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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation’s growth and the need to meet mobility,
environmental, and energy objectives place demands on public
transit systems. Current systems, some of which are old and in need
of upgrading, must expand service area, increase service frequency,
and improve efficiency to serve these demands. Research is
necessary to solve operating problems, to adapt appropriate new
technologies from other industries, and to introduce innovationsinto
the transit industry. The Transit Cooperative Research Program
(TCRP) serves as one of the principal means by which the transit
industry can develop innovative near-term solutions to meet
demands placed on it.

The need for TCRP was originaly identified in TRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on astudy sponsored by the Urban Mass
Transportation Administration—now the Federal Transit Admin-
igtration (FTA). A report by the American Public Transportation
Association (APTA), Transportation 2000, also recognized the need
for local, problem-solving research. TCRP, modeled after the
longstanding and successful National Cooperative Highway
Research Program, undertakes research and other technical activities
in response to the needs of transit service providers. The scope of
TCRP includes a variety of transit research fields including plan-
ning, service configuration, equipment, facilities, operations, human
resources, maintenance, policy, and administrative practices.

TCRP was established under FTA sponsorship in July 1992.
Proposed by the U.S. Department of Transportation, TCRP was
authorized as part of the Intermoda Surface Transportation
Efficiency Act of 1991 (ISTEA). On May 13, 1992, amemorandum
agreement outlining TCRP operating procedures was executed by
the three cooperating organizations: FTA, The National Academies,
acting through the Transportation Research Board (TRB); and
the Transit Development Corporation, Inc. (TDC), a nonprofit
educational and research organization established by APTA.
TDC isresponsiblefor forming the independent governing board,
designated as the TCRP Oversight and Project Selection (TOPS)
Committee.

Research problem statementsfor TCRP are solicited periodically
but may be submitted to TRB by anyone at any time. It is the
responsibility of the TOPS Committee to formulate the research
program by identifying the highest priority projects. As part of the
evaluation, the TOPS Committee defines funding levels and
expected products.

Once selected, each project is assigned to an expert panel,
appointed by the Transportation Research Board. The panels prepare
project statements (requests for proposals), select contractors, and
provide technical guidance and counsel throughout the life of the
project. The process for devel oping research problem statements and
selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB activ-
ities, TCRP project panels serve voluntarily without compensation.

Because research cannot have the desired impact if products fail
to reach the intended audience, special emphasis is placed on
disseminating TCRP results to the intended end users of the
research: transit agencies, service providers, and suppliers. TRB
provides a series of research reports, syntheses of transit practice,
and other supporting material developed by TCRP research. APTA
will arrange for workshops, training aids, field visits, and other
activities to ensure that results are implemented by urban and rural
transit industry practitioners.

The TCRP provides a forum where transit agencies can
cooperatively address common operationa problems. The TCRP
results support and complement other ongoing transit research and
training programs.
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FOREWORD

By Gwen Chisholm

Saff Officer
Transportation Research
Board

TCRP Report 90: Bus Rapid Transit, which is published as atwo-volume set, iden-
tifies the potential range of bus rapid transit (BRT) applications through 26 case stud-
ies and provides planning and implementation guidelines for BRT. This report will be
useful to policy-makers, chief executive officers, senior managers, and planners.

Increasing levels of urban congestion create the need for new transportation solu-
tions. A creative, emerging public transit solution isBRT. While a precise definition of
BRT is elusive, it is generally understood to include bus services that are, at a mini-
mum, faster than traditional “local bus’ service and that may include dedicated bus
infrastructure improvements such as grade-separated bus operations. The essential fea-
tures of BRT systems are frequent, all-day service; some form of bus priority; attrac-
tive, substantive stations and terminals; qui et, |ow-emission vehicles configured for the
respective markets and services; fare collection mechanisms that permit faster passen-
ger boarding; and a system image that is uniquely identifiable. BRT represents a way
to improve mohility at arelatively low cost through incremental investment in a com-
bination of bus infrastructure, equipment, operational improvements, and technology.

Despite the potential cost and mobility benefits, however, the transportation pro-
fession lacks a consolidated and generally accepted set of principles for planning,
designing, and operating BRT vehicles and facilities. Transit agencies need guidance
on how to successfully implement BRT in the political, institutional, and operational
context of the United States. Volume 1. Case Studies in Bus Rapid Transit provides
information on the potential range of BRT applications, covering planning and imple-
mentation background and system description, including operations and physical ele-
ments. Volume 2; Implementation Guidelines covers the main components of BRT and
describes BRT concepts, planning considerations, key issues, the system devel opment
process, desirable conditionsfor BRT, and general planning principles. It also provides
an overview of system types and elements, including stations, vehicles, services, fare
collection, running ways, and I TS applications.

This report was prepared by Herbert Levinson of New Haven, Connecticut;
Samuel Zimmerman, Jennifer Clinger, and James Gast of DMIJM+HARRISin Fairfax,
Virginia; Scott Rutherford of Seattle, Washington; and Eric Bruhn of Philadelphia,
Pennsylvania.

Both volumes issued under TCRP Report 90 can be found on the TRB website at
national academies.org/trb.
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SUMMARY

VOLUME 2: IMPLEMENTATION GUIDELINES

This report presents planning and implementation guidelines for bus rapid transit
(BRT). The guidelines are based on aliterature review and an analysis of 26 case study
cities in the United States and abroad. The guidelines cover the main components of
BRT—running ways, stations, traffic controls, vehicles, intelligent transportation systems
(ITSs), bus operations, fare collection and marketing, and implementation.

S-1. WHAT IS BRT?

BRT hasbeen defined by the Federal Transit Administration as* arapid mode of trans-
portation that can provide the quality of rail transit and the flexibility of buses’ (“BRT
Reference Guide”). The following expanded definition has been used in devel oping the
implementation guidelines presented here: BRT is aflexible, rubber-tired form of rapid
trangit that combines stations, vehicles, services, running ways, and I TS elementsinto an
integrated system with a strong identity. BRT applications are designed to be appropri-
ate to the market they serve and their physical surroundings, and they can be incremen-
tally implemented in a variety of environments (from rights-of-way totally dedicated to
transit—surface, elevated, underground—to mixed with traffic on streets and highways).

In many respects, BRT isrubber-tired light rail transit (LRT), but with greater oper-
ating flexibility and potentially lower costs. Often, arelatively small investment in ded-
icated guideways can provide regional rapid transit.

S-2. PLANNING

BRT should be developed as an outgrowth of a planning and development process
that stresses problems and demonstrated needs rather than solution advocacy. BRT
callsfor early and continuous community and decision-maker support. State, regional,
and town cooperation is essentia; transit planners, traffic engineers, and urban planners
must work together.

A key issue, unique to BRT planning, is dealing with modal biases in the system-
planning process and the perceived greater desirability of rail transit. Other issues, sim-
ilar to planning for any rapid-transit mode, include finding suitable corridors for BRT,
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obtaining street space for buses and sidewalk space for stations, achieving effective
enforcement, and overcoming fragmentation of responsibilitiesand conservative agency
attitudes.

Planning BRT projects calls for a realistic assessment of demands, costs, benefits,
and impacts. The objective is to develop a coordinated set of actions that achieves
attractive and reliable BRT services, serves demonstrated demands, provides reserve
capacity for the future, attracts automobile drivers, relates to long-range devel opment
plans, and has reasonable costs. Key factors include the following:

* Land Use: the intensity and growth prospects of activity centers, urban growth
and expansion, development and growth patterns, and locations of major employ-
ment centers and residential developmentsin relation to potential BRT routes.

* Road Network: street width continuity, capacity, congestion, and opportunities
for off-street running ways.

* Bus Operations: past and future projected transit use, operating speeds, and
reliability.

Community willingness to support public transport, foster transit-oriented devel op-
ment, and enforce bus lanes is essential; therefore, extensive and effective public par-
ticipation in the decision-making process can facilitate BRT implementation.

A BRT plan should be devel oped as an integrated system that adapts attributes of rail
transit, focuses on major markets, emphasizes speed and reliability, takes advantage of
incremental development, and establishes complementary transit-first policies. Other
system attributes that are equally important include the times during which service is
available, frequency/headways, walking distances, waiting times, transfers, in-vehicle
time, a clean and appealing image, and fare collection strategies. The elimination or
reduction of system features to cut costs should be avoided.

BRT isespecially desirablein large cities and urbani zed areas where passenger flows
need frequent service, and thereisasufficient “presence” of buses. Thefollowing gen-
eralized standards should be applied as a starting point for BRT planning and design:

* Inthe United States and Canada, BRT istypically most successful when the urban
popul ation exceeds 750,000 and employment in the central businessdistrict (CBD)
is, a a minimum, between 50,000 and 75,000. Land uses should be organized in
dense patterns that facilitate transit use.

» Desired servicefrequenciesfor abasic BRT line should be at |east 8 to 10 minutes
during peak periods and 12 to 15 minutes during off-peak periodsto facilitate ran-
dom passenger arrivals. These service frequencies translate into a daily ridership
of at least 5,000.

BRT system design and operation should reflect the specific needs and opportunities
of each urban area. They should enhance the presence, permanence, and identity of
BRT facilities and services. The common types of BRT are (1) conventional radial
routes, (2) extensions of rail rapid-transit lines, and (3) peak-period commuter express
operations.

S-3. RUNNING WAYS

Running ways are the key element of BRT systems around which the other compo-
nents revolve. Running ways should allow rapid and reliable movement of buses with
minimum traffic interference and provide a clear sense of presence and permanence.
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Because buses have higher occupanciesthan private automobiles, economic benefits can
result from increased ridership attraction, passenger time savings, and operating costs.

S-3.1. General Guidelines

BRT may run in dedicated busways, in freeway rights-of-way, or on city streets.
Table S-1 lists the common types of running ways and groups them by amount of
access control. Some general guidelines are the following:

Running ways should serve and penetrate major travel markets.

Running ways should servethethree basic route components of CBD distrib-
ution, line haul, and neighbor hood collection in a coherent manner. Generally,
avariety of typesof running wayswill be used for each component and customized
to specific needs. CBD distribution may be on street in bus lanes, off street in bus
tunnels, or achieved by means of terminals; physically segregated busways or bus
lanes will normally provide the line-haul service. Residential distribution may be
viabuslanes or in mixed traffic. A dedicated BRT corridor may consist of a num-
ber of segments, each with a different running way treatment.

Running ways will generally be radial, connecting city centerswith outlying
residential and commercial areas. BRT can a so effectively connect major activ-
ity centers or corridors with dense development patterns that facilitate transit use.
Cross-town running ways may be appropriate in large cities where they connect
major passenger generators, servelargeresidential catchments, and cross frequent
interchanging buslines or rail lines.

BRT is best achieved by providing exclusive grade-separated right-of-way.
However, theserights-of-way may be difficult to obtain, costly to develop, and not
always located in areas of the best ridership potential. Therefore, street running
ways or at-grade intersections in an otherwise exclusive or separated running way
may be required.

Effective downtown passenger distribution facilities are essential. In provid-
ing the more direct, off-guideway service to downtown origins and destinations,
the downtown distribution system should maintain service dependability and min-
imize time losses resulting from general traffic delays.

BRT running ways should follow streets and roadways that are relatively
free flowing wherever possible. Speeds and reliability should be enhanced by

TABLE S1 Runningways classified by extent of access control

Class Access Control Facility Type
| Uninterrupted Flow Bus Tunnel
Full Control of Access Grade-Separated Busway

Reserved Freeway Lanes

I Partial Control of Access At-Grade Busway

Il Physically Separated Lanes Arterial Median Busway
Within Street Rights-of-Way Bus Street

\Y) Exclusive Semi-exclusive Lanes  Concurrent and

Contra Flow Bus Lanes

\% Mixed Traffic Operations
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transit-sensitive traffic engineering, provisions of bus-only lanes, and, in some
cases, major street improvements. Routes should be direct, and the number of
turns should be minimized.

* Special running ways (e.g., busways, bus lanes, and queue bypasses) should be
provided when there is (1) extensive street congestion; (2) a sufficient number of
buses; (3) suitable street geometry; and (4) community willingnessto support pub-
lic transport, reallocate road space as needed, provide necessary funding, and
enforce regulations.

* Preferential treatmentsfor BRT may be provided (1) around specific bottle-
necks or (2) along an entire route. Queue bypasses or queue jumpers are very
effective on approaches to water crossings with extensive peak-hour congestion.
Longer treatments are desirable along BRT routes.

* Running ways should maximize the person flow along a roadway with mini-
mum net total person delay over time. There should be anet savingsin the travel
time per person for al travelers. When road space is alocated to BRT, the person
minutes saved should be more than the person minutes | ost by peoplein automobiles.

* Busesshould be ableto enter and leave running ways safely and conveniently.
Thisisespecially important in developing median and contraflow lanesand busways
along arterial streets and within freeway corridors. There should be suitable provi-
sions for passing stopped or disabled buses.

* Running waysshould providea strong sense of identity for BRT. Thisisespe-
cialy important when buses operate in bus lanes or in arterial median busways.
Giving the lanes a special color is also recommended.

* Adequatesigning, markings, and traffic signal controlsareessential. They are
especially important at entry and exit points of arterial contraflow busand median
busways, bus-only streets, busways, and reserved freeway lanes.

* Buslanes and queue bypasses may be provided along both one-way and two-
way streets. Although subject to unique local roadway conditions, generally, con-
current flow buslanes should alow at least two adjacent general traffic lanesin the
same direction of travel. Contraflow lanes should allow at least two traffic lanesin
the opposite direction of travel. Median arterial busways should alow at least one
travel lane and one parking lane in each direction. In restrictive situations, there
should be at least one through and one left-turn lane each way on two-way streets.

* Runningway designsshould be consistent with established national, state, and
local standards. The stops and stations should be accessible to al likely users.
They should permit safe bus, traffic, and pedestrian movements.

* Running way designs may allow, when feasible, possible future conversion to
rail transit without disrupting BRT operations. Service during the construction
period isdesirablefor median arterial busways, busways on separate rights-of-way,
and busways within freeway envelopes.

S-3.2. Capacities

The number of buses and passengers that can be carried along a BRT route depends

on the type of running way, the design of stations and stops, the size and height of

buses, door arrangements on buses, fare collection methods, demand characteristics

(e.g., the concentration of boardings at critical stops), and operating practices. Experi-
ence with BRT in several cities around the world suggests the following:

* When buses operate nonstop along freeways, have well-designed entry points, and
have adequately sized terminals, flows up to about 750 buses per lane per hour
have been accommodated.
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* Buswayswith passing lanes at stations carry over 200 buses per hour each way, but
this requires adequate capacity such asdual buslanesin downtown areasfor buses.

* The South American experience indicates that median arterial busways can carry
over 200 buses per hour each way with passing lanes at stations.

* Dual bus lanes on downtown streets carry a total of 150 to 200 buses per hour.
Similar volumes can be carried in asingle lane with more infrequent stopsif there
is multidoor boarding and use of off-board fare collection and/or noncash fares.

* Curbbuslaneson city streetstypically can accommodate 90 to 120 buses per hour.

Given the above information on capacities (based on experience with BRT systems
around theworld), it issafeto say that BRT generally can provide sufficient capacities
for corridorsin most U.S. cities.

S-3.3. On-Street Running Ways

On-street BRT running ways provide downtown and residential distribution and
serve corridors where market factors, costs, or right-of-way availability preclude pro-
viding busways (or reserved freeway lanes). On-street running ways also may be the
first stage of future off-street BRT development and establish ridership during aninterim
stage. Each type of on-street running way has its strengths and weaknesses:

* BRT operations in mixed traffic flow can be implemented quickly at minimum
cost, but can subject buses to general traffic delays, and there islittle or no sense
of BRT identity.

* Concurrent flow curb bus lanes are easy to install, their costs are low, and they
minimize the street space devoted to BRT. However, they are usually difficult to
enforce and are the least effective in BRT travel time saved. Conflicts between
right-turning traffic and pedestrians may delay buses.

» Contra flow curb lanes enable two-way operation for buses on one-way streets,
may increase the number of curb faces available for passenger stops, completely
separate BRT from general traffic flow, and are generally self-enforcing. However,
they may disperse BRT onto several streets, thereby reducing passenger conve-
nience. Contra flow curb lanes require buses to run against the prevailing traffic
signal progression, limit passing opportunities around stopped or disabled buses
(unless multiple lanes are provided), conflict with opposing | eft turns, and may cre-
ate safety problems for pedestrians.

» Concurrent flow interior bus lanes remove BRT from curbside frictions, alow
curb parking to be retained, and provide far-side bus “bulbs’ at stops for passen-
ger convenience. However, they generally require curb-to-curb street widths of
60 to 70 feet, and curb parking maneuvers could delay buses.

* Median arterial busways physically separate the BRT running ways from general
traffic, provide a strong sense of BRT identity, eliminate conflicts between buses
and right-turning automobiles, and can enable the busways to be grade separated
at major intersections. However, they require prohibiting left turns from the paral -
lel roadways or providing specia lanes and signal phases for these turns. Median
arterial buswaysalso require wide streets—generally more than 80 feet curb to curb,
and their costs can be high.

* Bus-only streets remove BRT from general traffic, increase walking space for
pedestrians and waiting space at stations, improve BRT identity, and improve the
ambience of the surrounding areas. However, they need nearby parallel streetsfor
the displaced traffic and provisions for goods delivery and service access from
cross streets or off-street facilities. They are generally limited to afew city blocks.
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Key guidelinesfor planning and implementing on-street running ways are as follows:

General traffic improvements and road construction should be coordinated
with BRT servicetoimprovetheoverall efficiency of street use. Typica improve-
ments include prohibiting curb parking, adding turning lanes, prohibiting turns,
modifying traffic signal timing, and providing queue bypasses for buses.

Curb parking generally should be prohibited before (curb) buslanesar e estab-
lished, at least during peak hours. The prohibition (1) provides abuslane without
reducing street capacity for other traffic, (2) reduces delays and margina frictions
resulting from parking maneuvers, and (3) gives buses easier access to stops.

Bus routes should be restructured as necessary to make effective use of bus
lanesand busstreets. When BRT vehicles exceed 40 buses per hour, they should
have exclusive use of the running way. When service is less frequent, it may be
desirableto operatelocal buses on the same facility; this should not create bus-bus
congestion or create passenger inconvenience.

Buspriority treatments should reduce both the mean and variability of aver-
agejourney times. A 10 to 15% decrease in bus running time is desirable.
Extended buslanes are necessary to enable BRT schedule speedsto achieve
significant time savings, better service, reliability, and increased rider ship.
A time savings of 1 minute per mile (equivalent to raising bus speeds from 10 to
12 miles per hour) could produce a 5- to 6-minute time savings, if achieved over
the entire length of atypical 5-mile busjourney.

Palice cars, fire equipment, ambulances, and maintenance vehicles should be
allowed to use buslanes and bus streets.

Design and operation of bus lanes must accommodate the service require-
ments of adjacent land uses. Deliveries should be prohibited from curb bus lanes
during the hours that the lanes operate; deliveries can be provided from the oppo-
siteside of the street, from side streets, or, ideally, from off-street facilities. Accom-
modating deliveriesis especially important when contra flow lanes are provided.
Accessto major parking garages should be maintained. This may require lim-
ited local automabile circulation in blocks adjacent to garages.

Taxi loading areas should be removed from bus lanes. On one-way streets,
the taxi loading areas should be placed on the opposite side of the street from the
bus lane.

Accessto busstopsand stations should be convenient and safe. Curbside stops
should allow sufficient space for amenities within the stop or in the adjacent side-
walk. Crosswalksto reach median bus lanes and busways should be placed at sig-
nalized locations wherever possible and should be designed to discourage errant
crossings.

