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ABSTRACT

Dealed fidd sudies in Dehi show tha dnce bicydes and other non-motorized vehides
use the left 9de of the road, buses are unable to use the designated bus lanes and are
forced to stop in the middle lane & bus sops.  This disupts the smooth flow of traffic in
dl lanes and makes hicyding more hazardous. Motorized traffic does not use the curbside
lane even when bicycle dendties are low. All modes of trangport move in sub-optimd
conditions in the abisence of fadlities for non-motorized vehides In this paper we
illustrate that pedestrians, bicydists and non-motorized rickshaws are the mogt critica
edements in mixed traffic. If the infrastructure design does not meet the requirements of
these dements dl modes of trangport operate in sub-optima conditions. It is possble to
redesgn the exiding roads to provide ssfe and convenient environment to non-motorized
modes. This dso results in improved efficency of bus trangport vehides and enhanced
capecity of the corridor when measured in number of passengers per hour per lane. The
paper illustrates that the camcity achieved in a corridor by redesigning the road cross
section, which indudes segregated cycde tracks and exclusve bus lanes compares
favorably to capitd intensve option like MRTS,

PUBLIC TRANSPORT

Buses form the backbone of the trangport sysem in Ddhi. Buses conditute less than one
percent of the vehide flegt, but sarve about hdf of dl travd demand. Since 1992, Dehi has
tuned increesingly to the privatle sector to hep expand and improve bus sarvice This
decison was a response to the widdy acknowledged shortcomings of public bus service
induding escalating cods, poor maintenance, high labour cods an aging bus fleet, and errdtic
savice. Bus sarvice was expanded in 1996 by adding more buses, with buses per route
incressing from 0.8 to 1.7} The regular fixedroute bus sysem now comprises about 4,000
privately operated buses and 3,760 publicly operated buses 5,000 privae chater buses that
provide point-to-point sarvice during peek hours to subscribers who pay a monthly fee for a
guaranteed seat complement it. The schools and tourists use another 5000 buses.

Public buses provide a low levd of savice and comfort, with passengers often
travelling on footboards Large-scde privetization may have increased cgpacity margindly,
but buses continue to be overcrowded and poorly maintained. Even though buses cary haf
of dl passenger trave, they receve no preferentid trestment in terms of dedicated lanes or
traffic management. Many Ddhi resdents cannot afford to pay even the low subsdized fares.
Condder that a sngle oneway bus fare for people living on the outskirts of the city is $0.20-
$0.25 (Rs8 to Rs10), depending on the number of trandfers. For the poorest 28 percent of
households with monthly incomes of less than Rs2 000, about US $A0(ORG, 1994), a sngle
worker would spend 25 percent or more of their entire monthly income on daly round trip
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bus fare. For those with incomes much less than Rs 2,000, the dreedy-low bus fare is
prohibitively expensive?

Bus commuters and pedestrians and NMV users together form the largest group of
road users. Yet ther needs for a safe and convenient infrastructure continues to be ignored. In
the name of devdopment dties continue to invest in infrastructure which makes the
envirorment for pededtrian even more hodile then the present. At the bus shdters, NMV's
using the carriageway are in direct conflict with buses and the approaching commuters. These
buses park in platoons of 3 to 6 a an intervd of 30 to 60 seconds. Thus for the cydidts, every
bus shelter encountered, results in an increese in travel time and in the number of serious
conflicts. To avoid an impending conflict a the bus shdter cydids ether wait for the buses
to dear thar path or atempt to find ther way dowly through a maze of buses and
commuters. At many locations the passenger cycle rickshaw is one of the most important
components of the commuting chain. The rickshaws ferry, passengers to and from the bus
shdter, saving ther waking trips. Currently the contribution of the passenger cycdle rickshaw
to the trangportation system of the city is not recognized and thus no provison has been made
for ther parking a the bus shdters, forcing them to occupy the carriageway.

Rickshaws and Non-Motorised Vehicles

Cyde rickshavs ae regisdered separady from motorized vehides Current  policies
regarding cycle rickshaws and other nonrmotorized vehides are redrictive based on a notion
hedd by many that efficdent (“moden”) transport sysems do not incude these vehicles.
Traffic management experts and traffic police have proposed area and time redrictions on the
movement of cyde rickshaws in Dehi. The government fixes the number of cyde rickshaws
that can be regigered in the city (by Municipd Corporation of Dehi) and & present this is
99,000. The regidration procedure requires the owner to have a vdid regidration card, and to
regiger thee vehides only during dipulated times twice a year. Not surprisngly, a large
number of cyde rickshaws are unregistered. The true number of cycle rickshaws in the city is
edimated to be about 300,000. Cycle rickshaws are dso used for ddivery of goods such as
furniture, refrigerators, and washing mechines. Severd case sudies have documented the
poor, often exploitative, working conditions of cyde rickshaw operaiors. Contractors who
demand a fixed rentd payment from the pullers often with little regard to the date of the
equipment or the environment in which the rickshaw puller has to operate usudly owns the
vehicles.

