— e T

Table-18 : Total Cost of different rail based systems for 50,000
pphpd capacity in horizon year (10th year of operation)

7. A Look Ahead in Public Transportation
In the dispersed regional city of future, public transportation
will be needed to carry out five essential functions:

1. To guarantee city wise mobility for the growing number of
people who are non-drivers by choice or necessity.
. To supply the exclusive means of travel in high-density
areas where cars are prohibited.
3. To complement the services rendered by the automobile on
trips that require both methods,
4. To provide local extensions of the intercity and global
public transportation networks.
3. To help create a more satisfying, manageable, pollution-
free and sustainable urban environment that maximises the
ability to move while minimising the necessity for movement.

[

Harman{1988) outlined the major advances anticipated in the
different forms of public transportation. These included:
Buses- There will likely be production of a bus that has two
methods of propulsion in one coach, a diesel engine for use
on suburban streets and electric power for city streets and in
tunnels. Some innovations can be expected in alternative
forms of access to the vehicle, in particular for the elderly and
handicapped. Although some concepts are currently being
developed that would make the bus-road interface much more
“intelligent” in terms of navigation and vehicle control, such
programs are not likely to see widespread implementation in
the early part of the twenty-first century.

Heavy and Light Rail- The major source of innovation will
likely come in the means of providing propulsion and in
automatic system control.

Commuter and Intercity Rail- There were possible major
advances that could be anticipated in the application of linear
induction motor, magnetic levitation technology and other
forms of providing high-speed passenger transportation.
Auwtomated Guideway- The technology for implementing

automated guideway transit, group rapid transit, or personal
rapid transit systems is already available. The key issue is
now to find the appropriate applications.

Harman then suggested that perhaps the greatest
technological innovations will come in the areas of transit
user information systems, automatic vehicle monitoring, and
in “revisiting” already tested applications such a high-
occupancy vehicle facilities,

8.0 Summary
In summary, the procedure for the comparative analysis and
selection of transportation modes follows these major steps:

+Step 1:Based on urban transportation pelicy, develop goals
for the transit system.

= Step 2: Define conditions for the area to be served.

«Step 3:Utilizing results from preceding steps, define
specific requirements and standards for the planned system.

« Step 4: Select ROW type for candidate modes.

«Step 5:8elect technologies and type of operation for
candidate modes.

« Step 6:Develop functional designs for candidate modes.

«Step 7: Evaluare candidate modes,

= Step 8; Compare evaluation results (based on capacity, cost,
environmental impact etc.) and select the optimal mode.

From the resulis obtained (Table-15), it can be seen that in
cities with population up to 0.75 Million (also circular PNU
& PU cities of population 1.5 million), the street transit can
fully cater to the peak hour passenger travel demand, as the
maximum peak hour public transport demand is within the
capacity of the street transit, (Table-14). But for cities with
population above these values, a rail-based system along with
a street transit system is required to cater to increased
passenger travel demand. Also, it can be seen from Table-15
that cities with population greater than 6 million probably
requires the highest order mass transit systems like regional
rail transit to meet the heavy passenger travel demands
(Table-14) on major corridors within the city.

Finally, Table-19 shows in tabular form, some of the more
frequently encountered relationships involved in translating
system goals into design objectives and, in turn, into design
methods and technology attributes. For example, to meet the
goal of minimizing construction cost, the designer must
choose the objective of maximizing the use of shared
facilities, seeking to run on HOV lanes and transitways open
to carpools and vanpools. In this case, Bus Rapid Transit
(BRT) would be the favoured technology, being capable of
operation in all types of HOV configurations, LRT would be
second choice, being appropriate for limited running in
arterial HOV lanes only, and the last choice would be RRT
and AGT with their requirements for exclusive guideways.
The authors feel that the paper would sirongly help planners
in selecting a suitable mass transit system for Indian cities of
different sizes and forms.