Runningway design should reflect available street widthsand trafficrequire-
ments. Ideally, bus lanes should be provided without reducing the lanes available
to through traffic in the heavy direction of flow. Thismay entail eliminating park-
ing or reducing lane widthsto provide additional travel lanes, eliminating left-turn
lanes, and/or providing reversible lane operation.

When buses preempt moving traffic lanes, the number of lanes taken should
be kept to a minimum. The exception is when parallel streets can accommodate
the displaced traffic.

Buslanes and streets should provide a strong sense of identity. This can be
achieved by using colored pavement wherever buses have exclusive use of thelanes.
Such treatments are especially important for curb bus lanes when the lanes operate
at all times.
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Effective enfor cement and maintenance of buslanesand busstreetsisessential.
Fines for unauthorized vehicles should be high enough to discourageillega use.
BRT buslanes(and streets) should operateall day whenever possible. Thiswill
give passengersaclear sense of bus-laneidentity and make use of specially colored
pavements easier.

Generally, far-sidebusstopsshould be provided. They are essential when there
aretraffic signal prioritiesfor buses and along median arterial buswayswhere | eft-
turn lanes are located near-side. Far-side bus stops are desirable where curb lanes
are used by moving traffic and at locations with heavy right-turn traffic.

BRT lane widths should accommodate the anticipated BRT fleet. Concurrent
flow bus lanes should be at least 11 feet wide for 8.5-foot-wide buses (including
mirrors); 12- to 13-foot-wide bus lanes are desirable. Contraflow buslanes should
be at |east several feet wider to provide acushion between the buslanes and oppos-
ing traffic and to let buses pass around errant pedestrians in the lanes. Bus streets
and arterial median busways should be at least 22 feet wide.

Buslanesin the center of streets should be physically separated from other
traffic. These median arterial busways will require curb-to-curb roadway widths
of at least 75 to 80 feet.

Buslanes and bus streets must be per ceived as reasonable by users, public
agencies, and the general public. An exclusive buslane should carry more people
than it would if the lane were used by general traffic.

S-3.4. Off-Street Running Ways

Off-street BRT running ways for line-haul BRT operations can permit high speeds
and minimize traffic interferences. A desirable goal isto provide as much of the BRT
route mileage in reserved freeway lanes or special busways as possible. The follow-
ing considerations should underlie BRT development in specia bus-only roadsand in
freeway corridors:

Rapid and reliable BRT serviceis best achieved when buses operate in dedi-
cated busways or reserved lanesin freeway rights-of-way. Busways have the
advantages of better penetration of markets, closer relationship of stations to sur-
rounding areas, better opportunitiesfor transit-oriented devel opment, and astronger
sense of identity.

BRT access to freeways will benefit from bus-only ramps and/or metered
rampswith busbypasslanes. These ramps have the dual benefits of reducing bus
delays and/or improving main-line flow.

Ideally, busways should penetrate high-density residential and commercial
areas, traver se the city center, and provide convenient distribution to major
downtown activities. Busways should minimize branching to simplify route struc-
ture and station berthing.

Busways should be located on their own rights-of-way whenever possible.
Locations in order of desirability are (1) separate right-of-way, (2) one side of a
freeway right-of-way, and (3) within freeway medians.

Railroad and freeway rights-of-way offer opportunities for relatively easy
land acquisitions and low development costs. However, the right-of-way avail-
ability should be balanced with its proximity and access to key transit markets.
Such rights-of-way may generate little walk-on traffic, limit opportunitiesfor land
development, and require complex negotiations.
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It is generally preferable that downtown off-street busway distribution pro-
vide at least three stops at 7- to %-mileintervals. Thisis essential to avoid con-
centrating all boardings and alightings at one location with attendant increases in
bus dwell times.

Buswaysshould enable expressBRT servicesto passaround stopped busesat
stations. This increases service flexibility, reliability, and capacity, and it would
result in cross sections of about 50 to 80 feet at stations.

Busways could be designed to allow for possible future conversion to rail or
other fixed guideway transit. A 60-foot, mid-station, right-of-way width and an
80-foot width at stations can allow BRT service during the conversion period.
Busway stations should be accessible by foot, automobile, and/or bus. These
should be placed at major traffic generators and at intersecting bus lines. Park-
and-ride facilities should be provided in outlying areas where most access is by
automobile.

Busways can be provided as part of new town developments (e.g., Runcorn)
or serve as an access framework for still-to-be-developed areas. This makes
land acquisition easier and encourages transit-oriented development.

Busways may operate normal flow (with shoulder s provided whenever possi-
ble), special flow (with acentral shoulder or passing lane), or contra flow (with
acentral shoulder passing lane). Normal flow designs arethe simplest, safest, and
most common. Contra flow configurations permit common center-island station
platforms that minimize station stairways, supervision, and maintenance require-
ments; however, they require crossovers at beginning and end pointsif buseswith
doors on only one side are used.

Car pools and van pools may sometimes share bus-only lanes and busways
along freeways. However, this should happen only when busvolumesarelow, there
are no (or few) stations, and the high-occupancy vehicles (HOV's) do not impede
bus movements. Generally, bus-only facilities are preferable from a standpoint of
service reliability and identity.

Special BRT facilities along freeways are essential whenever congestion is
prevalent. Theidentification of major overload pointsalong freewaysisan impor-
tant first step in identifying where special BRT facilities should be provided.

Bus lanes generally should extend at least 5 milesto allow busesto run non-
stop. The principal exceptions are “queue bypass’ lanes, which are common on
approachesto river crossings (e.g., the New Jersey Route 3 contraflow lane onthe
approach to the Lincoln Tunnel).

Existing freeway lanesin the heavy direction of travel should not beconverted
to buslanes. It is better to provide additional lanes for this purpose so as not to
make general traffic congestion worse.

Standardization of freeway entranceand exit rampstotheright of thethrough
trafficlanesper mitsuse of median lanesby buseseither in concurrent (normal)
or contra (rever se) flows. Special busentry and exit rampsto and from the median
lanes should be provided as needed so buses do not have to weave across the main
travel lanes.

Both median and right-side bus lanes are in operation. Median lanes are
removed from ramp conflicts at interchanges and can allow special median access
to crossroads. However, they require careful design of access points to avoid
weaves across the general traffic lanes. Right-shoulder lanes alow easy bus entry
and exit. However, they result in frequent weaving conflicts, especially when
crossroad entry and exit ramps are closely spaced.
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* When a BRT commuter express service (such asin Houston) operates on an
HOV facility, it is essential that the BRT service have its own access/egress
rampsto off-linetransit stationsand/or toits park-and-ridefacility. Residen-
tial off-line collection should be done without requiring vehicles to weave across
general traffic lanesto enter and leave the facility.

* Running ways should be wide enough to enable busesto pass stalled or dis-
abled vehicles without encr oaching on opposing lanes.

S-4. TRAFFIC ENGINEERING

The specific traffic engineering techniquesrequired for BRT running waysvary with
the type and location of BRT running ways. They generally include (1) curb adjust-
ments, changes in roadway geometry, and pavement markings; (2) curb parking and
loading contrals; (3) left- and right-turn controls; (4) one-way street routings; (5) and
traffic signal controls including BRT priorities. They apply wherever BRT operates
and interfaces with roads and streets, if only at intersections. The general goals are to
(1) minimize delays along roadways for both buses and automobiles, (2) ensure safe
and reliable pedestrian accessto BRT stops, and (3) maintain essential accessto curb-
Side activities.

Enforcement should be done by thejurisdictionsthat have primary responsibility for
the BRT running ways. It should be done on a sustained basis, and penalties for viola-
tions (e.g., fines and towing) should be stringent.

S-5. STOPS, STATIONS, AND TERMINALS

Bus stops, stations, terminals, and associated facilities such as park-and-ride lots
form the interface between passengers and the BRT system. They should be permanent,
weather-protected facilities that are convenient, comfortable, safe, and accessible to
passengers with disabilities. These facilities should support a strong and consistent
identity for BRT in the community, while respecting and enhancing the surrounding
urban context.

BRT facilities should be viewed as urban-design assets. Integration of aBRT guide-
way into an urban setting presents an opportunity to improve and enrich streetscapes
by incorporating new amenities such as landscaping and recreational trails. Because
guideway construction may displace lighting, sidewalks, and street furniture, these
elements can and should be reconstructed or replaced so as to reinforce new, unified
design themes.

Station development calls for high-quality designs and passenger amenities; estab-
lishing consistent themes of form, material, and color for stations and other BRT ele-
ments; context-sensitive design; and relating BRT stations to adjacent land uses.

Key BRT station concepts and guidelines are the following:

* Provide a full range of amenities at stations, including shelters, passenger
information, telephones, lighting, and security provisions.

* Design for station access by customer s who have disabilities.

* Provide a consistent pattern of station location, configuration, and design to
the maximum extent practical.

* SeparateBRT, local buses, automobiles, and pedestrian movementsin station
design.

* Coordinate station platform design with vehicles and far e collection paolicies.
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S-6.

Ensurethat station configurationssupport the service plan and oper ating phi-
losophy of the BRT route. Provide bypass capabilities when express and local
BRT services are provided on the same running way.

Size station berths, platforms, and access facilitiesto serve the expected num-
ber of rider swithout overcrowding or spillback, to provide capacity for future
growth, and to achieve reasonable levels of service.

Increase berth capacity by fostering fare prepayment and/or multidoor
boarding.

Ensure that station locations and designs are developed cooper atively with
the surrounding community.

Provide far-side stops wher e running ways cross streets at grade.

Provide convenient transfers between BRT and intersecting transit routes.
Place BRT and local bus stopsin separate areas when both services use acommon
route, but allow for convenient transfers between them.

For routesthat terminate at the station, allow independent bus arrivals and
departuresat major transit centersand busterminals.

VEHICLES

BRT vehicles should be carefully selected and designed because of their impacts on
travel times, service reliability, and operating/maintenance costs; their impacts on the
environment; and their identity and appeal to passengers. They should be customized
for the markets that they will serve. They should use body styles and propulsion sys-
tems that have been proven in revenue service.

The desired features of BRT vehicles include the following:

Vehicles should provide sufficient passenger capacity for anticipated rider-
ship levels. They may be standard 40-foot or articulated 60-foot buses for main-
line service or smaller buses for collector/distributor service.

Vehiclesshould beeasy to board and alight. This can be achieved by using low-
floor buses with floor heights 12 to 15 inches above street level and using wide,
multistream doors. Buses using high platforms at stations can a so speed boarding,
but they may require precise docking; they are only practical when operating flex-
ibility is not limited.

A sufficient number of doors should be provided, especially when coor di-
nated with off-vehiclefar e collection. Generally, about one door channel should
be provided for each 10 feet of vehicle length (e.g., two double-stream doors for
a40-foot bus). Providing doors on both sides of buses (aswith light rail vehicles)
enables both center-island and side station platforms to be used.

Internal vehicle design generally should maximizethe number of peopleeach
bus can carry, rather than the number of seated passengers. Thisislessrele-
vant for routes with long person trips, on which vehicles should accommodate as
many seated passengers as possible.

Wide aisles should be provided to maximize internal circulation space. The
minimum aisle width of 34 inches on some specialized BRT vehiclesis preferable
to the 24-inch width used on most North American buses.

Buspropulsion systems should be“ environmentally friendly” by minimizing
air pollution and noise. Conventional diesel buses can reduce emissions by using
catalytic converters and ultra-low-sulfur fuel. Other low-pollution optionsinclude
compressed natural gas (CNG) diesel-electric hybrids, electric trolley buses, and
dual mode trolley/diesel propulsion.
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* Vehicles should have a distinctive BRT identity and image. They should be
clearly marked or “branded” to convey the BRT theme. Ideally, BRT routes should
only be served by dedicated BRT vehicles.

* Vehicles should have a high passenger appeal and give passengers a com-
fortable ride. Desirable features include air conditioning, lighting, panoramic
windows, automated station announcements, and upholstered seats.

* Vehiclesshould bereliable, with along mean distance between failures.

» Life service costs should be reasonable; the cost of acquiring and operating
buses should be reasonable. Conventional articulated buses cost about $400,000
to $600,000 and have a 12- to15-year design service life as compared with some
of the BRT “purpose-built” vehicles that cost about $1 million and have an 18- to
25-year design life.

Existing BRT vehicles range from conventional single unit and articulated buses to
“special purpose”’ vehiclesthat resemblelight rail vehicles. They include articulated low-
floor vehicles (conventional) and specialized BRT vehicles. BRT vehicles may aso have
automated, multi-axle, rear-wheel, steering systemsthat permit precise docking at stations.

S-7. INTELLIGENT TRANSPORTATION SYSTEMS

ITSs can play an important role in providing fast, safe, and reliable BRT. They can
monitor bus operations, give real-time information to passengers, provide accessible
information for patrons with hearing or visual impairments, provide priority for BRT at
signalized intersections, expedite fare collection, and allow precise docking at stations.

S-7.1. Automatic Vehicle Location (AVL) Systems

AVL systems pinpoint bus|ocations on the street network, improve bus dispatch and
operation, and allow quicker response to service disruptions and emergencies. Both
capital and operating cost savings have been reported by transit agencies using AVL.
AVL systems can provide dynamic real-time information to passengers before aftrip,
at platforms, and/or on vehicle.

S-7.2. Traffic Signal Priority Systems

Traffic signal priority systems for BRT increasingly rely on global positioning sys-
temsto identify buslocations. This enables the prioritiesto be integrated with the mas-
ter Urban Traffic Control Systems. Advancing or extending the green can be uncondi-
tional or conditional (e.g., applied only when buses run late). Overall route travel time
reductions of up to 10% are common. Priority systems also have reduced the range
(variability) in bus delays, thereby increasing reliability.

S-7.3. Automatic Passenger Counters

These applications have reduced the costs of ride checks associated with planning
and monitoring service.
S-7.4. Electronic Fare Collection

Electronic fare collection can reduce dwell times and driver distraction, help reduce
fare collection costs, and increase revenues. Electronic fare collection can be imple-
mented with magnetic systems that use stripe cards, smart cards, and/or debit cards.
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S-7.5. Bus Guidance Technologies

Guidance technologies can control the position of buses in travel lanes, improve
safety, and allow precise docking at stations. Guidance may be mechanical (e.g., thesys-
tems operating in Leeds, United Kingdom; Adelaide, Australia; and Nancy, France);
optical (e.g., the Rouen, France system); or magnetic (e.g., the system in Eindhoven,
Netherlands).

S-8. SERVICE, FARES, AND MARKETING

BRT service should be clear, direct, frequent, and rapid. Fare collection should per-
mit rapid boarding of buses. Marketing should focus on BRT’s unique features and
further reinforce itsidentity. General guidelines are the following:

* Servicepatternsand frequencies should reflect thetypes of running way, city
structure, potential markets, and availableresour ces. Buses may run totally or
partially on dedicated rights-of-way when such running ways are available.

* Service should be simple, easy to understand, direct, and operationally effi-
cient. Providing point-to-point, one-sesat rides should be balanced against the need
for easy-to-understand, high-frequency service throughout the day. It is generally
better to have afew high-frequency BRT routes rather than many routes operating
at long headways.

* Busway route structure should include a combination of basic all-stop ser-
vice that is complemented by express (or limited-stop), feeder, and connec-
tor service. The all-stop service can run all day, from about 6 am. to midnight,
7 days a week, and the express service should operate weekdays throughout
the day or just during rush hours. The basic BRT all-stop service should operate
at 5- to 10-minute intervals during rush hours and 12- to 15-minute intervals at
other times.

* BRT running ways may be used by all transit operatorsin a region where
vehicles meet established safety requirements. BRT vehicles can share running
ways with HOVs in reserved freeway lanes when the joint use does not reduce
travel times, service reliability, and BRT identity.

* Running timesand aver age oper ating speeds should be maximized by provid-
ing wide station spacing and by reducing dwell times at stops.

* Fares should be integrated with the rest of the bus system, but they may not nec-
essarily be the same.

* Fare collection systems should facilitate multiple-door boarding, at least at
major stops during busy periods. Off-board collection (preferred) or on-board
multipoint payment should be encouraged.

* Marketing should emphasize the unique features of BRT such as speed, réli-
ability, service frequency and span, and comfort. It should create aunified sys-
tem image and identity that clearly “brands’ BRT. Distinctive logos, color com-
binations, and graphics should be applied to vehicles and used at stations and on
printed materials.

S-9. FINANCE AND IMPLEMENTATION

Implementing BRT calls for a clear understanding of its benefits, costs, and financ-
ing mechanisms. Priorities should reflect needs and resources, with each stage con-
taining a meaningful package of BRT features. Public agencies should work together
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in making BRT areality and creating atransit-supportive environment. Some guidelines
are the following:

* BRT systems should be integrated with other transit services in terms of
routes, fares, service coordination, and marketing efforts.

* Overall system benefitsresulting from travel time savings, operating cost sav-
ings, and land development increase with operating speed. When travel time
savings are substantial and market conditions are right, BRT can generate substan-
tial new ridership and land development benefits. However, high speeds usually
require busways, which may have high development costs.

* Systems can be financed through combinations of federal, state, and local
funding sources. Value capture, benefit assessments, and other public-private
arrangements may provide additional funding in special circumstances such as
around major stations.

* Although most systemsaredeveloped by traditional design-bid-build arrange-
ments, innovative project delivery arrangements may be feasible. Design-
build-operate-maintain project delivery strategies may be appropriate for major
projects with widespread system benefits.

* BRT iswell suited for incremental development because of its operating flex-
ibility. Each stage should contain a well-packaged series of BRT elements. Early
action and early successes are essential to maintain community interest and sup-
port. Busways can be designed to alow possible future conversion to rail asneeds
arise or ridership warrants.

* Transit agencies, city transportation departments, and state agencies must
work together in planning, designing, and maintaining BRT systems. Close
cooperation and coordination are essential.

* Parking and land use policy should reinforce BRT operations by fostering
transit-oriented development and limiting downtown parking.

* BRT should beviewed asan important community asset that improves mobil-
ity and contributesto morelivable and vital urban areas.

S-10. SUMMARY REFERENCE

“BRT Reference Guide.” Bus Rapid Transit. Federal Transit Administration, U.S.
Department of Transportation. www.fta.dot.gov/brt/guide/index.html




CHAPTER 1
INTRODUCTION

This second volume of TCRP Report 90: Bus Rapid Transit
presents planning and implementation guidelines for busrapid
transit (BRT). The guidelines are based on aliterature review
and an analysis of 26 case study citiesin the United States and
abroad. Thisis the third of three documents covering TCRP
Project A-23, “Planning and Implementation Guidelines for
Bus Rapid Transit.” The first document, “BRT—Bus Rapid
Transit—Why More Communities Are Choosing Bus Rapid
Transit,” an informational brochure, was published in 2001.
The second document is the first volume of TCRP Report 90:
Bus Rapid Transit, published in July 2003. In addition, the
project team compiled avideo library of BRT and an exten-
sive annotated bibliography of previous research on BRT.

The guidelines presented in this volume are intended to
assist transportation practitioners with planning and imple-
menting BRT systems. The guidelines cover the main com-
ponents of BRT—running ways, stations, traffic controls,
vehicles, intelligent transportation systems (1 TSs), bus oper-
ations, fare collection and marketing, finance, implementa-
tion, and staging. The guidelines also cover the packaging of
these elements into a permanently integrated unit that char-
acterizes BRT. This volume is organized as follows:

» Chapter 1 describes basic BRT concepts, the reasons for
BRT implementation, and the key findings of the 26 BRT
case studies.