Even though rickshaws and other non-motorized vehides are widdy viewed as a
principad cause of congestion and chaos, they have been ignored in traffic planning and road
design.

INADEQUATE ROAD INFRASTRUCTURE?

Dehi has an extensve rad nework with a totd length of 26, 582 km (year 1996-97) of
which gpproximady 1148 km hes a right-of-way 30m and greaier than 30m. Nealy 500 km
of these roads dready exis, remaining 852 km is proposed in new developments Ring road
and Outer Ring oad are the most important arterid roads. In generd, most arterid roads are
sx lanes divided roads. Average speeds have been reducing over the years. Pesk hour traffic
on aterid roads crawls through bottlenecks a mgor intersections. However, a nonpesk
hour mid block speeds tend to be much higher ranging from 50-90 km/h for buses and private
motorized vehicles repectively. This leads to higher fatdity rates on one hand and on the
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other longer wating periods a junctions. It seems that problem lies with the poor
management of the corridor traffic flow and speed resulting in incressed levels of congestion
ae a few gpots and few corridors & pesk hours. The traffic system does not meet the
requirements of pedestrians, bicyclists and bus systems.

The Basic Infrastructure

The road network in Dehi is based on notiond hierarcchy of roads, ranging from arterid roads
designed to cary fast through traffic to collector and resdentid roads. However, the lack of
choice results in pedestrian's presence on al roads regardiess of the hierarchy and designated
functions. The exiding road design does not cater to the needs of pededrians, bicycles, or any
other dow moving traffic. Service roads if present, are not maintained well. Footpaths are
éther not present or poorly maintained. There are no spedific facilities provided for buses
adso, except locating bus shdters. Approach to bus sheters, bus priority lanes, continuous
pededrian paths, lane for dow vehides like bicydes and rickshaws eic. have ot been
induded in the road network designs Consequently dl road users have to share the
cariageway. This often leads to unsafe conditions for pedestrian and dow moving vehides
and congested conditions for motorized vehides The per cgpita avalability of road in Ddhi
in 1997 was 26 meters per person. It must dso be noted that dmost 66% of the vehicular
fleet in Dehi condgs of motorized two wheders which take up less road space than cars and
buses. Despite this, average speeds have been reducing over the years. Pesk hour traffic on
arterid roads crawls through bottlenecks a mgor intersections. In generd, most arterid roads
are 9x lanes divided roads, however, the extensve road network has not been developed to
serve the mixed traffic present on the roads.

Sate authorities and ‘experts continue to plan infragtructure, which ensures fast
movement of car traffic a the cost of pededrians and nor-motorized vehides. Badc needs
of pedestrians are not recognized as pat of urban trangort infrastructure. In a recent study
(II'T, 2000) pededtrians were obsarved a sdected junctions on a mgor aterid road in Dedhi.
The study shows that nearly 70% pededtrians cross the road when it is safe for them to cross,
i.e dther it is green for pededrians or green for right turning vehides which makes hdf
crossng safe. The number of pededtrians waiting a the median is more than those waiting on
the dde of the road; despite the absence of Pededrian idand in the median. The road median
does not provide any convenient space for waiting, however, redrictive messures for
pededrians are indituted such as high medians (30-50 cms) and guardrals on medians
Often, condruction of pededtrian subways and foot over bridges are to ensure that the
pededtrians do not obdgruct the motorized treffic and the road is avalable to motorized
vehides only. These poorly located pededtrian subways continue to have low usage rate not
only because of poor location dso because of safety concerns they are often locked & night.
This leaves no option for pededtrians but to either bresk the median fences or run across a
the risk of losng ther life Pededtrians have to contend with narrow pavements, often made
narrow to increese the width of the road to reduce congestion for cars and other motorized
traffic. Pededtrians are expected to wak among parked cars, dectric and telephone poles,
traffic dgns, litter bins, redundant phone boxes, and commercid waste. The Studion is mede
worse as a result of poor public management of sreets and public spaces, including litter and
uneven pavement. It is not wrong to say that our urban dreets are characterised by an absence
of desgn.

Presence of diverse socio-economic groups in the city is reflected in the diverse
mocks of trangport present on dl roads This dso results in emergence of range of activities



Geetam Tiwari 203

required by different road users. Dehi does not lack in avalability of roads infrastructure in
terms of space and length. However, the complexity arises due to he wide variety of vehide
types induding human, anima drawvn vehides and bicydes share the same road space. With
the available right of way on ateid corridors in Ddhi a much better level of service and
higher throughput can be provided only if the road space avalable can be used by al vehicdes
much more efficiently. At present, due to lack of dedicaied fadlities, bicydists have to
interact with fast moving motorized treffic. Clearly, the extensve road network has not been
developed to serve the mixed traffic present on the roads The society pays a huge cogt in
tems of worsening congedion, ar pollution and traffic accidents While the growing
congestion and ar pollution afect dl income groups the middle and lower income groups
who ae pimaily dependent on public trangport, bicydes and waking -the environment
friendly modes have to auffer the unusudly high cost of traffic acddents  Commuting
petterns of low income and highrincome people resding in Ddhi are dgnificantly different
Snce nealy 50-60% of the dty populaion reddes in unauthorized dum sdtlements having
an average income of Rs2000/month, bicydes, buses and waking continue to be important
modes of transport.