o
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Goal / Design Objective Design Method Technology Suitability Rank
RRT | AGT | LRT | BRT
Maximise ridarshipd
Lacate stations within ezsy walk of Locate system underground 1o allow unshtrusive / poadisrptive high-capacity entry into high-density aneas. | 1 2 2 3
many majr cenlers Locate sysiem in surfsce sireets / malls of major centers, with first-floor-level stops : 2 I I
Usz high line mileage and many stations systemwide 1 I I !
Provide high-frequency service Uise short trains o singbe-vehicle trains with shon headways 3 [ : !
Maximize scheduled specd Provide grade seperation and high-speed alignment for entire sysiem I : p
Provide skip-stop and express service 1 | 2 I
Reosganize transit service systemwide Remove rmdial bus servioe; provide focts 1o reorient bus reate imlo community ¢ eToss-town aperalion I 2 3 4
Maximize development impact!
Stress accessibility and permanence Lise fixed-guideway with substantial stations central to areas of potential development / redevelopment ! 2 3 4
Minimize constraction cost/
Use of existing ROW 1o avoid under- Lise freeway medians, milroad | power-ling nights-of-way though these may be disant from activity centers 1 I I I
Ground [ elevated conslruction In lower-density arcas, let system run oa sireets / haghways mixed with other trafTic 3 3 2 I
Maximize use of shared facilities Run on HOW lanes and ather facilities open to carpoals / vanpaals E 2 1 I
Reduce total constraction required Reduce sysiem mileage, number of stations 1 1 1 I
Use shorter, simpler stations, low platforms, ete 2 2 I I
Ulge smaller harizontal and vertical cleasances, lighter stnuctures 2 ! 2 2
Reduce system complexity Elimimnate pawer distribution and control systems 3 3 2 I
Minimize operating cost/
Reduce operating personne] Use long trains w reduce personnel ( passenger rmtio 1 2 2 3
Use more complex. systems alfording greater awomation 1 1 3 4
Usg short trains in off-peak 3 1 2 |
Reduce maintenance personnel Use simpler systems with less ebectronics and hardware 3 4 2 I
Muaxtmize pablic suppon/
Provide service to widest possible aren | Use low cast / mile systems, maximuem use of at-grade, nonexclusive nght-of-way 4 3 2 I
Fir predispasitions of public Uz rail / fixed-guideway systems; avoid bus sysiems 1 1 I 2
RRT = Rail Rapid Transii, AGT = Automated Guided Transit, LRT = Light Rall Transst, BRT = Bus Rapid Transil

Sno Factor Diesed Bas (Sereet transit) E.T.B. {Sireet Tram Car {Street | EMLU (Hadl Rapid OVH system, Wupparial LG Raklway, i.e. Meire
o Transit) ‘fn.nlll Transit) Maonarsll Schwebebahn (Rapid Transit)
] Flexihils Most Flexible Raoute-bound Sysiem | Route-howed Syitem Fised Roene Fized Route Fiisl Rt Fized Houle
2 Speed | (a)  Maximum &0 G065 50 [ ] an & 80
(kmph) | (b)  Scheduled 35-174 -7 20-25 4045 T0-50 20-30 4550
(e} _Avemge 17-18 16-20 15:16 3035 080 0.0 35-50
3 Aceeleration {msec’) 0.4-0.7 L2018 0.5-0.6 Ll-13 L&-1.5 1112 11-1.2
& Lifi [Vienrs] ] 25 g #0 o 40 4l
i Esvirosment | (8]  Air Emits smoke and fumce Free from amoke amd Pallation free s e Mon-podhuma Maon-pollutant | MNon-pollutant
al Impact Palluni lumes
on
) Mol ouz by ham and exgine Silent = cperation Far less noise level Rumbling and whisle Handly any noise Hardly any o oulside noest and
and sound noise wibmalion
Wibeati
e
e} Wissal Mo wisual effects Vinual impact by OVH | Vissal efest by OVH Pascer viseml impaci Presoed visusl Preseat vigual | Mone
Effect wires wings dizamemity disamenity
& | Enemy inpu = ==
| {a)  Fush Soune Diesel odl Electngily Elecoricity Edcctrcity Eleztricity Electricity Ebectricity
(b}  Supply Systerms - 600V, D S0, DC 2SRV, AC 435V, 1 Fhase 50 600V DC THW, DC
1500, [ ycle AC
{2} Enexgy Comsumption - 1820 12-15 B-10 15 14-15 1415

(W et hes'p ger)
7 L‘E vnl'Sa:l.em

fa) _CestiLinit Cosch R 1.5-23 lakd Fa_ 4 lakhs Ra. 25-30 lakhs Te_ 50 lakhs HA NA Fs. B0 lakhs
| by Cost ol Const/Em Rs. | lakhs Ex § Bakhs B 10 |akhs R 50 lakhs MA MA R 700 kakhs
[¢] _Maint Hm R 0.4 lakhs R 0.8 likhs HA Rx. | Iakhs A NA& Ha 2.5 fakhs
{dy Complete System Per R 2530 lakha i 40-30 lakchs Fa 80- 100 lakhs . $00-700 Likhs About s 300 likhs | MNA Ha. 23 30 croees
Km. rouie
3 fal Switability of Operation Varying traffic density Major movement Cloge network of Heavily boaded High density rapid Low Densiry | High densiy mpid
cortudats dense eraffic coridars transit comidors carridors Eranai eordang
(B)  Area of Operation Any roule Aniczial and ring Central and fringe City & saburb arexs Can pass through Amusement | Can pass through
rosdy MEE CBD and sreerials parks, small | CHID and aserials
without interferenes sretches without mserferenes
1o surface traffic serving wn surface iradffic
= specific arean.
{c} Population of City Chver 3 lakhs Ohver & lakhs 5.20 lakhs Above 10 laika Over-grown cilkes HA Chrer-grown caies
mare than 30 [akds mone kan S0 laks
{d) Trip Length Likm 15 km $-10km. 5-2% km. Siill in experimenaal | 4-15 km 15km
mage
{c) _Fare Structure 5.7 pa/km 3.5 prkm 3 pafiem. ] 4 prikn Chver 7 parkom. HA &3 pakm,

Soutes: Vermal2000)

Table-20: Comparison of Various Road and Rail Based Public Transport System
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