» Chapter 2 setsforth general planning considerations, key
issues and concerns, the system development process,
desirable conditions for BRT, general planning princi-
ples, and an overview of system types.

* Chapter 3 describes the various types of running ways.

 Chapter 4 containstraffic engineering trestmentsfor BRT.

* Chapter 5 gives guidelines for stops, stations, and
terminals.

» Chapter 6 gives salient information on vehicle typesand
features.

» Chapter 7 discusses the application of ITSs.

» Chapter 8 covers bus operations, including service pat-
terns, fare collection, and marketing.

* Chapter 9 presents key implementation considerations,
including benefits and costs, financing, institutional and
public policy issues, and incremental development or
staging of BRT systems.

* Appendixes A through F (which have not been edited
by TRB) contain supporting materials.
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The guidelines focus on North American practice. How-
ever, many aspects also apply to BRT development in other
countries.

1-1. BASIC CONCEPTS OF BRT

There is a broad range of perspectives as to what consti-
tutesBRT. The Federal Transit Administration, for example,
definesBRT as*“arapid mode of transportation that can com-
bine the quality of rail transit and the flexibility of buses’
(Thomas, 2001). The following definition of BRT has been
used in developing the guidelines presented here: BRT isa
flexible, rubber-tired form of rapid transit that combines sta-
tions, vehicles, services, running ways, and I TS elementsinto
anintegrated system with astrong identity. BRT applications
are designed to be appropriate to the market they serve and
their physical surroundings, and they can be incrementally
implemented in avariety of environments (from rights-of-way
totally dedicated to transit—surface, elevated, underground—
to mixed with traffic on streets and highways).

In many respects, BRT is rubber-tired light rail transit
(LRT), but with greater operating and implementation flexi-
bility and potentially lower costs. Often, a relatively small
investment in adedicated guideway can support regiona rapid
transit. This definition has the following implications:

* BRT is operated with steerable, rubber-tired vehicles
capable of on- aswell as off-guideway operation. This
can provide greater operating flexibility and potentially
lower capital and operating costs than rail transit.

* When BRT vehicles (buses) operatetotally on exclusive
or protected rights-of-way (surface, elevated, and/or
tunnel) with on-line stops, the service provided is simi-
lar to rail rapid transit.

* When buses operate in combinations of exclusive rights-
of-way, median reservations, buslanes, and street running
with on-line stops, the service provided issimilar to LRT.

* When BRT operates almost entirely on exclusive bus or
HQV lanes on highways (freeways and expressways), to
and from transit centers with significant parking, and
with frequent levels of peak service focused on atradi-
tional Central Business District (CBD), it is similar to
commulter rail.
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* When buses operate mainly on city streets, with little or
no special signal priority or dedicated lanes, the service
provided is similar to an upgraded limited-stop bus or
tram system.

Themajor components of BRT are planned with the objec-
tive of improving the key attributes of speed, reliability, and
identity. Collectively, as an integrated package, they form a
complete rapid-transit system with significant customer con-
venience and transit level of service benefits (“BRT-Bus
Rapid Transit,” 2001).

1-2. REASONS FOR IMPLEMENTATION

Transportation and community-planning officials al over
the world are examining public transportation solutions to
improve urban mobility and contain urban sprawl. These
concerns have led to the reexamination of existing transit
technologies and the development of new, creative ways to
improve transit service and performance. BRT is seen as a
cost-effective means of achieving these objectives. BRT can
be built in stages, requires shorter planning and construction
time frames, and has lower costs and greater flexibility than
LRT. In addition, it can be built in any environment where
LRT runs.

For most intermediate capacity rapid-transit applications
now being considered in North America, bus-based rapid
transit has the potential to offer capacities and alevel of ser-
vice that are comparable to rail systems in many respects,
superior in some respects, and characterized by both operat-
ing and capital costs that (depending on passenger volumes)
will generally be considerably lower.

Specific reasons for implementing BRT are thefollowing:

e Continued growth of urban areas, including many
CBDs and suburban and regional centers, requires more
transport service and improved access. Given the costs
and community impacts associated with major road
construction, improved and expanded public transport
emerges as an important way to provide the needed
capacity. However, existing bus systems are difficult to
use; service is slow, infrequent, and unreliable; route
structures are complex and hard to understand; vehicles
and operations are not well matched to markets; and
there is little, if any, passenger information and few
amenitiesat stops. Rail transit can be difficult, time con-
suming, and expensive to implement; costly to operate;
and poorly suited to many contemporary U.S. travel
markets.

* BRT can often be implemented quickly and incremen-
tally, without precluding future rail investment if and
when it iswarranted.

* For agiven distance of dedicated running way, BRT is
generally less costly to build and equip than rail transit.

Moreover, there are relatively low facility costs where
buses operate in existing bus-only lanes or HOV lanes.
* BRT can be cost-effective in serving a broad variety of
contemporary U.S. urban and suburban environments.
BRT vehicles, whether driver-steered or guided mechan-
ically or electronically, can operate on streetsandin free-
way medians, railroad rights-of-way, and arteria struc-
tures, as well as underground. BRT can easily provide
abroad array of direct express, limited-stop, and local
all-stop services on a single facility. Rail systems, with
their large basic service units, must often force multiple
transfersto serve the same markets.
* BRT can provide quality performance with sufficient
transport capacity for corridor applicationsin most U.S.
and Canadian cities. (The Ottawa Transitway system’s
West Line, for example, carries more people in the
peak-hour peak direction than most LRT segments in
North America). Many BRT lines in South American
cities carry peak-hour passenger flows that equal or
exceed those on many U.S. and Canadian fully grade-
separated rapid-transit lines.
* At the ridership levels typically found in most urban
corridors, BRT' srelatively low marginal fixed and main-
tenance costs can offset variable driver coststo provide
low net-unit operating and maintenance costs.
* BRT iswell suited to extend thereach of existing rail tran-
sit lines. BRT can also provide feeder services to/from
areas where densities are currently too low to support
rail transit.
* BRT, like other forms of rapid transit, can be integrated
into urban and suburban environments.
* The application of several ITS and other modern tech-
nologies makes BRT even more attractive and practical
than earlier bus-based rapid-transit systems. Thesetech-
nologies include
— “Clean” vehicles (e.g., those powered by electroni-
cally controlled “clean,” quiet diesel engines with
catalytic converters, compressed natural gas[CNG],
hybrid-“clean” diesel electric, or dual power, such as
trolley/diesel);

— Low-floor vehicles that allow quick, level board-
ing; and

— Mechanical, electronic, and optical guidance systems.

The main reasons cited in the case studies (presented in
Volume 1 of TCRP Report 90) for implementing BRT were
lower development costs and greater operating flexibility as
compared with rail transit. Other reasons included BRT as
apractical alternative to major highway reconstruction, an
integral part of the city’s structure, and a catalyst for re-
development. A 1998 study in Eugene, Oregon, for example,
found that a bus-based system could be built for about 4% of
thecost of rail transit. However, in Boston, BRT was sel ected
because of its operational and service benefits rather than its
cost advantages.



1-3. STATE-OF-THE-ART SYNTHESIS

A synthesis of the experiences of 26 urban areasin North
America, Australia, Europe, and South America follows
(Levinson et al., 2002) Most of these systems are in revenue
service; afew are under construction or devel opment.

1-3.1. Location

The locations, urban populations, rail transit availability,
and development status of the 26 study cities are shown in
Table 1-1. They include 12 urban areas in the United States
(Boston, Charlotte, Cleveland, Eugene, Hartford, Honolulu,
Houston, Los Angeles[3 systems], Miami, New Y ork [2 sys-

TABLE 1-1 Casestudy locations
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tems], Pittsburgh, and Seattle); 2 cities in Canada (Ottawa
and Vancouver); 3citiesin Australia (Adelaide, Brishane, and
Sydney); 3 citiesin Europe (L eeds, Runcorn, and Rouen); and
6 citiesin South America (Belo Horizonte, Bogotd, Curitiba,
Porto Alegre, Quito, and Sao Paulo).

1-3.2. Features

Themain features of BRT include dedicated running ways,
attractive stations; distinctive, easy-to-board vehicles; off-
vehicle fare collection; use of ITS technologies; and fre-
quent all-day service (typically between 5 a.m. and midnight).
Table 1-2 summarizes BRT features by continent for systems
in the 26 cities analyzed.

URBANIZED RAIL
CASE STUDY LOCATION POPﬁ?%‘A\I’ION TRN?E{ES—O| N
(MILLIONS) AREA?

NORTH AMERICA

Boston, MA 3.0 v

Charlotte, NC 14

Cleveland, OH 2.0 v

Eugene, OR (Lane Transit District) 0.2

Hartford, CT 0.8

Honolulu, HI 0.9

Houston, TX 18

Los Angeles County, CA ? 9.6 v

Miami, FL 2.3 v

New York, NY 16.0 N

Ottawa, ON® 0.7 Wy

Pittsburgh, PA 1.7 v

Seattle, WA 18

Vancouver, BC 2.1 N
AUSTRALIA

Adelaide 11 v

Brisbane 15 v

Sydney 17 v
EUROPE

L eeds, United Kingdom 0.7

Rouen, France 0.4 N

Runcorn, United Kingdom 0.1
SOUTH AMERICA

Belo Horizonte, Brazil 2.2 N

Bogot4, Colombia 5.0

Curitiba, Brazil 2.6

Porto Alegre, Brazil 1.3 v

Quito, Ecuador 15

Séo Paulo, Brazil 85 v

#Urbanized area population exceeds 15 million.

®Urbanized area population exceeds 1 million when Hull, Quebec, is included.
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TABLE 1-2 Number of facilitieswith specific features

Feature us/ Australia & South Total Per cent of
Canada Europe America Systems Total
Running Way 13 5 6 24 83
Stations 12 4 3 19 66
Digtinctive Vehicles 7 1 3 11 38
Off-Vehicle Fare 2 0 3 5 17
Collection
ITS 7 1 3 11 38
Frequent All-day 11 5 6 22 76
Service
Total Systems 17 6 6 29 100

Source: Levinson et al., 2003.

Over 80% of the systems have sometype of exclusive run-
ning way—either a bus-only road or a bus lane. More than
75% provide frequent all-day services, and about 66% have
“stations” rather than stops. In contrast, only about 40% of
the systems have distinctive vehiclesor I TS applications, and
only 17% (five systems) have or will have off-vehicle fare
collection. Three existing systems have all six basic features:
Bogot&'s TransMilenio, Curitiba’'s median busways, and
Quito’s Trolebus. Several systems under development (e.g.,
in Boston, Cleveland, New Britain—Hartford, and Eugene)
will have most BRT features.

1-3.2.1. Running Ways

Running ways for BRT include mixed traffic lanes, curb
buslanes, and median busways on city streets; reserved lanes
on freeways; and bus-only roads and tunnels. Systems nor-
mally have a combination of running ways—for example, in
North America, curb bus lanes and mixed traffic operations
complement busways. Table 1-3 summarizes the principal
characteristics of running ways by region. The case study
data show that busways dominate North American practice,
whereas median arterial busways are widely used in South

TABLE 1-3 Running way characteristics by region

TYPE N. AMERICA AUSTRALIA EUROPE S. AMERICA
Bus Tunnel Boston Brisbane
Seattle
Busway New Britain— Adelaide® Runcorn
(Separate Right- Hartford Brisbane
of-Way) Miami Sydney
Ottawa
Pittsburgh
Busway in Charlotte
Freeway Median | Los Angeles
Reserved Houston”
Freeway Lanes | New York City®
Ottawa
Median Arteria | Cleveland Belo Horizonte
Busway Eugene? Bogot&®
Vancouver Curitiba’®
Porto Alegre
Quito®
S#o Paulo®
Bus Lanes Rouen®
Leeds
NoTEs:

1 Buslanes are found in many cities with busways, freeway lanes, and median arterial busways,
(e.g., Boston, Houston, New Y ork City, Ottawa, Pittsburgh, and Vancouver).

2 Electronically Guided Bus.

30-Bahn Guided Bus.

4QOptically Guided Bus.

5 Guided Bus with Queue Bypass.

6 Optically Guided Bus.

"Reversible HOV Lanes.

8 Contra Flow Bus Lanes.

9High-platform Stations with Fare Prepayment.
SouRce: Levinson et al., 2003.



America. Reversible and contra flow lanes and HOV lanes
along freeways are found only in the United States. Bustun-
nels, such asthose in Brisbane and Seattle and the one under
construction in downtown Boston, bring a major feature of
rail transit to BRT.

1-3.2.2. Sations

The spacing of stations aong freeways and busways ranges
from 2,000 to 21,000 feet, enabling buses to operate at high
speeds. Spacing along arterial streets ranges upward from
about 1,000 feet (e.g., Cleveland and Porto Alegre) to over
4,000feet (e.g., Vancouver and LosAngeles). Most stationsare
located curbside or on the outside of bus-only roads and arter-
ia median busways. However, the Bogota system, a section
of Quito’sTrolebus, and Curitiba' s* direct” (express) service
have center idand platforms and vehicles with | eft-side doors.

Busways widen to three or four lanes at stationsto enable
express buses to pass stopped buses. South America’s arte-
rial median busways also provide passing lanes. Stations and
passing lanes are sometimes offset to minimize the busway
envelope.

Most BRT stations have low platforms because many are
or will be served by low-floor vehicles. However, Bogotd's
TransMilenio, Quito’s Trolebus, and Curitiba’s all-stop and
direct express services provide high platforms; some buses
are specially equipped with alarge ramp that deploys at sta-
tions to alow level passenger boarding and alighting. Each
of these systems also has off-vehicle fare collection. Rouen
features optically guided Irisbus Civis vehicles that provide
precision docking, which minimizes the gap for level board-
ing and alighting.

Stations provide a wide range of features and amenities
depending on locations, climate, type of running way, patron-
age, and available space. Overhead walkswith fences between
opposite directions of travel are provided along busways in
Brishbane, Ottawa, and Pittsburgh.

1-3.2.3. Vehicles

Conventional standard and articulated diesel-powered
buses arewidely used for BRT operations. Thereis, however,
atrend toward innovation in vehicle design in terms of (1)
“clean” vehicles; (2) dual mode (diesel or CNG/electric)
operationsthrough tunnels; (3) low-floor buses; (4) moreand
wider doors;, and (5) distinctive, dedicated BRT vehicles.
Examples of innovative vehicle designsinclude the following:

* LosAngeles low-floor red and white CNG vehicles,

* Boston’ splanned multidoor, CNG, and dual mode diesel-
electric vehicles; and

* Curitiba sdouble articulated buseswith five sets of doors
and high-platform loading.
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Rouen’s Irisbus Civis—a “new design” hybrid diesel-
electric articulated vehicle with trainlike features has four
doors and a minimum 34-inch-wide aisle end to end. It can
be optically guided to precision dock at stations, alowing
gap-free boarding and alighting.

1-324. ITSs

Applications of ITS technologies include automatic vehi-
clelocation (AVL) systems, passenger information systems,
andtraffic signal preference at intersections. The Metro Rapid
bus routes in Los Angeles can get up to 10% of the cycle
length in additional green time when buses arrive late at sig-
nalized intersections.

1-3.2.5. Service Patterns

Service patternsreflect the markets being served and impact
of the types of running ways and vehicles utilized. Many sys-
temsprovidean “overlay” of express (or limited-stop) service,
all-stop (or local service), and “feeder” busservicesat selected
stations. Servicein most systems extends beyond the limits of
busways or bus|anes—an important advantage of BRT. How-
ever, the Bogot4, Curitiba, and Quito systems operate only
within the limits of the special running ways because of door
arrangements, platform heights, and/or propulsion systems.

1-3.2.6. Performance

The performance of the BRT systems evaluated ranges
widely, based on the configuration of each system. For the
purposes of this report, performance was measured in terms
of passengers carried, travel speeds, and land development
changes.

Ridership. Measuredintermsof boarding, weekday riders
reported for systems in North America and Australia range
upward from 1,000 in Charlotte to 40,000 or more in Los
Angeles, Seattle, Adelaide, and Brisbane. Daily ridershipin
Ottawaand the South American citiesis substantially higher,
exceeding 150,000 per day.

Examples of the heavier peak-hour, peak-direction passen-
ger flows at the maximum load points are shown in Table 1-4.
These flows equal or exceed the number of LRT passengers
carried per hour in most U.S. and Canadian citiesand approach
rail rapid-transit volumes.

Reported increases in bus riders because of BRT invest-
mentsreflect expanded service, reduced travel times, improved
facility identity, and population growth. Examples of ridership
gainsinclude the following:

¢ 18to 30% were new riders in Houston;
* LosAngeleshad a26to 33% gaininriders, one-third of
which was new riders;
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TABLE 1-4 Peak-hour, peak-direction passenger flows

TABLE 1-6 Examplesof travel time savings

PASSENGER VOLUMES | BRT SYSTEM
Over 20,000 per hour

New Jersey: Approach to Lincoln Tunnel

Bogot&'s TransMilenio

Porto Alegre
S&o Paulo

Belo Horizonte

8,000-20,000 per hour

Ottawa
Quito
Curitiba
Brisbane

Source: Levinson et al., 2003.

* Vancouver had 8,000 new riders, 20% of whom previ-
ously used automobiles, and 5% of whom represented
new trips;

* Adelaide had a 76% gain in ridership;

* Brishane had a 60% gain in ridership; and

* Leedshad a50% gain in ridership.

Speeds. Operating speeds reflect the type of running way,
station spacing, and service pattern. Typical speedsare shown
in Table 1-5. Speedson arterial streetsgenerally average less
than 20 miles per hour; 14 miles per hour istypical. Speeds
on busways or in freeway bus lanes can range up to 50 miles
per hour depending on spacing of stops.

Travel Time Savings. Reported travel time savings over
pre-BRT conditions areillustrated in Table 1-6. Buswayson
dedicated rights-of-way generally save 2 to 3 minutes per
mile compared with pre-BRT conditions. Bus lanes on arte-
ria streets typically save 1 to 2 minutes per mile. The time
savings are greatest along bus routes that previously experi-
enced major congestion.

L and Development Benefits. Reported land development
benefits with full-featured BRT are similar to those experi-
enced alongrail transit lines. Ottawareported about $675 mil-
lion (U.S. dollars) in new construction around Ottawa Tran-
sitway stations. Pittsburgh reported $302 million in new and
improved development along the East Busway, and property

TABLE 1-5 Typical operating speeds

Freeway-Busway Speeds
Non-Stop 40-50 mph
All-Stop 25-35 mph

Arterial Streets
Express, Bogota, Curitiba 19 mph
Metro Rapid bus, VenturaBlvd., Los Angeles 19 mph
Metro Rapid bus, Wilshire Blvd., Los Angeles 14 mph
All-Stop—Median Busways, South America 11-14 mph
Limited Stop—New York City 8-14 mph

Source: Levinson et al., 2003.

BRT System Reported Travel Time Savings
Busways, Freeway lanes 32-47%
Bus Tunnel—Sesttle 33%
Bogota 32%
Porto Alegre 29%
Los Angeles Metro Rapid bus 23-28%

Source: Levinson et al., 2003.

values near Brishane' s South East Busway stations grew 20%
faster than property valuesin the surrounding area.

Costs. Facility development costs reflect the type of con-
struction and its complexity, as well as the year of construc-
tion. Reported median costs were $272 million per mile for
bus tunnels (2 systems), $12.8 million per mile for dedicated
busways (12 systems), $6.6 million per mile for arterial
median busways (5 systems), $4.7 million per mile for
guided bus operations (2 systems), and $1 million per mile
for mixed traffic or curb buslanes (3 systems). Comparisons
of BRT and light rail operating costs suggest that BRT can
cost the same or less to operate per passenger trip or passen-
ger milethan LRT.