Infrastructure for Buses

Public transport buses are the mgor mode of trangport in Dehi. Approximatey 10,000 buses
cary 6 million commuters dong 600 routes everyday. However, the road dedgn, treffic
dgnds, and traffic manegement policies are not specificdly designed for bus trangport
system. The design and locetion of the bus shdter itsdf does not mest the commuters
requirements of providing convenient interchange between bus routes and spaces for
havkers. Therefore, often bus stops and bus shdters result in a mgor conflict zone between
commuters and moving buses while hawkers “encroach upon” the carriage-way, and bicycdes
and other dow moving vehides occupy the desgnated bus dops. At the bus shdters, NMV's
usng the carriageway are in direct conflict with buses and the gpproaching commuters. These
buses park in platoons of 3 to 6 a an interva of 30 to 60 seconds. Thus for the cydids, every
bus shdter encountered, results in an increase in travel time and in the number of serious
conflicts. To avoid an impending conflict a the bus sheter cydligs, ether wait for the buses
to dear thar pah or datempt to find thar way dowly through a maze of buses and
commuters. At many locations the passenger cycle rickshaw is one of the most important
components of the commuting chain. The ricksaws ferry, passengers to and from the bus
shdter, saving their waking trips. Currently the contribution of the passenger cyde rickshaw
to the trangportation system of the city is not recognized and thus no provison has been made
for their parking at the bus shelters, forcing them to occupy the carriageway.

Roadside vendors and services for road users

Bicycles, pededtrians and bus treffic atracts street vendors. Often the Sde roads and
pedestrian peths are occupied by people sdling food, drinks and other aticles, which are
demanded by these road users. Vendors often locate themsdves a places, which are natura
makets for them. A careful andyss of location of vendors number of vendors & each
location and type of sarvices provided them shows the need of that environment, since they
work under completely “free market” principles. If the services provided them were not
required a those locations, then they would have no incentive to continue daying there.
However, road authorities and city authorities view thelr existence illegd. Often the argument
is given how the presence of dreet vendors and hawkers reduces road capacity. If we gpply
the same principle that is gpplied for the desgn of road environment for motorized traffic
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espedidly private cars, then vendors have a vdid and legd place in the road environment.
Highway desgn manuds recommends frequency and desgn of sarvice area for motorized
vehicdes. Stregt vendors and hawkers serve the same function for pedestrians, bicyclists and
bus usars. As long as our urban roads are used by these modes, stregt vendors will remain
ineviteble and necessay. All modes of trangport move in sub-optima conditions in the
absence of fadilities for pedestrians and non-motorized vehicles

THE ‘CRITICAL’ ELEMENT IN CITY TRANSPORT SYSTEM

Megting the specific needs of the most vulnerable groups in the city becomes crucid for the
efficent peformance of dl traffic. For low income people commuting to workwaking,
bicycdling or afordable public trangport are not a maiter of choice but a necessty for survivd.
Therefore, whether the roads have any specific fadilities for these modes or not, they continue
to be used by them.

Dehi traffic laws do not segregete bicycle traffic and enforcement of speed limits is
minima. Motor Vehides (MVs) and nortmotorized vehide (NMVs) have different dengties
a pek traffic hours a different locaions in the city. The exiding traffic characteridtics,
modd mix, locaion deals geometric desgn, land-use characterigics, and other operating
characteridics present a unique Stuation where economic and travd demand compulsons
have ovewhdmed the officid plans On the two and three lane roads, bicydes primaily use
the outermost lane on the left, i.e. curb sde bne and MV's do not use the left most lanes even
a low bicyde dendties Bicydigts use the middle lanes only when they have to turn right.
Even a onelane dtes the bicycligs occupy the left extreme giving space to the motorized
vehicular traffic.