1-4. IMPLICATIONS AND DIRECTIONS

Unique circumstances in each urban areainfluence BRT
markets, service patterns, viability, design, and operations.
Within this context, several key lessons, implications, and
directions emerged from the case studies. Many of these
lessons also can apply to rail rapid-transit planning and
development.

BRT system development should be an outgrowth of a
planning and pr oj ect development processthat addr esses
demonstrated needsand problems. Thereshould bean open
and objective processthrough all phases of BRT devel opment.

Early and continuous community support from elected
leaders and citizens is essential. Public decision makers
and the general community must understand the nature of
BRT and itspotential benefits. BRT’ scustomer attractiveness,
operating flexibility, capacities, and costs should be clearly
and objectively identified in alternatives analysesthat consider
other mobility options as well.

State, regional, and local agencies should work together
in planning, designing, and implementing BRT. This
requires close cooperation of transit service planners, city traf-
fic engineers, state department of transportation (DOT) high-
way planners, and urban land planners. Metropolitan planning
agencies and state DOT s should be major participants.

Incremental development of BRT will often bedesirable.
Incremental development may provide an early opportunity



to demonstrate BRT's potential benefits to riders, decision
makers, and the general public, while still enabling system
expansion and possible upgrading.

BRT systems should providereasonable usage, travel
time savings, cost, development benefits, and traffic
impacts. The greater the number and sophistication of the
elements constituting the BRT system, the greater the benefits.

Parking facilities should complement, not undercut,
BRT. Adequate parking is essential at stations along high-
speed transitways in outlying areas. It may be desirable to
manage downtown parking space for employees, especially
where major BRT investments are planned.

BRT and land use planning in station areas should be
integrated asearly aspossible. Adelaide, Brisbane, Ottawa,
Pittsburgh, and Curitiba have demonstrated that BRT can
have land use benefits similar to those resulting from rail tran-
sit. Close working relationships with major developers may
be necessary in addressing issues of building orientation,
building setbacks, and connectionsto stations.

BRT should servedemonstrated transit markets. Urban
areas with more than a million residents and a central area
employment of at least 75,000 are good candidates for BRT
in North American cities. These areas generally have suffi-
cient corridor ridership demands to allow frequent all-day
service. BRT works well in physically constrained environ-
ments where hills, tunnels, and water crossingsresult in fre-
quent traffic congestion.

It is essential to match markets with rights-of-way.
The presence of an exclusive right-of-way, such as along a
freeway or railroad corridor, is not always sufficient to ensure
effective BRT service. Thisisespecially truewhen therights-
of-way are removed from major travel origins and destina-
tions and the stations are inaccessible. Idedly, BRT systems
should be designed to penetrate major transit markets.

Thekey attributesof rail transit should betransferred
to BRT, whenever possible. These attributes include seg-
regated or priority rights-of-way; attractive stations; off-
vehicle fare collection; quiet, easily accessible, multidoor
vehicles; and clear, frequent, all-day service. A successful
BRT project requires more than merely providing a queue
bypass, bus lane, or dedicated busway. It requires the entire
range of rapid-transit elements and the development of a
unique system image and identity. Speed, servicereliability,
and an all-day span of service are extremely important. Cor-
ners should not be cut merely to reduce costs.

BRT should berapid. Thisisbest achieved by operating
on exclusive rights-of-way wherever possible and by main-
taining wide spacing between stations.
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Separ ate rights-of-way can enhance speed, reliability,
safety, and identity. Theserunning ways can be provided as
integral partsof new town development or asan accessframe-
work in areas that are under development. They also may be
provided in denser, established urban areas where right-of-
way is available. Bus tunnels may be justifiable where con-
gestion is frequent, bus and passenger volumes are high, and
street spaceis limited.

The placement, design, and operation of buslanesand
median busways on streets and roads must balance the
diver se needsof buses, delivery vehicles, pedestrians, and
general traffic flows. Curb lanes alow curbside boarding
and alighting, but they may be difficult to enforce. Median
busways provide greater identity and avoid curbside inter-
ferences, but they may pose problems with left turns and
pedestrian access. Moreover, they generally require streets
that are at least 75 feet in width from curb to curb.

Vehicledesign, station design, and far e collection pro-
cedures should be well coordinated. Stations should be
accessible by bus, automobile, bicycle, and/or foot. Ade-
guate berthing capacity, passing lanes for express buses (on
busways), and amenities for passengers should be provided.
Buses should be distinctively designed and delineated. They
should provide sufficient passenger capacity, multiple doors,
and low floors for easy passenger access. There should also
be ample interior circulation space. Off-vehicle fare collec-
tionisdesirable, at least at major boarding points. Achieving
thesefeatures callsfor changesin operating phil osophiesand
practices. ITS and smart card technology applied at multiple
bus doors may facilitate rapid on-board payment without los-
ing revenues.

Coordinated traffic engineering and transit service
planning is essential for BRT system design. It is espe-
cialy critical in designing running ways, locating bus stops
and turn lanes, applying traffic controls, and establishing traf-
fic signal prioritiesfor BRT.

BRT service can extend beyond the limits of dedicated
runningwayswhereareliable, relatively high-speed oper -
ation can be sustained. Outlying sections of BRT lines
can use HOV or bus lanes or even operate in the general
traffic flow.

BRT services should be keyed to ridership. The maxi-
mum number of buses during peak hour should meet ridership
demands and simultaneously minimize bus-bus congestion.
Generaly, frequent, al-stop, trunk-line service throughout the
day should be complemented by an “overlay” of peak-period
express services serving specific markets. During off-peak
periods, overlay services could operate asfeeders (or shuttles)
that are turned back at BRT stations.
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1-5. PROSPECTS

The case studies demonstrate that BRT doeswork. It
can reduce journey times, attract new riders, and induce
transit-oriented development. It can be more cost-effective
and provide greater operating flexibility than rail transit, and
it can serve as a cost-effective extension of rail transit lines.
Generally, BRT systems can provide sufficient capacity to
meet peak-hour travel demands in most U.S. corridors.

One of the key lessons learned from the case studiesis
that BRT should be rapid. Reliably high speeds can be
best achieved when alarge portion of the service operateson
separate rights-of-way.

Major BRT investment should bereinfor ced by transit-
supportive land development and parking policies.
Because BRT has the potential to influence land use, it is
desirable to incorporate considerations for BRT, as with
other rapid-transit modes, into land use planning.

It isexpected that more citieswill examine and implement
BRT systems. There will be agrowing number of fully inte-

grated systems and even more examples of selected BRT ele-
ments being implemented. These efforts will lead to sub-
stantial improvements in urban transit access, mobility, and
quality of life.
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CHAPTER 2
PLANNING CONSIDERATIONS

This chapter sets forth the planning considerations that
underlie BRT development. It gives guidelines for a basic
planning process, indicateswhen (and where) BRT should be
considered, identifies some planning principles and objec-
tives, and illustrates the two basic types of systems.

2-1. SYSTEM DEVELOPMENT PROCESS

Planning for BRT should essentially bethe sameasplanning
for any rapid-transit investment. BRT system development
should be an outgrowth of aplanning and project development
process that stresses problem solving and addresses demon-
strated needs and issues, rather than solution advocacy. The
implementation of federally funded BRT within the United
States beginswith amulti-modal planning processthat focuses
on aternative waysto meet mobility needs. When studiesindi-
cate that some type of major transit capital investment may
be required in a given corridor (e.g., a busway), an analysis
of potential aternativesto meet these needsisusually under-
taken. However, wherelow-cost, short-termoperational strate-
giesareinvolved (e.g., curb buslanesand skip-stop operation),
these may be implemented by the transit operator in conjunc-
tionwith highway and street traffic agencieswith little detailed
alternatives analysis (Issuesin Bus Rapid Transit, 1998).

2-1.1. Issues in the BRT Planning Process

A key issue, uniqueto BRT planning, isdealing with modal
biases in the system planning process and the perceived
greater desirability of rail transit. Other issues are similar to
planning for any rapid-transit mode and include finding suit-
able corridors for BRT, obtaining street space for buses and
sidewalk spacefor stations, achieving effective enforcement,
and overcoming fragmentation of responsibilities and conser-
vative agency attitudes. All should be addressed in the plan-
ning process. Brief discussions of these issues in the system
planning process follow:

1. No prejudgment of modal options. Alternatives anayses
and other transit planning studies may be engaged with
a predisposition toward a mode and technology, even if
these analyses are not supported by ridership or other
factors. Asaresult, these analyses may not satisfactorily
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address the full range of system types and technologies
available, including BRT.

. No biases in cost estimates and ridership forecasts.

There has been a tendency in some alternatives analy-
sesto over estimate ridership and under estimate the cap-
ital, operating, and maintenance costs of major transit
investments. This tendency may result in more capital-
intensive projects than can actually be justified.

. Not prejudging the perceived desirability of rail tran-

sit. Thereisfrequently the perception that rail transitis
more attractive than bus transit and that “world-class
cities’ need rail transit. These attitudes often derive
from the following:

* Bus service is generaly perceived as having lower
quality and less ridership potential than rail.

* Busesare perceived asless environmentally friendly
than rail systems.

* BRT is perceived as not having the same degree of
permanence associated with steel railsand other fixed
guideways. Thiscanresultinlessimpact onland devel-
opment decisionsand, potentially, lead to political and
community pressure to convert underutilized BRT
servicesto normal road use. For example, one concern
that has been expressed by some environmental groups
isthat buswaysaremerely away of expanding theroad
network without making long-term investments in
transit infrastructure.

. Finding suitable corridors for BRT lines and match-

ing marketswith rights-of-way. Often, rights-of -way—
especially for dedicated busways or bus lanes—are not
practical in areas of high development densities and
ridership demands. In addition, rights-of-way that are
available (e.g., on abandoned rail lines or within free-
way medians) may not be ableto capture akey segment
of the potential market. Further, they may not alow
convenient and safe pedestrian access. Often, the wide
streets necessary for busways that are located in the
center of roadways are not available in dense areas.

. Balancing the use of street space. BRT, like LRT, will

preempt street space. Buses will compete with general
traffic flow, curb parking and access, and sometimes
pedestrians for a limited amount of street space. This
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may require demonstrating that sufficient capacity exists
in the corridor to accommodate one or more lanes for
BRT vehicles, without decreasing capacity for peak-
hour vehicular traffic. Providing effective downtown
distribution for buses also may pose problems. Bus-
only lanes may be difficult to justify and implement
when there are few buses.

6. Achieving effective enforcement. Enforcement of park-
ing and loading restrictions along many bus routes and
buslanesisineffective. Merchant willingnessto remove
curb parking is often difficult to achieve.

7. Addressing institutional fragmentation of responsibil-
ities. Developing BRT can be inhibited by the many
agencies that may be involved: city, county, and state
transportation departments (often with afocus on road-
ways); the transit agency; the parking authority; and
metropolitan and local planning organizations. Per-
spectives and priorities may vary, and responsibilities
may differ or overlap. State DOTS, for example, may
favor HOV lanes or may be unwilling to adopt roadway
designs that better accommodate public transport with
pedestrian access/egress.

8. Conservative agency attitudes. Transit agenciesmay be
primarily concerned with balancing operating costs and
revenues. They may perceive BRT as a simple exten-
sion of their bus system that does not require special
attention to vehicle design, fare collection, or other key
rapid-transit features. Transit agenciesin areasthat have
rail transit lines may be accustomed to placing a high
priority on rail facilities for high-capacity passenger
movements, but they may not be used to applying a
similar “quality” philosophy to their bus service. Traffic
engineers may also be hesitant to allocate street space
for buses away from general purpose traffic or to evalu-
ate optionsin terms of person travel rather than vehicle
movements.

Changing these perceptions and addressing these precon-
ceptionsrequires clearly identifying the many benefitsof BRT
and ensuring the provision of high-quality BRT service. The
challengeisto show that BRT can be not only cost-effective
but also environmentally friendly, efficient in influencing
urban land use, and quickly developed. Many BRT systems
have achieved significant ridership, high capacities and per-
formance, reasonable operating and maintenance costs, sig-
nificant travel time savings, and substantial transit-oriented
development.

2-1.2. Community and Agency
Support and Coordination

Early and continuous community and decision-maker
involvement and support are essential through an open plan-
ning process. Public dialogue should be maintained at each
major step in the planning process. Community and advo-

cacy concerns should be recognized and responded to at each
major milestone.

Because successful BRT implementation generally requires
participation of transit operators and highway agencies,
all prospective actors should be aformal part of the planning
effort. Participants also may include representatives of pri-
vate sector transit operators as well as the police department
officialsthat may beresponsiblefor exclusivetransit facility
enforcement, safety, and security.

State, regional, and local cooperation isimportant in plan-
ning, developing, and implementing BRT. Transit planners,
traffic engineers, and urban planners must work together. In
the United States, metropolitan planning agencies and state
DOTs should be major participants.

2-1.3. Modal Considerations

Planning should be approached from the perspectives of
the communities (and agencies) involved, and it should be
presented in their terms. There should be aclear justification
of any BRT proposal intermsof costsand benefits. The plan-
ning of BRT systems, like other rapid-transit systems, should
strike abalance between usage, travel time savings, and devel-
opment benefits. BRT aternatives should be assessed in terms
of overall transportation system mobility needs, environmen-
tal effects, and land development benefits.

Decision makers and the general community must clearly
understand the nature of BRT and its potential benefitsduring
planning in order to avoid any biases and misconceptions.
BRT’ spotential performance, customer and devel oper attrac-
tiveness, operating flexibility, capacities, and costs should be
clearly identified through an alternatives analysis that objec-
tively considers various modal options.

The principal advantages of BRT relative to rail systems
include the following:

* Theability to alter design standards asvolumesincrease
over various segments of a route in accordance with
capacity needs (i.e.,, much greater “staging” or incre-
mental development capability);

* Relatively low capital costs for infrastructure (i.e., no
need for track, electrification, and other fixed plant);

* Thepotential for higher and more flexible typesand fre-
quencies of service over different route segments (i.e.,
capacity need not be constant over the entire route);

* Theflexibility to combinefeeder (i.e., collector and dis-
tribution on local streets) and line-haul serviceswithout
the need for a physical transfer between vehicles;

* Opportunities to extend service into low-density areas
without the need for additional dedicated running ways,

* Thecapability of being used by avariety of vehiclesizes
and types,

* Theability to accommodate adiversity of operating orga-
nizations (e.g., public operators, school buses, and private
carriers);



e Simpler procurement practices for both construction
and vehicles;

 Shorter implementation periods;

* The ability to start construction on key sections first,
such as segments that provide congestion relief or are
the easiest to build, and still provide integrated service
for an entire corridor;

* No requirementsfor additional organizational structures
such asthose usually associated with building and oper-
ating rail systems;

» Greater flexibility for off-line stations that can increase
capacity;

* Theability to use existing roads and streetswhen aninci-
dent occursthat would otherwise cause major disruption
in service;

* A variety of competitive vehicle suppliersand less need
for conformity in vehicle procurement; and

* Less expensive vehicles, even when accounting for
capacity and service life differences.

The main technical advantage of rail transitisitsability to
run high-capacity trainsin high-volume corridors. Thisresults
in the following:

* Potentially lesslabor-intensive operation, depending on
passenger volumes;

» Greater potential capacity;

* Better levels of service at higher volumes,

A more positive image on the part of developers and

customers; and

* Less expensive vehicles, even accounting for capacity
and service life differences

2-1.4. Steps in the Planning Process for BRT

BRT planning in the United States should be consistent
with the New Starts procedures set forth by the FTA, which
are discussed in more detail in Chapter 9. Environmental
impact assessments and statements may be required when
major construction is required.

Planning BRT calls for a realistic assessment of the
demands, costs, benefits, and impacts of afull range of options.
The objective is to develop a coordinated set of actions that
achieve attractive and reliable BRT services, serve demon-
strated demands, providereserve capacity for thefuture, attract
automobile drivers, relate to long-range land use and devel-
opment plans, and have reasonable costs.

Key factorsinclude (1) the intensity and growth prospects
and patterns of the urbanized area; (2) the existing and poten-
tial future demand for public transportation; (3) expansion
of the urbanized area; (4) street width continuity, capacity,
and congestion; (5) opportunitiesfor off-street running ways;
(6) bus operating speeds and reliahility; (7) locations of major
employment centers and residential developments in rela-
tion to potential BRT routes; (8) community attitudes; and
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(9) community resources. Community willingnessto support
public transportation, foster transit-oriented development,
and enforce bus lanesis essential (Fuhs, 1990).

2-1.4.1. Identify Needs and Establish
Conceptual Viahility

The conceptual viability of various options, in terms of
needs, usage, practicality, benefits, land uses served, and
ability for the system to be built, should be established. This
involves addressing several key questions:

* What are the existing numbers of buses and bus passen-
gers using the corridor during daily and peak periods?
What are the projected future transit needs? Are the
numbers sufficient to warrant BRT and to establish bus
lanes and/or build busways?

* What are the general traffic flowsin the corridor?

* What are bus and automobile travel speeds, and where
are the major points of congestion?

* What time savings are likely from bus service opera-
tions and running way improvements? To what extent
would person delay be reduced?

* What are the design and operating features of roadways
in the study corridor?

Opportunities for developing BRT should be explored, as
should potential constraints on development. This calls for
identifying (1) roads and rights-of-way that could be used for
the BRT system, (2) ways to accommodate buses through the
city center, (3) needed changesin the use of road space and traf -
ficcontrols, (4) bus service operating strategies, (5) whether
theinitial concepts are viable, and (6) any potentially fatal
flaws.

2-1.4.2. Develop and Analyze Alternatives

Various combinations of facility, service, and amenity
improvements should be analyzed in terms of operating fea-
tures, travel time savings, environmental and land develop-
ment impacts, and costs. The effectiveness of specific options
requires consideration of multiple criteria(Fuhs, 1990). These
criteria are the following:

* Mobility—accessto employment, services, and facilities;
bus travel time savings; impacts on traffic operation;
increasesin bus ridership; and operational workability.

* Environmental Impacts—reduced use of private vehi-
cles and attendant air pollution and impacts on water
resources and wetlands, parks and open spaces, and his-
torical and cultural resources.

e Land Use—compatibility with local land use policies
and goals and contribution to transit-oriented land use
and economic devel opment.
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» Costs—total project cost (capital and operating), mea
sures of cost-effectiveness (e.g., operating and capital
cost per passenger trip or passenger mile for each alter-
native), and funding availability.

* Ridership—ridership estimates and service plans should
be developed for (1) the opening year, (2) when rider-
ship has matured (e.g., 5-year period), and (3) a 20-year
horizon. Some travel demand model development and
validation may be required in developing long-range
ridership forecasts. Forecasts should be checked for rea-
sonability. TCRP Web Document 12: Traveler Response
to Transportation System Changes, Interim Handbook
provides guidance on estimating changes in ridership
resulting from BRT improvements (Pratt et a., 2000).

Each option should also be assessed in terms of (1) how it
reflects regional planning objectives such as CBD and cen-
tral areamode shares, (2) how it relatesto and can help shape
future growth and contribute to redevel opment, (3) how con-
venient and easy it isto use, (4) how well it providesastrong
sense of permanence and identity and (5) what levels of
enforcement are required.

If BRT isadopted as the preferred solution, proposed cap-
ital improvements should be incorporated into thefinancially
constrained regional transportation plan and developed by
the metropolitan planning organization in cooperation with
local transportation agencies. More detailed engineering
and completion of required environmental documentation is
needed before federal funding becomes available and con-
struction can begin.

2-1.4.3. Prepare Recommended Plans

The recommended plans should clearly describe and detail
running way, station, vehicle, fare collection, and service
elements. Project plans should address the following:

* Vehicle requirements;

* Horizontal and vertical alignments;

* Geometric design features of running ways such ascross
sections, points of ingress/egress, and CBD distribution;

» Stationlocationsand typica designsthat show platforms,
shelters and structures, passenger amenities, pedestrian
access, bus transfer arrangements, and parking;

 Fare collection approach, equipment, and facilities;

e Traffic controlsand ITS applications;

* Bus operating plans including routing, service span,
types, and frequencies;

* Provisions for maintenance and enforcement;

* A staging plan;

* Refined cost estimates; and

* Opportunitiesfor transit-oriented devel opment at stations.

The resulting BRT plan should be developed as an inte-
grated system that adapts the various attributes of rail transit,

focuses on major markets, emphasizes speed and reliability,
takes advantage of incremental devel opment and established
complementary transit-first policies, and isdesigned to influ-
ence transit-oriented development. The BRT plan should
improve speed, reliability, and identity. The elimination or
reduction of critical system elements to cut costs should be
avoided.

2-2. DESIRABLE CONDITIONS FOR BRT

Rapid transit in general and BRT in particular work best
in urban areas characterized by (1) high employment and
population density, (2) an intensively developed downtown
area with limited street capacity and high all-day parking
costs, (3) along-term reliance on public transport, (4) high-
way capacity limitations on approachesto the city center, and
(5) major physical barriersthat limit road access to the CBD
and channel bus flows.

It is suggested that the following three conditions should
be in place when BRT is being considered: (1) the proposed
locationisalarge city with astrong CBD, an urbanized area,
or an activity center with dense patternsthat facilitate transit
use; (2) there are current total passenger flows that might
support high service frequencies that are characteristic of
rapid transit, and (3) thereisasufficient “ presence” of buses
where bus lanes or busways are being considered.

2-2.1. City Size and Downtown Intensity

The size of urban areas, the concentration of population
and activities in key corridors, and the strength of the CBD
have important bearing on the transit market in general and
BRT in particular. The case studies show that most BRT sys-
tems are found in urbanized areas of more than 750,000 peo-
ple and (in the United States and Canada) areas with down-
town employment that exceeds 75,000. These values are
remarkably consistent with the “pre-conditions’ for rail and
bus transit developed for North American cities in previous
studies (see Table 2-1).

Theremay, of course, be special situationsin smaller urban-
ized areas that make BRT desirable. Factors include major
physical and topographic restraints; large employment and
activity concentrations such as universities, hospitals, and
edge city centers; ready availability of relatively inexpensive
rights-of-way; new town or major sub-area developments;
and rapid urban growth. However, in general, BRT is essen-
tially alarge-city system in the United States and Canada.

2-2.2. Frequent All-Day Service

High service frequencies are essential to make BRT attract
riders. The minimum desired service frequencies for a BRT
lineare 8to 10 minutesduring peak periodsand 12 to 15 min-
utesduring off-peak periods, with aspan of servicesthrough-
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TABLE 2-1 General conditions conducive to urban rapid transit development—

design year
PRIMARY RAIL RAIL ORBUS | BUS(MINIMUM)
DETERMINANTS

Urban area population 2,000,000 1,000,000 750,000

Central city population* 700,000 500,000 400,000

Central city popul ation® 14,000 10,000 5,000

density, in people per square

mile

High-density corridor Extensive and Limited but Limited but defined

development clearly defined defined

CBD Function Regional Regional or sub- Regional or sub-
regional regional

CBD floor space, in square feet 50,000,000 25,000,000 20,000,000

CBD employment 100,000 70,000 50,000

Daily CBD destinations, per 300,000 150,000 100,000

square mile

Daily CBD destinations per 70,000 40,000 30,000

corridor

Peak-hour cordon person 75,000-100,000 50,000-70,000 35,000

movements |eaving the CBD

(four quadrants)

1 “Effective Central City”—central city and contiguously developed areas of comparable population density.
Source: Center City Transportation Project: Urban Transportation Concepts, 1970.

out the day (at least 16 hours). These service frequencies
translate into a daily ridership of at least 5,000. When BRT
operates on the same street as local service, the combined
daily ridership should be 10,000 or more. When routes con-
verge, overlap service should operate every 2 to 4 minutes
during the peak period and every 5 to 6 minutes at midday.

2-2.3. Bus Presence

Buses should denote a clear presence when bus lanes or
busways are provided. Ideally, there should be at least one
bus per traffic signal cycle using curb bus lanes to minimize
violations; thistransatesinto 40 to 60 buses per hour depend-
ing on the cyclelength. Similarly, bus-only roads should serve
an adequate number of buses to demonstrate utilization of
thefacilities (e.g., abusisalwaysvisible at all points aong
the facility).

2-3. OBJECTIVES AND PRINCIPLES

The following general principles should guide BRT plan-
ning and development.

1. BRT should be devel oped asa permanently integrated
system of facilities, services, and amenities. It should
improve bus speed, reliability, and identity.

2. The BRT system should adopt the key attributes of rail
transit to the maximumextent possible. These attributes
include segregated or priority running ways, attractive
stations (with off-vehicle fare collection wherever
practical); quiet, easily accessible, environmentally
friendly, low-floor, multidoor vehicles; ITS technolo-
gies; and fast, frequent service.

. BRT should be complemented by appropriate “ Tran-

sit First” policies. These include transit-oriented land
development, complementary downtown parking poli-
cies and adequate park-and-ride facilities at outlying
stations, and reservation (or acquisition) of rights-of-
way in developing or redeveloping areas. Similarly,
BRT should be used to stimulate transit-oriented land
use patterns.

. BRT lines should focus on major travel markets in

which ridership and benefits can be maximized. Radial
lines should link the city center with outlying popula
tion concentrations and provide extensive coverage of
downtown employment. Cross-town lines sometimes
may be appropriate when they serve“edgecities,” large
university campuses, magjor medical centers, or other
large attractors.

. BRT should be rapid. Service should operate on sep-

arate rights-of-way wherever possible and use wide,
free-flowing streets where dedicated rights-of-way are
unfeasible or inaccessibleto key transit markets. Street
running should be expedited by means of bus priority
treatment and transit-sensitive traffic controls, and
station stops should be limited (e.g., from % mile in
CBDsto no less than % mile in suburban areas).

. BRT systems should be capable of early action and

amenable to stage (incremental) development. Staging
may involve extending routes and running ways, pro-
viding BRT inadditional corridors, replacing street run-
ning with exclusive running ways (such asadowntown
bustunnel), and/or even ultimately converting busways
torail transit if warranted by ridership demands.

. BRT systems should be reasonable in terms of bene-

fits, costs, and impacts. The system should maximize
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benefits to the community, the urban travelers (espe-
cialy the trangit rider), and the transit agency. Invest-
ments should be balanced with present and likely future
ridership. The system should be designed to increase
transport capacities in heavily traveled corridors,
reduce travel timesfor riders, and minimize total per-
son delay in the corridors served. A basic goal should
be to maximize person flow with the minimum net
total person delay over thelong run. Implicit in achiev-
ing this objectiveisthe efficient alocation of corridor
road space.

8. Streets and corridors with existing long, heavily trav-
eled busroutesarelikely candidatesfor BRT. If at least
oneexisting local busroute doesnot have at least 6,000
to 8,000 daily trips on it, BRT may not be justified in
the short term. Often, BRT development will involve
restructuring existing bus routes to provide sufficient
service frequency along at least one BRT route.

9. Systemdesign and operations should enhancethe pres-
ence, permanence, and identity of thefacilitiesand ser-
vices. It must be more than merely operating express
service along abus lane or busway.

10. Each urban area has its own specific needs, opportu-
nities, and constraints that must be recognized. Thus,
BRT systems must be carefully customized in apply-
ing the various concepts and in obtaining public sup-
port and translating plans into operating systems.

11. BRT should have a consistent, appealing image. BRT
vehicles, stations, and marketing materials should con-
vey theimage of BRT asarapid, easy-to-use service.

2-4. SYSTEM CONCEPTS

BRT system configurations should reflect the travel needs,
opportunities, and geography of each urban area. System
configurations may range from asingle route to an integrated
system of routes. They may provide both line-haul and local
collection-distribution services. System configurations can
link the city center with outlying areas or serve as extensions
to rail transit lines. In each case, the BRT service should be
carefully coordinated with the available running ways and the
nature of transit markets.

Illustrative examples of these system types are shown in
Figures 2-1 and 2-2. The BRT routes operate limited stop
(or express) over most of the route—on busways, bus lanes,
or in mixed traffic with signal priorities. Busesthen make all
stops aong the outer portions of the route, where generally
they would operate in mixed traffic on arterial and/or collec-
tor streets.

Diagram 1 of Figure 2-1 shows the simplest system con-
cept, asingleradial route that links the city center with out-
lying areas along a single arterial with simple, all-stop ser-
vice. Asshown in diagram 2 of Figure 2-1, BRT service can
serve as an extension of arail rapid-transit line. (Examples
of this kind of service include the South Miami-Dade
Busway and the VenturaMetro Rapid linein Los Angeles.)
Diagram 3 of Figure 2-1 and Figure 2-2 show that the BRT
line can provide direct serviceto various off-guideway areas
(generally located along the outer perimeters of the line) as
long as the respective routes can meet minimum service cri-
teria. Asshownin diagram 4 of Figure 2-1, asystemof BRT
routes can operate over a series of busways or bus lanes,
thereby providing extensive coverage of the urban area.
Finally, Diagram 5 of Figure 2-1 shows that a “commuter
express’ BRT service can be provided using bus-only (or
high-occupancy) lanes along freeways. The service would
operate nonstop from park-and-ride lots over the express
lanesto the city center. Downtown distribution would be by
bus lanes on city streets (asin Houston) or by terminals (as
in New York City), with all-day, all-stop service also pro-
vided.
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CHAPTER 3
RUNNING WAYS

Running ways are a key element of BRT systems, around
which planning and design of the other components revolve
(see Figure 3-1). Running ways should alow rapid and reli-
able movement of buses with minimum traffic interference
and provide a clear sense of presence and permanence. The
basic goal of arunning way isto give BRT an operating envi-
ronment where buses are free from delays caused by other
vehicles and by certain regulations and to provide transit
riders with better, more reliable service. This chapter gives
general design considerations and specific planning and
design guidelinesfor principal types of running ways. Addi-
tional planning and design guidelines can befound in various
AASHTO, NCHRP, TCRP, and U.S. DOT publications (Bus
Rapid Transit Options, 1975; Fitzpatrick et al., 2001; Guide,
2001; Levinson et al., 1975; Parsons Brinckerhoff Quade &
Douglas, 2002; Texas Transportation Institute et al., 1998).

3-1. GENERAL CONSIDERATIONS

General considerations include the following: (1) estab-
lishing a BRT running way classification system, (2) defin-
ing planning guidelines, (3) identifying desired facility per-
formance, and (4) establishing key design parameters.

3-1.1. Classification Systems

The types of running ways for BRT service range from
mixed traffic operation to fully grade-separated busways.
They may be classified according to the degree of access con-
trol (traffic separation) or by type of facility. A suggested
classification scheme by extent of access control is shownin
Table 3-1. This system is similar conceptually to those used
for highways and rail transit lines. The five classes range
from full control of access such as grade-separated busways
(Typel) to operation in mixed traffic (Type V). Table 3-2, in
turn, groups running ways by busways, freeways, and arte-
rial streets; identifies the specific facilities associated with
each; and givesillustrative examples.

3-1.2. General Guidelines

The following guidelines should underlie running way
location and design:
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1. Running ways should serve three basic service com-

ponents—CBD distribution, line haul, and neighbor-
hood collection—in a coherent manner. Generally, a
variety of running way types will be used for each
component and be customized to specific needs. Bus-
ways or bus lanes will normally provide the line-haul
service; CBD distribution may be provided in on-
street bus lanes and off-street in bus tunnels, as well
as on bus malls or through off-street terminals. Resi-
dential distribution may be via bus lanes or in mixed
traffic. A dedicated BRT corridor may consist of a
number of segments, each with a different running
way treatment. Examples of combinations of BRT
running ways are shown in Figures 3-2, 3-3, and 3-4:

* Figure 3-2 shows a basic BRT route that includes
operations in mixed traffic flow, dual curb bus
lanes, and a park-and-ride lot at the end of the line.

* Figure 3-3 shows a comprehensive BRT system
that includes running ways along freeways, arteria
streets, and in separate rights-of-way. It also includes
a short downtown bus tunnel that gives busways a
traffic-free route through the city center.

* Figure 3-4 shows how various BRT running ways
can be coordinated and staged in the central area of
alarge city. The god is to provide through routes
that use bus lanes and bus streets, initially, and to
incorporate a bus tunnel later, when demand and
service levels warrant it.

. Running ways should serve major travel markets, and

they should penetrate these marketswhenever possible.

. Running ways generally should be radial, connecting

the city center with outlying residential and commer-
cial areas. Cross-town running ways may be appro-
priate in large cities where they connect multiple trip
attractors and residential concentrations and have fre-
guent interchanging bus lines. Alignments should be
direct, and the number of turns should be minimized.

. BRT is best achieved by providing exclusive grade-

separated rights-of-way to serve major markets. Such
rights-of-way, however, may be difficult to obtain,
costly to develop, and not always located in areas of
the best ridership potential. Therefore, street running
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ways or exclusive running ways with at-grade inter-
sections may be essential.

. Effective downtown passenger distribution facilities

areessential in providing direct BRT service to down-
town trip origins and destinations. Downtown distrib-
ution should maintain service dependability, minimize
time losses resulting from genera traffic delays, and
provide efficient pedestrian access and egress.

. BRT running ways should follow streets that arerela-

tively free flowing wherever possible. Speed and relia-
bility should be enhanced by transit-sensitive traffic
engineering, provision of bus-only lanes, and, in some
cases, mgjor street improvements.

. Special running ways (busways, bus lanes, and queue

bypasses) should be provided. This should happen
when there is (1) extensive street congestion, (2) a
sufficient number of buses, (3) suitable street geome-
try, and (4) community willingness to support public
transport, reallocate road space as needed, and enforce
regulations.

. Preferential treatments for buses may be provided

around specific bottlenecks or along an entire route.
Queue bypasses are very effective on approaches to
water crossings, at major intersections, or at other traf-
fic bottlenecks with extensive peak-hour congestion.

TABLE 3-1 Running ways classified by extent of

access control
Class Access Control Facility Type
| Uninterrupted Flow—Full Bus Tunnel

Control of Access Grade-Separated Busway

Reserved Freeway Lanes

Partial Control of Access At-Grade Busway

Physically Separated Lanes
Within Street Rights-of-Way

Arterial Median
Busway, Bus Streets

\Y Exclusive/ Semi-Exclusive Concurrent and
Lanes Contra Flow Bus Lanes
V Mixed Traffic Operations

10.

11.

12.

13.

14.

15.

16.

Treatments that extend longer distances along BRT
routes are desirable.

. Running ways should maximize the person flow along a

roadway with minimumnet total person delay over time.
There should be anet overall savingsfor all modesin
terms of travel time per person. Where road space is
allocated to BRT, the person minutes saved should be
more than the person minutes lost by people in auto-
mobiles. The number of persons traveling per hour in
BRT should exceed the number of personstraveling per
hour in any of the adjacent general purposelaneswithin
a 3- to 5-year period after the laneis placed in service.
An exclusive bus lane should carry significantly more
peoplethan an adjoining general traffic lane used dur-
ing the peak travel periods. The number of bus riders
in an exclusive bus lane should exceed the number of
automobile occupants using adjacent lanes.

Buses should be able to enter and |eave running ways
safely and conveniently. Conflicts with other traffic
should be avoided and, when necessary, carefully
controlled. Thisisespecially important in developing
median and contraflow lanes and busways along arte-
ria streetsand within freeway corridors. There should
be suitable provisionsfor passing stopped or disabled
buses.

Running ways should provide a strong sense of iden-
tity for BRT. Thisis especially important when buses
operate in bus lanes or in arterial median busways.
Using specia colors in paving the lanes (e.g., green,
yellow, or red) or using specialized materials that
differentiate the bus lanes from general traffic lanes
isdesirable.

Adequate signing, markings, and traffic signal con-
trols are essential. They are especially important
at entry and exit points of arterial contra flow bus
lanes and median busways, bus-only streets, bus-
ways, and reserved freeway lanes.

Buslanes and queue bypasses may be provided along
both one-way and two-way streets. Concurrent flow
bus lanes should generally allow at least two adjacent
general traffic lanes in the same directions of travel.
Contra flow lanes should alow at least two traffic
lanes in the opposite direction of travel. Median arte-
rial busways should allow at least one travel lane and
one parking lane in each direction. In restrictive situ-
ations, there should be at least one through and one
|eft-turn lane each way on two-way streets.

Running way designs should be consistent with estab-
lished national, state, and local standards. Although
subject to uniquelocal roadway conditionsand demand,
generally, the stops and stations should be accessible
for al likely users and should permit safe bus, traffic,
and pedestrian movement.

Running way designs may allow possible future con-
version to rail transit without disrupting BRT opera-
tions. Service during the construction period is desir-
ablefor median arterial busways, busways on separate
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TABLE 3-2 Examplesof varioustypes of running ways

Facility Type Access | Examples
Class
Busways
Bus Tunnel Boston, Seattle
Grade-Separated Runway Ottawa, Pittsburgh
At-Grade Busway Miami, Hartford
Freeway L anes
Concurrent Flow Lanes Ottawa
Contra Flow Lanes New Jersey Approach to Lincoln Tunnel
Bus-Only or Priority Ramps Los Angeles
Arterial Streets
Median Arterial Busway 3 Curitiba, Vancouver
Curb Bus Lanes 4 Rouen, Vancouver
Dual Curb Lanes 4 Madison Avenue, NewY ork City*
Interior Bus Lane 4 Boston
Median Bus Lane 4 Cleveland
Contra Flow Bus Lane 4 Los Angeles, Pittsburgh
Bus-Only Street 4 Portland"
Mixed Traffic Flow 5 Los Angeles
Queue Bypass 5 Leeds, Vancouver

1Regular bus operations.

rights-of-way, and buswayswithin freeway envelopes,
with specia attention paid to width-constrained areas
and stations.

Running ways can be shared by BRT and LRT whenthey
aredesigned to accommodate both transit typesinterms
of cross section, curves, grades, and vertical clearance.
Stations should be able to serve both kinds of vehicles,
speeds should be less than 35 miles per hour, and the
two services should not conflict with one another.

17.

3-1.3. Performance, Costs, and Capacities

The performance and costs of BRT are related closely to
whether the running way islocated on city streets or on sep-
arate (usually grade-separated) rights-of-way. As shown in

Curb bus lanes
Parking Restricted

[Pl

5 Miles

Table 3-3, off-street busways generaly provide twice the
speed of on-street operations, but they cost more than twice as
much. Operations on reserved freeway lanes can provide
high speeds at modest costs, but they may make intermedi-
ate stations difficult and lose the “identity” associated with
other types of running ways.

3-1.3.1. Travel Time Savings

Buslanesand buswaysreducetravel timesin general about
1.5 to 2 minutes per mile. Actual time savings are greatest
when the previous speeds were the slowest (Figure 3-5).