A dudy of fourteen locations in Dehi shows that maximum mixing of NMVs and
MVs occurs a the bus stops.® Their interaction with other MV's is minimal a other locations
On three lane roads, the MV flow rates are close to or less than 4000 passenger car units per
hour. This is much less than the expected capacity of 3 lane roads. The flow for these urban
localities can be taken as 2000 passenger car units per hour per lane® Though the pesk
volumes are not exceeding sauration cgpacities, we find the average speed remains in the
range of 14 to 39 knmvh. This shows that use of the left most lane is only partidly used.
However, if this space were exdusvdy avalable for bicydigs throughput would incresse
because the MV traffic lane is 3.5 meters wide and 1 can accommodate flow rates of at least
6000 bicydes per hour®

Though de facto segregation takes place on two and three lane roads, an unacceptable
danger exids to bicyclists because of impact with MVs. At two and three-lane locations, it is
a waste of resources not to provide a separate bicycle lane because bicycles irrespective of
bicycle densty occupy one whole MV lane. Our data show that bicyde fatdities on two and
three lane roads are rdatively high when traffic volumes are low but conflicts between MVs
and NMVs have little corrdation whasoever with fadities during pesk flows. In thee
locations of "integraied” traffic on two and three lane roads, fatdities during pesk hours are
low but not diminated. On the other hand, during noni)eek hours vehides travdling a
speeds around 50 kmvh or grester kill alarge number of bicydigs.
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ROAD SECTON PLANNING FOR EXCLUSIVE BUS LANE

Our gudies show that on urban arterids the curbsde lane (35 m) is usad primarily by bicycle
and other non natorized traffic. Because of the presence of bicycles and NMVs in the fa-
left lane, buses are unable to use this lane and are forced to stop in the middle lane a bus
dops. Motorized traffic does not use the curbsde lane even when bicyde/NMV dendties are
low. A segregaied bicyde lane needs only 25 m and snce mog of the mgor aterids in
Dehi as wdl other Indian cities where planned devdopment has taken place after 1960s,
have a sarvice road, the exiding road space is wide enough to accommodite a bicycle track.
This would not require additiond right of way for road. A detaled sudy completed in Ddhi,
India shows how exiging roads can be redesgned within the given right of way to provide
for an exdusive lane for NMT modes (bicycles and three wheeled rickshaws).’

Detailed designs for road cross section and intersections have been prepared in Ddhi
on the basis of following criteria
Physicaly segregated bicycle tracks on routes which have >30m ROW.
Recommended lane width on main carriageway 3m (minimum).
Recommended lane width for buses 3.3 m (minimum).
Recommended lane width for bicydes 2.5 m (minimum).
Separate sarvice lane and footpath.
Intersection modification to incdude the following:
»  Redrict freeleft turns
= Modify treffic sgnal cyde
= Roaddde furniture to ensure safe bicyde movement and minimise interference
from motorized two wheders

ok~ wWwdNE

Exclusve bus lanes can be provided ether as curbsde bus lane (Figurel) or centrd
two lanes phydscdly segregated from rest of the traffic (Figure2). Table 1 ligs criteria that
should be adopted for choosng one of the two options. Figure 1 and 2 show dealed designs
where two lanes of 3m each are proposed for the main cariageway in addition to the 3.3m
wide centrd/curbsde buslane. In he case of the centra bus lane dretches the two 3.3m wide
lanes combine to form a 6.6m wide undivided twoway road. A 25 m wide cycle track is
proposed throughout the length of the corridor running adjacent to the man cariageway
(separated by a 0.4m wide divider on either Sde) A sarvice lane is proposed between the
cyde track and the peripherd footpaths dl dong the dretch with a minimum specified width
of 3m.

The flow, speed and direction of treffic is controlled by the desgn of the junctions
and road surfaces. The design, of course, differs completely in the case of Curbsde bus Lane
and Centra Bus Lanes options.
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Capacity improvement = 21000 (present) personshr
45000 (estimated) persons’hr
Improved safety and pollution

: ®
i o R e R S P P R -
- w

‘ § [FRriErEs D e
o= e P .-x..=.3.
|:-.|: o g — a—— -

s - = 4 !

i - o5 g

R, (I 2 At
T W

IP.L-\I'I

Fig. 1 Road layout showing exclusive curbside buslane

Bl

ek . s -----q-q.-,-__.-T.-'-T;:}_.,-, "
Pu Lo oE g = - i

CARLAMES |

¢ B :
| |

| !
| 11y T

Fig. 2 Road layout showing central bus lane



Geetam Tiwari 207

Tablel. Criteria for site specific choice between a central bus -lane layout and a curb-
side bus -lane layout

Sl. No. Central Bus Lane | Curb-Side Bus Lane

1. Excessive side-entries for vehicles Limited access to service lanes or
into service lanes or individual widely spaced entry points into
plots. adjoining area.

Rationale The high volume of turning traffic interferes with the through movement of bus
traffic if the bus uses the same curb-side lane as the turning vehicles.

2. Closely placed traffic lights for Traffic lights at larger intervals.
vehicles.

Rationale Buses using the curb-side lane are forced to stop at every red signal with other
vehicles reducing throughput and encouraging passengers to board and alight in
unsafe areas.

3. Low frequency of bus-stops Higher Frequency of bus-stops

Rationale If the frequency of bus-stops is higher a central bus-lane will create too many

pedestrian crossings defe ating the its purpose while a curb-side bus lane will
provide safer and more efficient bus -stops.

4. Higher volume of two-wheeler and Lower volume of two-wheeler and
three-wheeler vehicles three-wheeler vehicles
Rationale High volumes of two-wheeler and three-wheeler vehicles interfere with the

movement of buses in the curb-side lane especially at the bus -stops where
buses often cannot approach the designated bus-bays due to the three-wheelers
parked there and the two-wheelers trying to overtake from the left-side. Also, the
difference in sizes of these vehicles sharing the curb-side lane makes the
situation unsafe for the smaller vehicles.

E.g. Arterials through heavy commercial Highways through large institutional
land-use areas like Vikas Marg areas like stretch of Ring Road in
ITO area.

I nter section with Curb-side Bus Lane:
An extrabay is provided for right turning traffic e junction.
The bus lane before and after the junction are Sreamlined.

The Minimum left turning radius according to which the curve of the intersection is
plotted is (&) In case of buses not turning left: 7.5m with a doped leeway of 1.5m for larger
vehicdles, (b) In case of buses turning left: 14m. with a doped leeway of 1.5m. This case
specific desgning dlows for control of left-turning speeds thus ensuring safety and the speed
trangtion between an arteriad and resdentia road.

Intersection with Central Bus Lane Three lanes - draight, left-turning and right-turning are
provided for the vehides before the intersection and only one after it due to dispersd of
traffic. However the single lane after the intersection is 4.5m. wide to dlow for necessary
leeway. The centrd bus dretch becomes 3-lane wide before the junction to dlow for a left-
turning lane.

The bus lane before and after the junction are streamlined The Minimum left turning radius
according to which the curve of the intersection is plotted is 7.5m with a doped leaway of
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15m for larger vehides This case specific designing dlows for control of left-turning speeds
thus ensuring safety and the speed transition between an arterid and residentid road.

Criteria for Locating Bus Sops Interchange should be dose to ther usas Bus ad
paarandt dops should be near to resdences to minimize waking digance, and mgor
interchanges should have direct pedestrian links segregated from motorized traffic.

Public trangport routes should generdly follow main traffic routes and boarding
points should be adjacent to and beyond intersections and linked with other parts of the
gened traffic network - particularly footpaths. Measures should be taken to remove cydist
from the main carriageway, cause they prevent the buses from parking close to the bus stops
or interchange points.

Bus and pararandt stops should be placed a points where pededtrian routes to and
from mgor generaiors converge (example mgor commercid, inditutiona centres or next to
major intersections). Avoid locations where road safety or congestion problems are likely.

Wherever possble public trangport vehides should be provided with dealy marked
passenger pick up points or bus sops, preferably off the man cariageway (i.e bus stops
should preferably belocated onalay by.

Lay-bys should be postioned on draght, levd sections of road and should be visble
from agood distance in both directions.

Access to alay-by should be convenient and safe for both, vehicles and pededtrians.

Advance warning sgns should be erected to dert the drivers of the gpproach to lay-
bys and, the possible presence of pedestrians ahead.

Specid fadilities should be used in order to give greater priority to buses and hence to
make public trangport more atractive to potentid passengers. Thee generdly st adde a
portion of the road for the exclusve use o buses, where they can maintain reasonable speeds
or reach the head of the queues at intersections

If buses sop on the opposite sde of the same road, stops should be located tail to tal
as thee are sfer. Pededtrians will tend to cross behind the buses where gpproaching vehicles
on the same sde of the road can see them more carefully.

Bus dops should be located beyond pededtrian crossings and after intersections to
avoid stopped vehicles masking pedestrian and other crossing activities.

Bus Stops shauld be placed such, around an intersection, so that the walking distance
from the crossng reduces for the commuters. The wakable distance in each direction can be
reduced to as low as 50m.’s by removing al free left turns and placing the bus stops after the
crossing (in each direction of traffic flow).

Criteria for Redesigning Bus Stops Bus stops have 2.8 m wide bus bay, 25 m wide bus stop
and 1 m wide foat path.

Hawkers have been provided space a the bus dop to minimize disurbance to the
regular flow of pedestrian and cyclist treffic.

The cyde track is diverted behind the bus stop in a gentle horizontd curve to reduce
conflicts of cydigs with buses This diverted path is raised to the footpath leve and can be

used by pedestrians too hence is widened from 25 mto 3m.
CAPACITY ESTIMATES

If a separate segregated lane is condructed for bicycles, the curbsde lane, which is currently
used by bicydigs will become avaldble to motorized traffic. This rdaivey smdl investment
in bicyde lanes can increase the road space for motorized traffic by 50 percent on 3 lane
roads. Bicycle lanes dso result in better space utilisation.  For indance a 3.5m lane has a
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carying capacity of 1,800 cas per hour whereas it can cary 5400 bicycles per hour.
Average occupancy of a car is 1.15 persons 'and bicycle carries one person. This implies that
in order to move the same number of people we would need 2.6 times the road area that
would be required for bicydigs.