Busdelays are normally associated with passenger stops,
traffic signal delays, and traffic congestion. Figure 3-6
illustrates the use of buslanesto reduce bus delays. Further

Mixed Traffic
with signal priorities
No parking in peak hours

| 5 Miles |

Park-and-Ride
Lot

*schematic - not to scale

Figure 3-2.

[llustrative BRT running ways using curb bus lanes and mixed flow.
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TABLE 3-3 Running way costs and speeds

Item Busway Arterial Street
(Grade-Separ ated) M edian Busway/Bus L anes
Typica Construction Costs
(Millions per mile) $6-20 $1-10
Typical Speeds 25-40 12-20
(Miles per hour)

Source: Adapted from Levinson et al., 2003.

time savings would result if passenger boarding and alight-
ing times are reduced (e.g., through use of low floors, multi-
plewide doors, and off-board fare collection), and traffic sig-
nal priorities are introduced.

3-1.3.2. Capacities

The number of buses and passengers that can be carried
along a BRT route depends on the type of running way, the
design of stations and stops, the size, height, and arrangement
of busdoors, thefare collection methods, the concentration of
boardings at critical stops, and operating practices (see
Appendix A for further details). The capacitiesassociated with
particular kinds of running ways are the following:

* Where buses operate nonstop a ong freeways, have well-
designed entry and exit points, and have adequately sized
terminals, flows of 750 to 800 buses per lane per hour can
be safely accommodated.

* Busways with on-line stops and passing lanes at sta-
tions can carry over 200 buses per hour each way, pro-
vided that thereis adeguate capacity in downtown areas
for buses.

* The South American experience indicates that median
arterial busways with on-line stops and passing lanes at
stops can carry over 200 buses per hour.

* Dual bus lanes on downtown streets carry 150 to 200
buses per hour total. Similar volumes can be carried in
a single lane with more frequent stops if there is off-
board fare collection, noncash fares, and multidoor
boarding.

* Curbbuslaneson city streetstypically can accommodate
amaximum of 90 to 120 buses per hour.

3-1.4. Bus Design Parameters

Running way planning and design should reflect the char-
acteristics and capabilities of buses currently in operation
and those planned for BRT service. Figure 3-7 shows an
example of atypical 60-foot articulated bus that would gov-
ern BRT running way design. Additional examplesof design
vehicles can be found in NCHRP Report 414: HOV Systems
Manual (Texas Transportation Institute et al., 1998) pub-
lished by the Transportation Research Board (see Chapter 6
for a further discussion of BRT vehicles). Tables 3-4 and
3-5 provide select design and performance characteristics,
respectively. Further details are contained in Appendix C.
These exhibits suggest the following general guidelines:

1. Length and Height. The design single-unit busis 40 feet
long, and the design articulated busis 60 feet long (the
dual articulated buses in use in South America have a
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Figure3-5. Typical time savings—bus ramp transit options.
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TABLE 3-4 Busdesign characteristics

VEHICLE DIMENSIONS 40-FT 45-FT 60-FT
(All measurementsin feet, unless REGULAR BUS REGULAR BUS ARTICULATED BUS
otherwise noted)
Length 40 45 60
Width without Mirror 85® 85® 85®
Height (to top of air conditioning) for 9.8-11.19 12.5© 11.09
Design
Overhang
Front 6.9-8.0 ft 7.9 8.8-8.9
Rear 7.5-9.5ft 9.8 8.6-9.7
Wheel Base—Rear 23.3-24.9 22.9 23.3-24.5
Driver's Eye Height 7@ 7@ 7@
Weight (Ibs)
Curb Weight 27,000-28,200 38,150 38,000
Gross Weight 36,900—-40,000 55,200 66,600
Entrance Steps from Ground 15 15 15
Ground to Floor Height 2.3 2.3 2.3
Passenger Capacity
Seats 45-50 50 76
Standees (crush load) 20 28 38
Turning Radius
Inside 24.5-30 27.3
Outside 42.0-47 39.8-42.0
Outside with Overhang 45.5-51 44.3
Number of Doors 2 2 2
Width of Each Door 2.3-5.0 2.5-5.0 2.5-5.0
Angles (degrees)
Approach 10 10 10
Breakover 10 10 10
Departure 9.5 9.5 9.5
NorTEs:
@ Used 5 feet for design.

® Wwith mirrors envelope becomes 10 to 10.5 feet.
(9 Used 13 feet as minimum governing design clearance.
Sources: A Palicy on Geometric Design, 2001; Design Criteria, 2002; Fuhs, C., 1990; Levinson, et a., 1975.

design length of 80 feet). Buses are generally 11 feet
high; aminimum vertical design envelope of 13 feetis
suggested, which typically translates into 14 feet and
6 inches of vertical clearance to allow for pavement
resurfacing. Where LRT operates, the vertical clear-
ance should be a minimum of 16 feet under structures
and 18 feet at street intersections.

. Width. Buses are 8 feet and 6 inches wide. However,
when mirrorsare added for both sides, the bus envel ope
becomes10to 10.5feet. Therefore, 11 feet issuggested
as the minimum lane width. Wider bus lanes are desir-

able for areas with higher design speeds. If the mirror-
to-mirror envelope on 102-inch buses can be the same
as that for 96-inch buses, 10-foot lanes could be used
when space is constrained and speeds are low.

. Eye Height. An eye height of 5 feet should be used in

roadway design, although the driver's eye height on
most buses is approximately 7 feet. This allows a fac-
tor of safety for potential new equipment and for pos-
sible use of bus lanes and busways by other public
transportation vehicles (e.g., minibuses, paratransit vans,
or maintenance vehicles).

. Turning Radius. The minimum outside turning radius

of the front overhang of an articulated bus has been

TABLE 3-5 Bus performance characteristics reported to be about 45 feet. A dightly larger radius

Ttem (e.g., 50 to 55 feet) should be used for design purposes.
Maximum Attainable Speed (mph) 50-70 5. Acceleration and Deceleration. Normal bus accelera-
Acceleration (mphy/sec) tion of 1.5 miles per hour per second and normal decel-
0-10 mph 3.33 eration of 2.0 miles per hour per second should be
10-30 mph 2.22 . . .
3050 mph 0.05 assumed. Maxi mum deceleration in emergencies should
Deceleration (mph/sec) not exceed 5 to 6 miles per hour per second when there
Normal 2-3 are standing passengers. These rates reflect the perfor-
Maximum 6-2 mance capabilities of most urban transit buses and permit
Maximum Grade (%) 10% buses to accelerate to 30 miles per hour in 20 seconds.
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3-2. ON-STREET RUNNING WAYS

On-street BRT running ways can provide downtown and
residential distribution. They can serve corridors where mar-
ket factors, costs, or right-of-way availability preclude pro-
viding busways (or reserved freeway lanes). They also may
serve as thefirst stage of future off-street BRT development
and to establish ridership during the interim. Running ways
vary in (1) whether they provide special facilities for buses;
(2) how they place bus lanes (curb or median); (3) direc-
tion of flow (concurrent or contra); (4) mix of traffic (buses
only, busesand taxis, and buses and goods delivery vehicles);
and (5) traffic controls (parking, turn controls, loading, and
signalization).

Running waysinclude (1) operationin mixed traffic, (2) con-
current flow bus lanes, (3) concurrent “interior” bus lanes,
(4) contraflow buslanes, (5) median bus lanes, and (6) arte-
rial median busways. Running ways are alogical component
of traffic management strategiesthat specialize street use and
give preference to public transport.

The reasons for giving buses priority on streets and high-
ways are (1) maximizing total person-carrying capacity of
the street or highway, (2) minimizing net total all-mode per-
sondelay, (3) helping protect public investmentsin transit by
maintaining servicereliability and high speeds, and (4) favor-
ing public transport for environmental preferences.

3-2.1. General Guidelines

The following factors should be considered in achieving
effective BRT use of city streets and suburban roads:

1. General traffic improvements and road geometric
design should be coordinated with BRT service to
improve the overall efficiency of street use. Typical
improvementsinclude prohibiting curb parking, adding
turning lanes, prohibiting turns, modifying traffic sig-
nal timing, and providing queue bypasses for buses.

2. Curb parking generally should be prohibited before
(curb) bus lanes are established, at least during peak
hours. The prohibition (1) makes it possible to pro-
vide a bus lane without reducing street capacity for
other traffic, (2) reduces delays and marginal frictions
resulting from parking maneuvers, and (3) gives buses
easier accessto stops. (When prohibiting curb parking
is not practical, the bus lane should be provided in
the lane adjacent to the parking lane.) Bus lanes off-
set from the curb can provide benefitswithout parking
and accessrestrictions. The trade-off is potential con-
flicts between parkers and buses.

3. Bus routes should be restructured as necessary to
make effective use of bus lanes and bus streets. When
BRT vehicles exceed 40 buses per hour, they should
have exclusive use of the running way lane. When ser-
vice is less frequent, it may be desirable to operate
local buses on the samefacility. However, this should

10.

11

12.

13.

not create bus-bus congestion or create passenger
inconvenience. Peak-hour one-way busvolumes rang-
ing from 60 to about 75 buseswill help “enforce” bus
lanes without excessive bunching of buses.

Bus priority treatments should reduce both the mean
and variability of average journey times. A 10to 15%
decrease in bus running time is a desirable objective
for bus lanes.

Extended buslanesare necessary to enable BRT sched-
ule speeds to achieve significant time savings, better
service, reliability, and increased ridership. A savings
of 1 minute per mile (equivalent to raising bus speeds
from 10 to 12 miles per hour) could produce a 5- to
6-minute time savings if achieved over the entire
length of atypical 5-milebusjourney. Additional sav-
ings could result from traffic signal priorities. Time
savings can tranglate into higher ridership/revenue and
lower costs.

Emergency vehicles, policecars, fire equipment, ambu-
lances, and tour buses should be allowed to use bus
lanes and bus streets.

Design and operation of buslanes must accommodate
the service requirements of adjacent land uses. Deliv-
eries should be prohibited from bus lanes during the
hours that the lanes operate. They can be provided
from the opposite side of the street, from side streets,
or, ideally, from off-street facilities. Accommodating
deliveries is especialy important when contra flow
lanes are provided.

Accesstomajor parking garages should be maintained.
This may require limited local automobile circulation
in the block adjacent to garages.

Taxi loading areas should be removed from buslanes
where they would interfere. On one-way streets the
taxi loading areas should be placed on the opposite
side of the street.

Pedestrian access to bus stops and stations should be
convenient and safe. Curbside stops should allow suf-
ficient space for waiting passengers, passing pedestri-
ans, and amenities. Crosswalks to reach median bus
lanes and busways should be placed at signalized
locations with pedestrian cycles and be designed to
discourage errant crossings.

Running way design should reflect available street
widths and traffic requirements. Ideally, bus lanes
should be provided without reducing thelanes available
to through traffic in the heavy direction of flow. This
may entail eliminating parking or reducing lane widths
to provide additional travel lanes, eliminating left-turn
lanes, and/or providing reversible lane operation.
When buses preempt moving traffic lanes, the number
of lanestaken should be kept to a minimum. The excep-
tioniswhen parallel streets can accommodate the dis-
placed traffic.

Buslanes and streets should provide a strong sense of
identity. When buses have exclusive use of thelane, a



strong sense of identity can be achieved by using col-
ored pavement, unique paving materials, signals, and
pavement markings in various combinations. Such
treatments are especially important for curb bus lanes
whenever the lanes operate at all times.

14. Effective enforcement and maintenance of buslanesand
bus streets is essential. Fines for unauthorized vehicles
should be high enough to discourageillegal use.

15. BRT bus lanes (and streets) should operate all day
wherever possible. This will give passengers a clear
sense of bus-lane identity and permit use of specially
colored pavements.

16. Far-side bus stops generally should be provided. They
are essential when there are traffic signal priorities for
buses, aswell as dong median arterial busways where
left-turn lanes are located near-side and wherethere are
gueue jumpers. Far-side bus stops are desirable when
curb lanes are used by moving traffic and at locations
with heavy right-turn traffic.

17. Reserving lanes and/or bus streets for buses must be
perceived as reasonable by users, public agencies,
and the general public.

Concurrent flow bus lanes should be at least 11 feet wide
for 8.5-foot-wide buses; 12- to 13-foot-wide bus lanes are
desirable. Contra flow bus lanes should be at least several
feet wider in areas of heavy pedestrian flow to provide a
cushion between the bus lanes and opposing traffic and to let
buses pass around errant pedestriansin the lanes. Bus streets
and median arterial busways should be at least 22 feet wide.

Median bus lanes need physical separation from general
traffic for maximum effectiveness and enforceability. There-
fore, physically separated median arterial busways are desir-
able. Passenger loading and unloading islands at stops should
meet Americans with Disability Act (ADA) requirements.
Roadways should be at least 75 to 80 feet wide, and it is
preferable that they are wider.

3-2.2. Mixed Traffic Operations

BRT may operate in mixed traffic flow when physical,
traffic-environmental conditions preclude busways or bus
lanes, when streets and roads flow freely on “branch” BRT
lines, and in residential collection. Advantages include low
costs and fast implementation. However, such operations can
limit bus speeds, service reliability, and route identity and
should be used sparingly in trunk-line BRT service. Exam-
ples include the Wilshire-Whittier and Ventura Boulevard
Metro Rapid servicesin Los Angeles.

Buseswill usually benefit from street and traffic improve-
ments that reduce overall delay. The range of transit-related
traffic improvements includes the following: grade separa-
tionsto bypassdelay points, street extensionsto improvetraf-
fic distribution or to provide bus routing continuity, traffic
signal improvements such as system coordination and bus pri-
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orities or preemptions; intersection channelization improve-
ments, turn control s that exempt buses, bus stop lengthening
or relocation, longer curb radii and corner rounding, effec-
tive enforcement and extension of curb parking regulations
(especially during peak periods), and improved spacing and
design of bus stops.

It is generally better to operate busesin both directions on
the same street from a standpoint of service clarity and iden-
tity. However, one-way traffic flow generally improvestravel
speeds and safety and may be essential in central areas.

3-2.2.1. BusBulbs

A bus bulb, a section of sidewalk that extends from the
curb of aparking lane to the edge of an intersection or offset
through lane, may have several advantages for BRT opera-
tions. These advantagesinclude (1) creating additional space
for pedestrian amenities at stops, (2) reducing street crossing
distances for pedestrians, (3) eliminating lateral changes of
buses to enter and leave stops, (4) eliminating delays associ-
ated with buses reentering a traffic stream, and (5) segregat-
ing waiting bus passengers from circulating pedestrian flow
along the sidewalk. However, bus bulbs may also produce
traffic queues behind stopped buses that can cause drivers
to make unsafe maneuvers when changing lanes to avoid a
stopped bus. Bus bulbs may also preclude adding capacity
for moving traffic, and they may cost more than conventional
bus stops because of street drainage requirements.

Supporting conditions for bus bulbs include (1) frequent
bus service, (2) high passenger boardings and alightings,
(3) sidewalks, (4) low traffic operating speeds, (5) two travel
lanes each way to facilitate passing of stopped buses, and
(6) difficult bus reentry into the traffic stream (Fitzpatrick
et al., 2001). They also can be used when interior lanesrather
than curb bus lanes are provided.

Typical designs for bus bulbs are shown in Figures 3-8a
and 3-8b. The “bus bulbs” should be 6 feet wide, leaving a
2-foot offset between the bulb and the edge of thetravel lane.
Bus bulbs should be long enough to accommodate all doors
on buses. Bus stops that are 140 feet long can accommodate
two articulated buses. The “transitions’ to the existing curbs
should be about 15 to 20 feet long and consist of two-reverse
CUrves.

3-2.2.2. Queue Bypasses

Queue bypasses (queue jumpers) may be used at signalized
locations or other locations (e.g., at a narrow underpass or
bridge) where traffic backs up during peak hours. The queue
bypass could be shared with right turns; however, when right
turnsare heavy and/or operate when through traffic is stopped,
separate right-turn and queue bypass|anes should be provided.
Adeguate distance should be provided on the far side of the
intersection to enable easy reentry of buses. Bus stops should
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Figure 3-8a. Bus bulbs with near-side stops.

be removed from the intersection. An “advance green” for
buses could be provided when actuated by buses. The queue
bypass should be distinctively identified by special pave-
ment delineation. Queue bypasses should be used sparingly
because they must be constantly enforced. Figure 3-9 shows
typical queue bypass concepts; further details are contained
in Chapter 4.

3-2.3. Concurrent Flow Curb Bus Lanes

Concurrent flow buslanes have been the most common type
of bus priority treatment and can expedite BRT flow. Tradi-
tionally, they have been used to facilitate bus movements in
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CBDs by segregating buses from other traffic; however, they
are also used dong outlying arterials.

3-2.3.1. Design Features

Concurrent flow bus lanes can operate at all times or just
during peak hours. On one-way and two-way streets, an 11-
to 13-foot bus lane should be provided along the curb (see
Figure 3-10). However, when street width permits and there
are high demands for curb access, a 20-foot-wide curb bus
lane should be provided to enable buses to pass loading and
unloading carsand trucks. (Thisarrangement isused in down-
town San Francisco.)
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Figure 3-8b. Busbulb with far-side stops.

When street width and circulation patterns permit and
peak bus volumes exceed 90 to 100 buses per hour, dual bus
lanes should be considered. This arrangement is used along
Madison Avenue in midtown Manhattan. It enables buses to
pass each other safely, makes express stops and skip stops
feasible and reduces the magnitude and variance of bustravel
times. However, dual lanes preclude right turns by genera
traffic. When BRT and local buses use the same street and
space permits, it may bedesirableto provideturnoutsfor loca
bus stops.

Curb lanes can be separated by solid white lane lines, by
paving material with a different color or texture, or some-
times by raised curbs. Thelines should be broken whereright
turns are permitted. Photo 3-A shows an example of a run-
ning way for the Boston Silver Line.

Every effort should be made to eliminate turning move-
ments that would impede bus service. Idealy, right turns
should be prohibited when there are more than 300 pedestri-
ans per hour in the conflicting crosswalk (see Chapter 4). Left
turns by general traffic should be prohibited on four-lane
streets unless special turn lanes are provided.

311

Length of Bulb
40' - 50' per regular bus
60' - 70' per articulated bus

Provide Bus Shelter with
amenities at each.

No Parking at least
30 ft. from intersection.

)

3-2.3.2. Assessment

Concurrent flow curb buslanes arethe easiest to implement
and have the lowest installation costs because they normally
involveonly pavement markingsand street signs. They occupy
less street space than most other types of buslanes. Although
these lanes are commonly used only during peak hours, they
should operate throughout the day along BRT routes.

Concurrent flow curb bus lanes are usually least effective
in terms of image afforded and travel time saved. They are
difficult to enforce and may impact curb access. Another dis-
advantage is that right turns, when permitted, may conflict
with bus flow.

3-2.4. Contra Flow Curb Bus Lanes

Contra flow bus lanes enable buses to operate opposite to
the normal traffic flow on one-way streets. They may be used
for asingleblock ontwo-way streetsto enable busesto reverse
direction. They are used for distribution of busway and BRT
vehiclesin downtown Los Angeles and Pittsburgh. Thelanes



3-12

1. Typical Condition

Recovery Lane

Vs

Queue Bypass

Buses and Right Turns
extend beyond limits
of queue.

2. Special Condition - Northbound Left Turn
and Eastbound Right Turn on special phase

JJ«J«‘»

vijart

{

Ji Ly

«
«
E
>
>

Queue Bypass

for buses Barrier

Right Turn Lane
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normally require one-way street systems with reasonable
spacing between signalized intersections, generally 500 feet
or more. They usually operate at all times.