Mog of the mgor corridors in Dehi ae 6 lane divided cariageways. We have
edimated the cgpacity of a 6 lane divided cariageway in the pesk direction. Various
combinations of modd shares and road space assignments were compared to evduae ther
impact on the road capacity. Following options were consdered:

Base case (Mixed traffic). The exiding road space utilization pattern was taken as the base
case. Capacity of a typicd 6-lane corridor in Ddhi corridor in persons per hour is esimated
on the basis of average occupancy of each vehicle (Table?).

Dedicated cycle lane. The right-of-way on a 6-lane carriageway is redlocated to provide for
a separate 2.53 m wide hicycle track. The exclusve bicycle track can cary 4500 bicydes
per hour. This 4ill leaves enough space for Six lanes on the main cariageway. All the lanes
of the main cariageway are used by al motorized modes. If the space rleased by exclusive
bicyde track (equivdent of 338 hicydes ~ 169 PCU~76 buses as per Table?2) is used by
additiond 76 buses the congestion level and corridor speed will not have sgnificant changes.

Table 2 shows increese in corridor cgpacity from 16000 to 19000. Number of bicycles and
other vehicles remain same as the base case. Busesincrease by 76 additiond vehicles.

Dedicated bicycle lane and high capacity bus system (HCBS). A dedicated lane is provided
for bicycles and the curbsde lane is exdusvey reserved for buses operating as HCBS. Other
two lanes are used by dl other motorized traffic. A dedicated 3 m wide bicycle lane can carry
4500 hicydes (maximum capecity of an urban lane is 1800 PCU ~ 4500 hicydes). Exdudve
bicycle lane rdeases space on left most lane for buses. Therefore the maximum capecity of
the left most lane is 1800 PCU ~ 486 buses (Table?).

The reaults of the cgpacity edtimation show that with the corridor capecity messured
in teems of persons hour in exiding patterns of mixed traffic, capacity can be improved by
19% by providing exclusve bicycle tracks If the bus occupancy is teken as 80 personsbus
then 23% improvement in cgpacity can be redised by providing exdusve hicyde tracks.
Not only does extra gpace on the man cariageway become avalable to other modes, the
dedicated hicyce track dso provides a higher cgpacity for bicycdigs Provison of exdusve
bicycde track dso provides an opportunity to deveop left lane as an exdusive bus lane.
Table 3 shows 88% improvement in cgpacity from 16000(40 personsbus) and 26000(80
persons/bus) to 30000 persons and 49000 persons respectively.  This is achieved by running
486 buses in the exclusive bus lane and 4500 cydesin the exclusve cyde lane.

Table 3 shows capacity of the main cariageway (three lanes used by motorized
vehides). This does not incude capecity provided by the cyde track. Corridor capecity
improves by 19-23% by providing exdusive cyde track. However, utilizing the full capacity
of the corridor i.e provison of high capacity bus system in the left most lane can lead to
cgpeacity improvement by 56-73 per cent.

It is clear tat, if Ddhi and other Smilar dties can have mgor improvement in public
trangport cgpecity if faciliies for non-motorized transport are conddered as an integrd part
of a programme to enhance road capacity. Not only are lanes designed for bicycle traffic less
expendve to build than roadways but they dso will divet pededrians and dow-moving
vehicles from the roadway, increasing the efficiency of car and bus transport.
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Table2: Capacity Estimation in different scenario

Current Exclusive Cycle track Cycle track and
provided HCBS
Vehicles/h  |Persons/h Persons/h |Persons/h Persons/h |Persons/h
Bus=40 Bus=80 | Veh/h Bus=40 Bus=80 | Veh/h Bus=40 Bus=80
Cars |1404 1615 1615 1404 1614 1615 1404 1615 1615
MTW | 1652 3634 3634 1652 3634 3634 1652 3634 3634
BUS | 248 9920 19840 324 12960 25920 486 19440 38880
TSR | 454 799 799 454 799 799 454 799 799
Cycle | 338 355 355 338 354 355 4500 4725 4725
Total | 4096 16323 26243 4172 19363 32323 8496 30213 49653
~ 16000 26000 19000 32000 30000 49000
1 Current mixed traffic is observed modal shares on Delhi streets
2 Cycle track provided scenario includes exclusive cycle track for bicycles where max.
4500 bicycles can travel.
Space occupied by 338 bicycles in the mixed scenario becomes available for other vehicles.
This is equialent to 338x1/2 = 169 cars = 169/2.2 = 76.8 buses. Since bicycles share the
left
Side lane with buses, therefore bicycle space is given to 76 additional buses.
However, the maximum capacity of this lane as per IRC standard is 1800 PCU or
1800/3.7= 486 buses. If we replace 338 bicycles with additional 76 buses then the existing
level of congestion and speeds will be maintained.
3 Cycle track filled to capacity ~ 4500 bicycles,and left lane filled to capacity by buses ~ 486

buses
Along with existing number of vehicles on the road gives the total capacity of the corridor