3-2.4.1. Design Features

Typical contraflow lane designsare shownin Figure 3-11.
Contraflow buslanes should be at least 12 feet wide. How-
ever, al3- to 15-foot-widelaneisdesirableto | et buses pass
around pedestrians who step off the curb. Left turnsin the
opposing direction of travel should be prohibited unless
protected storage lanes and special traffic signal phases are
provided. Loading of goods should be prohibited from the
lanes at all times unless special spaceis provided for midday
loading.

Contra flow lanes may be provided in the interior lane
offset one lane from the curb in places where delivery and
service vehicles must use the curb lane. This improves the
ability to provide access to adjacent properties and improves
pedestrian safety, although it requires an extra lane of road
space. Such a treatment was installed on Sansome Street in
downtown San Francisco in 1997.

Because pedestrians will be conditioned by the appear-
ance of one-way traffic operation, precautionary measuresare
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necessary to reduce the probability of accidents, especially
when the lanes arefirst installed. Accordingly, specia signs
may be needed at major pedestrian crossings. Buses should
operate with their headlights on at all times so they can be
seen more easily by pedestrians. This method of operationis
used along Spring Street in Los Angeles.

Pedestrian safety can be improved by (1) strict enforce-
ment of “jay-walking” ordinances, (2) signage and marking
that warns pedestriansto “look bothways’ at designated cross-
walks, (3) special visual or audible warning devicesinstalled
on contra flow lane buses, and (4) a special yellow stripe 1
to 2 feet wide with “bumps’ for pedestrians who are sight
impaired and a warning message painted on the sidewalk
adjacent to the curb.

3-2.4.2. Assessment

Contraflow lanesretain existing bus routes when new one-
way street patterns are instituted, allow new bus service on
existing one-way streets, utilize available street capacity in
the off-peak direction of flow, and permit passenger loading
on both sides of one-way streets, thereby increasing curbside
bus loading capacity. Buses are removed from other traffic
flows and are not affected by peak-hour queues at signalized
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Figure 3-10. Concurrent flow curb bus lanes for two-way streets.

intersections. The lanes provide a high degree of bus service
reliability and identity.

Contra flow lanes can allow direct bus routings with sav-
ingsin bus miles, hours, and operating costs. They are“ self-
enforcing” becausethe presence of violatorsiseasily detected.
Although they can be used dong radial arteria street couplets,
buses would operate counter to the established traffic signal
progression, and this could limit BRT speeds.

Contraflow lanes have amixed accident history. When the
lanes operate on a street that previously was two way, total

Photo 3-A. Curb buslane, Slver Line, Boston.

accidents drop. When the lanes operate on a street that pre-
viously was one way, an increase may occur, especialy ini-
tially. The predominant cause of accidentsistheinability of
crossing pedestrians to recognize a street’s “wrong way”
operation. These individuals may scan for traffic in the gen-
eral traffic direction when crossing and fail to look for con-
tra flow bus traffic. These perceptual deficiencies occur
because the design of contra flow facilities violates basic
driver and pedestrian expectancy.

From a BRT perspective, the lanes have several dis-
advantages: (1) they disperse buses onto two different streets,
thereby detracting from BRT identity; (2) passing stopped
or disabled buses is difficult unless dual bus lanes are pro-
vided; and (3) buses run “against” the traffic signal progres-
sion, athough this can be partially offset.

3-2.5. Concurrent Flow—Interior Bus Lanes

There are Situations where curb parking must beretained. In
these cases, concurrent flow interior BRT lanes can be provided
adjacent to the parking lane on both one-way and two-way
streets. Examples of such lanes are found in downtown Ottawa
and along Washington Street in Boston, where they serve the
Silver Line BRT. Photo 3-B illustrates the part of Boston's
Silver Line running way where curb parking is retained.
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Figure3-11. Contra flow buslane designs.

3-2.5.1. Design Features

Concurrent flow interior lanes should be at least 11 feet
wide and be clearly delineated by pavement markings, tex-
ture and/or color. Figure 3-12 gives a rendering of interior
bus lanes on amultilane street. It is desirable to provide left-
turn lanes wherever space permits; thisresultsin aminimum
cross section of about 60 feet (without left-turn lanes) and a
cross section of 70 feet when turn lanes are provided. The bus
lanes can be delineated by specia pavement colors. Effective

Photo 3-B.

Interior buslane, Slver Line, Boston.
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enforcement isessential becausethelanes—unlike contraflow
lanes—are not self-enforcing.

3-2.5.2. Assessment

Interior bus lanes remove buses from curb lane conflicts
with oftenillegally parked vehicles, provide for unrestricted
accessto adjacent properties, and do not affect | eft-turn access.
Right turns can be permitted from the buslane or providedin
the curb lane by prohibiting curb parking on the intersection
approach. Bus bulbs can be provided on the far side of inter-
sectionsfor stopsand stations. The downside of interior lanes
isthat if parking is permitted (e.g., in the off-peak period),
there may be conflicts with parking and/or idling cars.

3-2.6. Median Bus Lanes and Median
Arterial Busways

BRT can operatein the center of streetsin median buslanes
or median arterial busways. Median lanes may be delineated
by painted linesfor exclusive bus use. Although median arte-
rial busways are physically segregated from adjacent street
traffic lanes, the running ways are sometimes used by street-
cars and LRT. It can be a challenge to provide pedestrian
access to stations and deal with left turns, whether they are
used by BRT, streetcars, or LRT. Both median buslanesand
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Figure3-12. Interior buslanes.

median arterial busways can provide attractive running ways
and stations.

The median bus lanes have continuous access, making
enforcement difficult, but providing routes around disabled
buses (e.g., back into mixed traffic). Segregated median arte-
rial busways are easier to enforce and provide a clear sense
of identity. Both facilities superimpose at least three- to four-
lane-wide envelopes, including platforms at on-line stations
and off-line on the available street space. When passing
lanesfor buses are provided—asin South American cities—
additional street space is required. Photo 3-C illustrates the
passing capabilities of the running ways used in the Bogota
TransMilenio system. The actual street envelope (curb-to-
curb width) dependson (1) how many lanes must be reserved
for general traffic on each side of the busway and (2) whether
left turns can be prohibited at stations.

3-2.6.1. Background and Examples

Perhapsthefirst median buslanein the United States oper-
ated along Washington Street in downtown Chicago fromthe
early 1950sto the mid-1970s. Canal Street, in New Orleans,

isthe best example of amedian arterial busway. The “neutral
ground” on this 140-foot-wide street was converted from
streetcar to bus-only operation in 1966, although streetcar
serviceis scheduled to resume in 2004.

A section of Number Three Road in Richmond, British
Columbia (a Vancouver suburb), has an arterial median bus-
way (see Photo 3D). Cleveland is planning median bus lanes
on Euclid Avenue (with an approximately 100-foot right-of-
way) that will be separated from genera traffic flow by a
1-foot rumble strip. Examples of median running ways are
illustrated in Photo 3-E (the Rouen system) and Photo 3-C
(median running wayson the TransMilenio systemin Bogotd).

3-2.6.2. Operations

Median arterial busways for BRT should have two-way
operation. Reversible one-way lanes along two-way streets
can be used in situations in which bus service is provided
“inbound” in the am. peak and “outbound” in the p.m. peak
(e.g., to/from Montreal’s “Pie | X" metro station), but these
are unlikely situations for most BRT applications. The bus
lanes should be used only by BRT vehicles, with local buses
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Photo 3-C. Median arterial busway, Bogota.

using the outside roadways. However, when the total peak-
hour, one-way bus volumes are less than 20 buses, both |ocal
and BRT service can use the lanes.

3-2.6.3. Design Envelopes

The curb-to-curb width at stations should be based on the
parameters listed below.

Curb Access Lanes 8 feet each

Travel Lanes 10to 12 feet each
Barriers 2 to 4 feet minimum
Left-Turn Lanes 10 feet

Two-Lane Busway 22 t0 24 feet

Station Platform (side)  8to 10 feet

Minimum curb-to-curb widths for typical design condi-
tions are given in Table 3-6. They assume far-side bus stops
offset on either side of intersections and near-side left-turn
laneswhere provided. Thelower valuesgivethe absolute min-

Photo 3-D. Median arterial busway, Vancouver.

Photo 3-E.  Median running way, Rouen, France, TEOR
system.

imum width, and the higher values give the desirable mini-
mum. Total curb-to-curb street widths generally range from
75t0 90 feet. In most situations, a 100-foot total width isdesir-
able to provide wider lanes and/or space for landscaping.
Guidelinesfor the design of buslanes are asfollows:

1. A single-curb traffic lane without any provision for
access should be provided for only one or two blocks
when road space is seriously constrained.

2. ldeally, left turns should be prohibited in station areas
and provided elsewhere.

3. Left turnsfrom genera traffic lanes should be discour-
aged. When provided, they should be signal-controlled
with special phases.

4. The“midblock” space within the busway, on each side
of the median busway between the BRT running ways,
could be devoted to bus passing lanes or parking.

3-2.6.4. Design Features

The design of median arterial busways should be keyed
to the available total curb-to-curb street width and the need
for left turns and curb access. Figure 3-13 gives a conceptual
design for awide arterial boulevard that provides these func-
tions. It also identifies desired treatment for turn lanesand bus
stops, signal controls, pedestrian access, “escape’ lanes, and
cross-street closures. The following features are illustrated:

1. Buses may join the general traffic flow at busway ter-
minal points; however, special signal controls will be
needed where buses turn right or left.

2. Intermediate right-turn entry and exit pointsto and from
the outer roadway can be provided viadip rampswhere
space permits.

3. Right-turn exits from the busway viaslip ramps should
be located a sufficient distance from downstream traffic
signalsto enable busesto safely merge and weave across
the roadway to enter the outermost lane.
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TABLE 3-6 Minimal roadway envelopes for median arterial busways (curb to curb)
L eft Turns Prohibited

Design Condition L eft TurnsProvided

Single Traffic Lanes Each Side

No Parking 64-68 74-78
With Parking Lane 6874 78-84
Two Traffic Lanes Each Side 76-84 86-90

NoTES:
Lower values for 8-foot loading platform, 2-foot separation, 18-foot parking plus travel lane.
Higher values for 10-foot loading platform, 4-foot separation, 19-foot parking plus travel lane.

4. Traffic signals should control movements at crossing
roads. Buses should move on the green phasefor through
traffic that is followed by the left-turn phase. (This
sequence is essential to minimize same-direction bus-
automobile crashes.)

5. Pedestrian access to the stations should be provided at
signalized intersections.

6. Traffic signal—controlled, near-side, left-turn, storage
lanes are shared with the far-side bus station platforms;
special signal phases should be provided wherever left
turns must be accommodated.

7. Bus stops located in the islands must have passenger
protection, and fencing is desirable to channel pedes-
trian entry and exit to intersection crosswalks.

Most rights-of-way will require more limited space designs;
however, the same basic principles apply. Figures 3-14a and
3-14b show more likely configurations. Figure 3-14a illus-
trates a configuration with left-turn lanes, and 3-14b illustrates
a configuration without left-turn lanes. These designs require

Minor Street intersection
restricted to right turns

MINOR STREET

Platform length should accommodate
a minimum of two buses

total rights-of-way widths of 100 to 105 feet and 90 to 95 feet,
respectively, assuming 10-foot-wide sidewalks. When |eft
turns are prohibited, the busway is offset about 6 to 8 feet; this
offset decreases as the width of the median island increases.
However, such lateral offsets should be minimized.

Physical separationsmay be provided by raised i andswith
mountable curbs. A minimum separation of 4 feet between the
busway and adjacent travel lanes will provide refuge for
pedestrians and spacefor signs. When spaceisextremely tight,
channelization such asflexible posts placed in predrilled holes
canbeused. Far-side“trangit” signal indications, such asthose
used for LRT lines, should indicate to bus drivers when they
may proceed or must stop. This will minimize confusion to
approaching motorists (see Chapter 4).

Passenger loading areas for bus stops should be adequate
for expected peak-hour bus flows. Generally, they should
provide at least two loading positions (100 feet for regular
buses and 140 to150 feet for articul ated buses). Stops may be
located either midblock or on the far side. They should be at
least 8 feet wide; a 10-foot width is preferred.
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Figure 3-13. Median arterial busway design for a wide roadway.
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Figure3-14a. Typical median arterial busway designs with left turns.

Figure 3-15 showsthe “ staggered” station platform design
used in South America. The design providesacenter lanefor
express buses; its direction alternates, resulting in a three-
lane running way envelope.

3-2.6.5. Indirect Left Turns

Along arterial roads with wide median strips, “indirect”
left turns can be provided to simplify intersection conflicts
and traffic signal phasing. This treatment has applicability
in growing suburban areas where new roadways are being
developed and where BRT isbeing considered. Theindirect-
left-turn concept, as shown in Figure 3-16, isin effect along
Canal Street in downtown New Orleans where buses run in
the central “neutral ground.” It is also used extensively on
highways with wide medians in Michigan, where benefitsin
capacity, travel times, and safety have been documented.

The indirect-left-turn concept prohibits all left turns at
intersections and replaces them with far-side “U” turns cou-
pled with aright turn; these kinds of turns are also known as
indirect |eft turns. The indirect left turn permits simple two-

phasetraffic signal operationsat intersections. The“U” turns
move on the same phase as the cross-street traffic. To make
pedestrian accessto stations safe and convenient, the* U” turn
channels should not be provided at intersectionswith stations.
The “U” turns should be placed where they have minimal
impact on BRT service.

3-2.6.6. Assessment

Median arterial busways located in the center of the street
eliminate the passenger loading, curb access, and right-turn
problems associated with curb lanes. They can be readily
enforced and provide a strong sense of identity in running
ways (preferably specialy colored pavement) and stations.
They can be grade separated at major intersections where
space permitsto eliminatetraffic signal delays. They do, how-
ever, pose problemsin dealing with left turns, and pedestrian
access to stations is less attractive than with curbside stops.
They also usually require total roadway rights-of-way of
90 to 100 feet. Such rights-of-way are not common in most
North American cities.
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Figure 3-14b. Typical median arterial busway designs without left turns.
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Typical Bus Stop Layout, Avenida Cristiano Machado, Belo Horizonte, Brazil
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Typical Bus Stop Layout, Avenida 9 de Julho, Sao Paulo, Brazil
(Source: Gardner et al., 1991)

Figure 3-15. Typical South American median arterial busway.
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3-2.7. Bus Streets

Bus streets or malls can provide early action cost-effective
downtown distribution for both BRT and local buses. They
may be warranted where high bus volumes traverse narrow
streets or as part of downtown revitalization proposals. Bus
streets or mallsmay includethelast block of an arterial street,
adead-end street at the end of several busroutes, a“busloop”
to change directions at major bus terminals, downtown bus
malls, and bus circul ation through automobile-free bus zones.

Reserving streets for BRT and other buses can improve
service speeds, reliability, and identity. Care must be taken
to select streets that provide maximum advantage without
hindering other traffic and access to adjacent premises. Gen-
eraly, bus streets should serve major concentrations of bus
flow resulting from the convergence of individual lines onto
asinglestreet. They should penetrate the heart of the city cen-
ter to provide easy, direct pedestrian access to major activi-
ties. They providelogical passenger distribution for BRT run-
ning ways on radial arterials or freeways, and they should be
integrally tied to pedestrian mall development.

3-2.7.1. Rationale

Busstreetsclearly identify transit routes, and they are easy
to enforce. They enable busesto pick up and drop passengers
at places where shopping and business activity is at the high-
est level. Bus streets are found in several U.S. citiesand are
used extensively throughout Western Europe. Examples in
the United States include the Fulton Street Transitway in
Brooklyn and the Nicollet Mall in Minneapolis.

Bus streets increase walking space for pedestrians and
waiting space at bus stops and can be ideal locations for off-
board fare collection. They can be part of an overall down-
town improvement program that is designed to stimulate
activity and investment. But as their use by buses increases,
they tend to becomeless attractive for pedestrians. Bus streets

Indirect |eft-turn concept for median arterial busways.

are acompromise between giving buses unhindered passage
to carry passengers closeto their desired destination and pro-
viding freedom of pedestrian movement.

3-2.7.2. Property Access

Bus streets should incorporate curb loading zones for off-
peak service vehicles when the necessary service cannot be
provided from intersecting streets or off of the street. When
other options are not practical, pickups and deliveries can be
permitted from the bus streets when the bus traffic is low
(i.e., night hours).

Access to parking garages is a constraining factor that
may require allowing automobiles on short discontinuous
sections of street. Such an arrangement is incorporated in
Portland Oregon’ sdual lane, one-way, Fifth and Sixth Avenue
bus streets where automobiles must turn off at the first cross
street after leaving the parking garage.

3-2.7.3. Design Features

Bus streets should provide passing opportunities around
stopped buseswhen busflows are heavy, the distancesinvolved
are more than % mile, and both BRT and other buses use the
street. Stopping positions for BRT should be separated from
those for local buses, but walking between them should
be easy.

Illustrative designs are shown in Figure 3-17. Bus streets
usually are 22- to 24-foot two-way roads. This configuration
is adequate when there are less than 50 peak-hour buses one
way. When there are more than 60 buses per hour, itisdesir-
ableto provide passing opportunities at stops. The stops may
either lie near-side or far-side and should accommodate at
least three articulated buses. When blocks are closely spaced,
the stops may extend an entire block; however, designs should
limit the passing opportunities to one lane. In cases of very
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Figure3-17. Typical bus street designs.

heavy bus volumes (e.g., over 90 buses per hour), dual lanes
are desirable in both directions. Specific designs can include
bus pull-outs, central medians at key points, widened side-
walks, and passenger amenities. Care must betaken to ensure
that other traffic is not unduly impacted and that parallel
routes are available for displaced traffic. When the length of
abus street is less than three or four blocks, it may be feasi-
bleto eliminate cross vehicular movementsif traffic flowson
Cross streets are low.

3-2.7.4. Operations

Bus streets generally should operate at all times. However,
during late evening and overnight periods, when bus flows
are very light or there is no bus service, other vehicles could
usethe buslanes. Operationsand service design are described
more fully in Chapter 8.

3-3. OFF-STREET RUNNING WAYS

Off-street BRT running ways are desirable in “line-haul”
BRT operations to permit high speeds and to minimize traffic
interferences. A desirablegoal isto provideasmuch BRT route
mileage as possiblein reserved lanes or dedicated busways.

Rapid andreliable BRT serviceishest achieved when buses
operate in busways or reserved lanes on freeways. Locations
in order of desirability are (1) separate right-of-way, (2) one

side of freeway, and (3) within freeway medians. A major
issue with freeway mediansis poor pedestrian access to sta-
tions and the difficulty in integrating them with their sur-
roundings to promote transit-oriented development. Busways
have the advantages of better penetration of markets, a close
relationship of stations to surrounding areas, and a stronger
identity. Facilities in freeway corridors (reserved bus lanes)
may be easier to develop because rights-of-way are already
available.

BRT use of freeways will benefit from bus-only ramps to
the BRT facility and metered ramps with bus bypass lanes.
These ramps have the dual benefits of reducing bus delays
and/or improving main-lineflow. Other HOV scould also use
the bypass |lanes.

3-3.1. Busways

Dedicated, often grade-separated busways provide the
most attractive running ways for BRT. Busways permit fast,
reliable bus operations that are free from traffic interference
and afford speeds comparabl e to those provided by rail rapid-
transit lines. They provide a strong sense of identity and can
achieve collateral land development benefits.