Table3: Capacity in persongh in three MV lanes (excluding bicycles)

Bus=40 Bus=80
BExclusiveCycle Exclusive] ExclusiveCycle Exclusive
Track cycle track] Track] cycle track
and HCBS and HCBS|
Ca 1615 1615 1615 1615
MTW 3634 3634 3634 3634
Bus 12960 25920 19440 38880
TSR 799 799 799 799
Total 19008 31968 25488 44928
~ 19000 32000 25000 45000
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AVOIDED COSTS DUE TO INVESTMENTS IN PEDESTRIAN, BICYCLE AND
PUBLIC TRANSPORT FRIENDLY INFRASTRUCTURE

Detailed origin and dedination studies of bicyde usars show tha dl roads should become
NMV/public trangport friendly. Since Ddhi has an extensve network of arterid roads which
have wide right of way (30m to 90m), thee offer the opportunity of developing a physcaly
segregated network. Other narrow  dreets, primarily resdentiad and collector roads have to
become NMV-friendly with the hep of traffic cdming devices The deveopment of public
trangport/NMV friendly infrastructure can be prioritized as follows.

Phase I: Approximaidy 90 kms of aterid route has been identified as carrying heavy bicyde
traffic dong with large numbers of buses and trucks. A separate bicycle path on such
routes will ease the flow of buses and other motorized traffic.

Phase II: Almogt 276 kms of road length has been identified as carrying fas motorized traffic
(average speeds are more than 50 kms and meximum Spesds 70-80 kms) in the presence
of bicycdes on the curb dde of the road. A wdl designed network will ensure safety of
bicydlists on these routes. It will dso result in improved capacities for motorized vehicles
by providing an opportunity for aegting an exclusve bus lane on these routes.

Phase 1ll: There are 368 kms of roads in the city which has more than 30 m right of way.

Separate bicycle path on these roads will ensure continuity of network.

Phase IV: Bicyde routes should be developed through parks and green bdts. This would

provide additiond cgpeacity for bicycle network.

The guiding principle of the proposed design is to meet the needs of pededtrians and
bicydigs in terms of convenience, safety, and comfort. This endbles the exising space to be
reorganized for giving priority to public trangportexclusve bus lanes, better designed bus
shelters, spaces for vendors, and rickshaw parking. These designs benefit dl road users.

Estimated modal shifts after investment in public Transport/NMV friendly
infrastructure

If public trangport/NMV friendly infrastructure is developed in the city, following change
may occur in the use of different vehide use,

1 Short bus trips (16 kms) these will be primarily younger age group (15-
24years) will indude school trips and leisure trips of children and young
adults. Short bus trips of working adults (2460 years) can dso be targeted for
subdtitution.  Shift  from bus trips will generae capecity in the present
overloaded bus sysem. It may not reduce demand for number of buses, in fact
comfortable conditions in buses may meke public trangport atrective to two
wheder riders and few long trips (16-25kms) of two wheders may move to
buses. Therefore this will result in higher share of bicyde trips (from 2.75 to 5
per cent), reduced share of motorized two wheder trips( from 29 to 25 per
cent) and margindly higher share of bustripg( 36 to 37 per cent) .

2. Short car trips (1:6) kms of children and adults can dso be targeted as in 1. If
1/3 o short car trips are replaced by bicydes, there will be an increase of 1.68
per cent bicyde trips, i.e from 5 to 6.68 per cent, car trips will reduce to
26.6%.
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Table 4 shows etimaed change in modd shares of Dehi resdents excduding people
living in U duges Tables shows edimated change in modd shares of Ddhi resdents
including 1J clugters resdents when the share of JJ cluser resident is 60 per cent of the tota
population and when it is 50 per cent percent of the total population. Modd shares have been
edimated for both cases, snce reiable numbers for this are not &ailable. In both cases the
esdimated modd shares indicate the reduction in car and two wheder traffic and increese in
bicyde and pededrians. Share of buses does not show any dgnificant change, however the

Short motorized two wheder trips say 1/3 of short trips (1-6kms) will shift to
bicydes increesing bicyce shae by 25 per cent from 6.68 to 9.18 per cent.
Motorized two wheder tripswill reduce to 22.5 per cent.

Pededrian trips more than 1km in length of dl age groups and dl income
groups. This will result in margind increese of bicyde trips because mgority

of the pededtrian trips are less than 1 kmslong.

bus ride is expected to become more comfortatde and convenient.

Table4: Estimated Changein Modal Sharein Dehi

Mode Present Modal Share Edtimated changein modd share
(1999)(%)° (%)

Cyde 275 10
Bus 36.2 37.65
Ca 2835 26.5
SC/MC 29.29 22.5
Auto 1.74 175
Wak 1.62 1.6
Totd 100 100

** T survey

Table5: Estimated change in modal shares (after investment in bicycle infrastructure)

Mode % of low income population 60% | Share of low income population 50%
Total trips %share Total trips %share

Cycle 6.39 27 5.72 24
Bus 7.94 34 8.08 35
Car 2.48 11 3.10 13
SC/MC 2.45 10 2.92 12
Auto 0.30 1 0.32 1
Taxi 0.00 0 0.00 0
Rail 0.25 1 0.21 1
Others 0.33 1 0.27 1
\Walk 3.26 14 2.78 12
Total 23.40 100 23.40 100
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BENEFIT ESTIMATION

Increased Capacity

If a sparate segregated lane is condructed for bicycles the curbsde lane, which is currently
used by bicydids becomes avalable to motorized treffic. This rdatively smdl invesment in
bicycde lanes can increase the road space for motorized traffic by 50 percent on 3 lane roads
Bicycle lanes dso result in better space utilisation. For indance a 3.5m wide lane has a
carying capacity of 1,800 cars per hour wheress it can cary 5400 bicycdes per hour®
Average occupancy of a car is 1.15 persons® and hicycle caries one person. This implies that
in order to move the same number of people we would need 2.6 times the road area that
would be required for bicydidgs Given the fact tha there is not much space avaldble to
expand exiding roads the future mobility needs and projected trips can only be met by
increesing the capecity of the exiging road network. This can only be achieved by
encouraging modes, which are more efficient in terms of space utilisation.

Motorized vehides benefit because of improved capecity of the road and
improvement in speeds. Capacity esimations of a typicd aterid road in Ddhi (Tiwari, 1999)
show improvement in corridor capacity by 19-23% by providing an exclusve cyde track. If
the full cgpacity of the corridor is utilised, i.e, provison of a high cgpacity bus lane in the left
mog lane can lead to capadity improvement by 56-73%(present carrying cgpecity of 23,000
passengers’h to 45,000 passengersh).

Improved speeds

Improvement in speeds of motorized vehides will be experienced until the corridor is full to
capacity due to redisation of induced demand. Mgor beneficiaries of gpeed improvement are
buses and two whedes because curbsde lane becomes avalable to them  without
interference from dow vehicdles. Esimaions of time savings experienced by bus commuters,
car occupants and two wheder commuters on a typicd arterid corridor in Delhi’® show 48%
reduction in time codts due to 50 per cent improvement in bus gpeeds (from present 15km/h
to 30 km/h) and 30 per cent improvement in car and two wheders.

Reduced congestion

Congegtion has long been recognissed as an environmenta problem.  Other than causng
delay, it causes noise and fumes and increases hedth risks of road users and resdents. Ddhi
as wdl as other Indian cities have invested in grade separated junctions and flyovers as one of
the mgor congestion relief measure a an average cost of Rs. 100 million to 300 million for
eech intersection. However, detalled smulaion of a mgor intersection in Delhi show that re-
planning the junction to indude separate NMV lanes and bus priority lane can bring in 80 per
cent improvement over the present level of delays. Cogt of this measure is 25 times less than
the proposed grade-separated junction. 't

Increased safety

By creding segregaed bicyce lanes and re-designing intersections, conflicts  between
motorized traffic and bicydids can be reduced subgtantidly leading to a sharp decrease in the
number of accidents and fadlities for bicydigs and motorized two-wheders. Safety benefits
etimated for a typicd aterid in Ddhi show 46% reduction in accident codts. This is because
segregated fadility reduces injury accidents by 40% and fatdities by 50%°
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CONCLUSIONS

Public transport vehides and norrmotorised modes are the mgor modes of trangport for
mgority of the city reddents The exising sodo-economic paterns and land-use didribution
ensures NMVs presence in the whole city, and on the complete road network. The dengties
and modd shares of NMVs in totd traffic may differ from one part of the city to the other.
However, as long as NMVs ae present on the road, regardless of their numbers, dl vehicles
move under sub-optima conditions Efficdent bus sysem cannot be designed without teking
cae of the dow vehicles (NMVs) on the road. . It is possble to redesign the exising roads to
provide ssfe and convenient environment to non-motorized modes. The guiding principle of
the proposed desgn is to meet the needs of pededrians and hicycligs in tems of
convenience, sfety, and comfort. This requires not only dtering road geometry and traffic
management polides but dso legitimisng the sarvices provided by hawkers and informd
sector. The road network- draight roads and intersections geometry has to be designed from
the perspective of the pededrians, bicycliss and public trangport vehicles. This endbles the
exiging space to be reorganised for giving priority to public trangport-excdusive bus lanes,
better designed bus shdters, spaces for vendors, and rickshaw parking. These designs benefit
dl road usars This dso results in improved efficency of bus trangport vehides and enhanced
cgpecity of the corridor when messured in number of passengers per hour per lane
subgtantiad reduction in fatdities and vehicular emissions.

Snce sudanable trangoort systems in Indian dties demand moving a large number of
people by bustransport and NMV's, planning for NMVsisindigpensable.
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