Busways provide (1) line-haul BRT servicesto city cen-
ters, (2) BRT service that extends rail transit lines, and
(3) short bypasses of major congestion points. They segre-
gate buses from other types of traffic, and they include ancil-
lary passenger-bus interchange and parking facilities. They
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TABLE 3-7 Busway ridersneeded to produce a net benefit

Busway Cost Time Savings, Min/ Mile

(Millions of Dollars per Mile) 1 25 5 75
10 11,000 4,000 22,000 1,500
25 27,500 11,000 5,500 27,000
50 55,000 22,060 110,000 7,300

Bus Tunnel
200 220,000 88,000 44,000 29,300
300 330,000 132,000 66,000 44,000

NoTEs:
Typical values are underscored.

Capital recovery: 50 years @ 5% interest, 300 days per year, $10/hour value of time.

may be constructed at, above, or below grade (asin tunnels),
either in separate rights-of-way or within freeway corridors.
They may be designed as“open” systemsthat |et buses enter
or leave at intermediate pointsor as*“closed” systemsinwhich
buses operate only on the busway. They may befully or par-
tially grade separated or entirely at grade.

3-3.1.1. Planning, Location, and Configuration

Busways should form the backbone of the BRT system
whenever suitable corridors are available and a sufficient
number of buses is available to establish a BRT “presence’
along the corridor. Busways should save at |east 5 minutes of
travel time over alternate bus routings, on average. They are
also desirable where freeways are congested and where
physical, social, and/or environmental conditions preclude
major road expansion. Downtown busway development
(e.g., bus tunnels) may be appropriate when peak-hour bus
speedsarelessthan 5to 6 miles per hour, when the congested
area extends for more than a mile, and when surface-street
priority options cannot substantially improve speeds.

3-3.1.2. Cost-Effectiveness

The number of passengers along the busway and the esti-
mated travel time savings should bear areasonable relation-
ship to the development costs incurred. Ideally, the travel
time benefits, measured in the value of time saved for bus
passengers, should exceed the annualized development and
operations and maintenance costs. Typical cost-effectiveness
values for busways and bus tunnels are shown in Table 3-7.

3-3.1.3. Location Options

Busways may be built on separate rights-of-way, along-
sidefreeways, or within freeway medians. Locationsin order
of desirability are (1) separate right-of-way, (2) one side of a
freeway, and (3) within freeway medians.

Busways located on their own right-of-way can penetrate
high-density residential and commercial areas, traverse city
centers and other major activity centers, and allow easy bus
and pedestrian access to stations. Access points can be
developed simply. Constraining factors include land avail-
ability, time to develop, and costs.

Sometimes busways can be located along active or aban-
doned rail lines, as in Miami and Pittsburgh (shown in
Photo 3-F) and in the case of the proposed New Britain—
Hartford Busway. This can reduce land acquisition costs,
community impacts, and construction periods. However,
right-of-way availability should be balanced with proxim-
ity and access to key transit markets. Many rights-of-way
are geographically removed from residential and employ-
ment concentrations and offer limited opportunities for
transit-oriented devel opment.

Exclusive busways within a freeway corridor may be
located either within the median or along one side of thefree-

Photo 3-F. East (MLK) Busway, Pittsburgh.
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way. Both have the advantages of using existing publicly
owned land and operating in reserved lanes and mixed traf-
fic at the outer ends of the busway.

Busways located along one side of a freeway (such as
the South East Busway in Brisbane, shown in Photo 3-G)
provide a better identity, easier accessto stations, and sim-
plified intermediate and terminal access points; they are
also conducive to transit-oriented development along one
side, ashas occurred in Ottawa. However, they may require
grade separations at freeway interchanges to avoid conflicts
with ramps.

When freeway corridors are wide enough, the busway can
be located beyond the interchange; when rights-of-way are
constrained, the busway may have to be grade separated at
all ramps. Examples of possible configurations are shown in
Figure 3-18. For diamond interchange configurations, the
busway could be located outside of the interchange area; for
other configurations, separate structures may be required.

Busway locations within a freeway median are desirable ~ Photo 3-G.  Busway adjacent to freeway, Brisbane,
wherefreeways are suitably located and costs makeit essen-  Australia.

CROSS
STREET

s BUSWAY
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(schematic - not to scale)

Figure 3-18. Busway located alongside freeway at interchange.
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tial to minimize rights-of-way. They work best if the mgjor-
ity of demand isto/from asingle location (e.g., aCBD), and
therearefew attractions at intermediate stations. These treat-
ments are relatively simpleto achieve, usually involve lower
capital costs, and have minimum impact on ramp or inter-
change geometry. However, complex intermediate bus access
points may be needed to avoid weaving acrossthe main free-
way lanes. Pedestrian access to stations may be difficult, and
direct across-the-platform businterchange (from BRT to other
buses) isnot possible. Finally, theidentity and image of the
busway can be overwhelmed by the freeway, making it dif-
ficult to use facility and stations to promote transit-oriented
development.

3-3.1.4. Configuration and Operating Concepts

Busways should be straight, penetrate high-density areas,
and minimize the number of branches. Figure 3-19 shows
desirable and undesirable busway configurations. Some
configuration and operating concepts for busways are the
following:

1. Radial Character. Busways serving a CBD should
radiate outward from the city center and ideally pass
through it. Cross-town lines should be developed only
when clearly warranted by land useand travel densities.

2. Market Penetration. Busways should penetrate high-
density residential areas and provide convenient down-
town distribution. They should serve both high-density
(urban) and lower-density (suburban) markets.

3. Through Service. Through routes are preferable when-
ever operating and demand conditions permit. Through
serviceincreases passenger convenience and simplifies
movements in the city center. However, because of
schedule variances, through service may not always be
advisable, especialy on long routes.

4. Smplified Route Sructure. Busways should have
simple, understandabl e route patterns. The number of
branches should be minimized and be consistent with
needsto promote route identity, maintain frequent ser-
vice, simplify station berthing requirements, and keep
dwell times low.

5. High Operating Speeds. Portal-to-portal bus speeds
between the city center and outlying areas should be
comparableto automobile speeds. Thiscan beachieved
by providing all-stop and express service along bus-
ways. Good geometric design and sufficient distance
between stations are important for achieving high
operating speeds.

6. Sation Access. Busway stations should be accessible
by foot, bicycle, automobile, or bus. They should be
placed at major traffic generators and intersecting bus
lines. Park-and-ride facilities should be provided in

outlying areas where most access is by automobile.
Bicycle locking facilities should be provided where
spaceisavailable.

7. Sation Soacing. Station spacing should vary inversely
with population density. Close station spacing (% to
1 mile) should be provided where passengers can walk
to stations; wider station spacing isfeasiblewhere peo-
ple ride buses to stations (to 1 mile) or drive to sta-
tions (1 to 3 miles). The need for stationsis diminished
when buses can leave buswaysfor local collection and
distribution. To facilitate downtown, off-street, pas-
senger distribution, it is desirable to provide at least
three stops at %- to %-mile intervals. This will avoid
concentrating all boardings and alightings at one loca
tion with attendant increases in bus dwell times.

8. Convenient Transit, Pedestrian, and Automobile I nter -
change. Park-and-ride facilities and, in some cases,
bus transfer facilities should be provided in outlying
areas where population densities are too low to gener-
ate sufficient walk-in patronage.

9. Maximum Driver Productivity. The number of peak-
hour passengers per bus driver should be maximized
through (1) service configurations that allow multiple
tripsin peak hours, (2) use of high-capacity (e.g., artic-
ulated) vehicles, and (3) high speeds.

10. Downtown Distribution. BRT servicein the city cen-
ter may be provided by bus streets or bus lanes or in
off-street bus tunnels or busways. The goal should be
to provide unimpeded through service wherever pos-
sible (see Figure 3-20). However, in some cases, ter-
minals can be provided at the edge of the CBD, where
walking distances to/from most trip destinations are
less than 5 to 10 minutes.

3-3.1.5. Design Criteria and Guidelines

Busway design should permit safe and efficient operation.
Some guidelines for busway design are the following:

* Busway designs should enable buses to pass stopped or
disabled vehicles without encroaching on the opposite
direction whenever possible. This can result in cross
sections ranging from 48 to 80 feet at stationsincluding
platforms, medians, stopping lanes, and through lanes.

* Busways could be designed for possible future conver-
sion to rail or other fixed guideway transit in terms of
horizontal and vertical curves, drainage requirements,
and so forth.

* Busways should operate normal flow (with shoulders
provided wherever possible), specia flow (with a cen-
tral shoulder or passing lane), or contra flow (with a
central shoulder passing lane). Normal flow designsare
the simplest and most common. Contra flow configura-



DESIRABLE

CARRY SPECIAL R/W
BEYOND FREEWAY RING

DIRECT

FREEWAY ; PARK_RIDE
ACCESS PENETRATE PRESERVE RAW
HIGH-DENSITY RESERVE A
\ AREA EXTENSION
TRAVERSE
CBD J
UNDESIRABLE
s
L VARIETIES
-
NO BUSWAY
FREEWAY ACCESS POOR SERVICE
THROUGH HIGH-
TERMINAL ECCENTRIC  DENSITY AREA
\ 70 CBD, REQUIRING
_I 8|ESC-|QF'§\1[B)G{R—%)N —LEGEND STATION TERMINAL
BUSWAY O ]
BUSROUTEON
SURFACE STREET
FREEWAY —————
FREEWAY WITH s

l

(SourceE: Levinson et al., 1975) BUS LANE

Figure 3-19. Desirable and undesirable busway configurations.

3-25



3-26

S
?‘
BUS LANES \\%\*
D
<:€> BUSWAY
—— -
CBD
BUS TUNNEL
BUSWAY
CBD

Figure 3-20. Through-service concepts with CBD distribution.

tions permit common center-island station platformsthat
minimize the number of station stairways, supervision,
and maintenance requirements. However, they require
crossovers at beginning and end points or vehicles with
doors on both sides.

Typical criteria drawn from contemporary highway and
busway practicearegivenin Table 3-8. Thecriteriaaregiven
for two basic types of busways. Class 1 busways are com-
pletely grade separated and support service levelscomparable
to rail rapid transit. Examples include Adelaide, Ottawa, and
Pittsburgh. Class 2 busways are partially grade separated or
at grade and support service levels similar to LRT lines.
Examples include the South Miami-Dade Busway and the
New Britain—Hartford Busway.

Busway Use. Transit buses of more than 18 passengers
and operated by professional drivers should be allowed to
use busways (and contra flow freeway bus lanes). Busways
should permit use by emergency vehicles—ambulances, fire
trucks, police cars—and by maintenance vehicles.

Design Vehicle. Roadway geometry should be governed
by the performance and clearance requirements of standard
40- to 45-foot buses and 60- to 70-foot articulated buses.
Joint-use guideways should be wide enough to accommodate
LRT vehicles.

Loads. Structures should be designed to accommodate
AASHTO H20-S-16-44 live loads.

Design Speeds. Desirable design speeds are 70 miles
per hour for Classl busways, 50 miles per hour for Class 2

busways, and 40 miles per hour for bus ramps. Minimum
design speeds are 50, 40, and 30 miles per hour, respectively.
A busway may incorporate sections having different design
speeds, but the changes should be few and gradual.

Alignment. Safe stopping sight distances, horizontal cur-
vature, and vertical curvature should reflect AASHTO prac-
tice. Each is keyed to design speeds. Table 3-8 shows repre-
sentative values for the mid-range speeds. When future
convertibility is a factor, the minimum radius should be at
least 250 feet.

Cross Slopes. Pavement cross slopes should be between
1.5 and 2%. Slopes on shoulder and border areas can be up
to 4 and 6%, respectively.

Gradients. Busway grades should be less than 6% when
future conversion to rail is anticipated and 9% otherwise.

Clearances. Minimum vertical clearancesof 13to 14.5feet
should be provided. Where rail rapid transit is anticipated,
vertical clearance will be governed by the future system
needs. Lateral clearances (overall) should be at |least 6 feet
for busways. However, under restricted conditions, minimum
1-foot clearances can be provided along each side of Class 2
busways and along ramps. Center medians, when used, are
limited to station areas.

Envelopes. Busway envelopes include the travel lanes,
center median (if used), shoulders, and outside curbs/parapets
along elevated or depressed sections. Many existing Class 1
and Class 2 busways do not use center medians. This has
the advantage of allowing passing of aslow or stopped |ead-
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DESIGN PARAMETER CLASS 1 BUSWAY CLASS2 BUSWAY
FULLY GRADE PARTIALLY GRADE
SEPARATED SEPARATED OR AT
GRADE

DESIGN SPEED (MPH) 50-70 30-50
ALIGNMENT (MID-VALUES) (FEET)

Stopping Distance 640 300

Horizontal Curvature 200 125

Desirable Minimum 1350 500

Minimum—Convertible to Rail 250 250

Minimum—Convertible to Light Rail 100 100

Absolute Minimum 100 100

Super Elevation 0.06 0.08
GRADIENTS (%)

Maximum (Convertible to Rail) 3-4% 3-4%

Maximum 3-5% 4-6%

Minimum 0.3% 0.3%
CLEARANCE (FEET)

Vertical 1459 1459

Lateral (each side) 6 2-6
ENVELOPE (TYPICAL) (FEET)

Lane Width 13-13.5" 11-12

Shoulders 8-10 2-6

Envelope 42-47 2636
ENVELOPE (SPECIAL) (FEET)

Elevated 30-36 30

Tunnel (Minimum) 31-32 31-32

NoTES:

@ should be 16 feet where overhead collection (for bus o rail) is planned.

® 12-foot lanes with 2-3 foot paint separator.

ing bus. These envelopes may vary based on local conditions,
although they should be wide enough to permit safe and effi-
cient operation. Envelope requirements are the following:

* Lanesshould be 12 feet wide. However, 11-foot lanesare
acceptable in constricted areas, at terminals, and along
Class 2 busways.

Shoulders are desirable to accommodate disabled buses
and should be provided whenever space permits. Full-
width (8- to 10-foot) shoulders are desirable, although
narrower shoulders may be used when space is con-
strained. Shoulders may be reduced or omitted along
elevated structures, in tunnels, and in other situationsin
which right-of-way is limited.

Pavement Widening on Busway Curves. Additiona
lateral width is needed on curves for the maneuvering and
overhang of various parts of the buses. Pavements should be
widened 1.5to 2 feet on curves 1,000 feet or less, depending
on design speed and busway width (see Table 3-9). These
values accommodate a 40-foot-long, 8.5-foot-wide design
vehicle, but they will also accommodate a 60-foot articul ated
bus that requires similar maneuvering space.

Ramps. Class 1 busway ramps should be designed for
speeds of 30 to 40 miles per hour. Class 2 busways should be
designed for speeds of 20 to 30 miles per hour. Lanes should
be 12 to 14 feet wide and shoulders should be 10 feet wide. A
total width of 22 to 24 feet isdesirable, but atotal width may

TABLE 3-9 Pavement widening on two-way, two-lane busway curves

ROADWAY WIDTH
24 FEET 22 FEET
Design Design
Speed, MPH Speed, MPH
RADIUS 30 40 50 60 70 30 40
500 feet 15 2.0 25 3.0
750 feet 1.0 1.0 15 2.0 2.0
1,000 feet 0.5 1.0 1.0 15 15 2.0
2,000 feet 0.0 0.0 0.0 0.5 1.0 1.0 1.0
3,000 feet 0.0 0.0 0.0 0.0 0.5 0.5 1.0
4,000 feet 0.0 0.0 0.0 0.0 0.0 0.5 0.5

Norte: Vauesless than 1.5 may be disregarded.
SouRce: Levinson et a., 1975.
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be narrower for limited distances in restricted situations.
Ramp exit and entrance speed-change design should follow
AASHTO criteriawhen possible.

3-3.1.5.1. Bus Tunnels

Suitable provisions for tunnel ventilation are essential.
Stations may have “conventional” at-curb platforms (high or
low level) or may use atransparent wall or door. Thesetrans-
parent doors, which separate the passenger waiting areafrom
the busway lanes and reduce noise level s, open only when the
buses arrive. Such doors are used in the downtown Brisbane
bus tunnel.

Electric trolley buses and dual mode buses are used in
Seattle’ s bustunnel and will be used in Boston's Silver Line
tunnel. Hybrid diesel-el ectric buses are al so being introduced
that will allow tunnel operations under battery power. Tun-
nelsfor these newer “improved air quality” busesrequireless
ventilation capacity than is required for conventional buses.
Vertical clearances should be adequate to accommodate the
trolley poles and overhead wires, as appropriate.

Suitable facilities for moving, storing, and passing dis-
abled buses should be provided. Thisisaccomplished by pro-
viding athird lane at stations in Seattle’ s tunnel and by pro-
viding severa “storage areas’ between opposing directions
in Boston's Silver Line tunnel.

3-3.1.5.2. Sample Cross Sections

[llustrative cross sections are shown in Figures 3-21 and
3-22. Figure 3-21 shows typical busway cross sections for
locations between stations. Ideally, two 12-foot lanes should
be separated by a 2- to 3-foot painted median and by 8- to
10-foot shoulders. This resultsin a 42- to 47-foot envelope.
Under restricted situations, the center painted median can be

DESIRABLE
42 - 47 FEET

NS
-y

MINIMUM
28 - 36 FEET
2'-6' 12' 12' 2'-6'

_—

Figure3-21. Typical busway cross sections.

eliminated, and the shoulders can be reduced to 2 to 6 feet.
This results in a 28- to 36-foot envelope. Examples of this
busway design arefound in Miami, Ottawa, and Pittsburgh.
Envelopes at stations are wider to allow passing lanes for
buses and facilities for passengers.

Figure 3-22 shows mid-station busway cross sections
within afreeway median. In al designs, abarrier median sep-
arates the busway from the freeway lanes. The “desirable”
treatment shown in Design A providesa42- to 47-foot enve-
lope, whereas the minimum design, Design B, has 2-foot
rather than 8- to 10-foot shoulders and results in a 28-foot
envelope. Designs C and D show busway lanes separated by
10-foot and 14-foot painted medians, respectively. Both
designs have 2-foot shoulders. The resulting envelopes are
38 to 42 feet. This concept has not been applied in practice.

3-3.1.5.3. Sations

Buswaysaretypically widened at stationsto enable express
buses to pass buses making stops. Generally, the number of
busway lanesisincreased from two to four, and the shoul der
areas are eliminated. An alternate concept, proposed along
theNew Britain—Hartford Busway and used on several median
arterial busways, providesasingle passing lane and staggered
station platforms, reducing the overall width (including lanes,
medians, and platforms) to roughly 50 feet. Further detailson
station guidelines are provided in Chapter 5.

3-3.1.5.4. Busway Access

Special access treatments are required where busways
begin, end, or branch and where buses enter and leave at
intermediate access points. Providing this accessis straight-
forward when busways operate on separate rights-of-way. It
becomes more complex when busways are located within
freeway medians or alongside freeways. In this case, access
can be provided directly onto freeway lanes, or by means of
special structures to cross streets.

Busway access options include (1) at-grade dlip ramps to
freeways, (2) direct rampsto cross streets, (3) flyover ramps,
and (4) at-grade, bus-only connections to other busways or
streets. In specia situations, asin Houston, specia “T” ramps
from busways in freeway medians to off-line stations can be
provided (see Photo 3-H).

Location of access points should reflect street geometry
and likely bus routes. Traditional intersection and freeway
design standards should be applied per AASHTO and other
design and capacity guidelines. Examplesof busway freeway
connections at the starting and ending points for median and
side-aligned busways are shown in Figure 3-23. Transitions
to freeway travel lanes are made by high-speed merging and
diverging movements. Access to cross streetsis by means of
astandard “T” ramp.
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Figure 3-22. Busway cross sections within freeway median.
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Figure 3-23. Busway and freeway transitions.



Photo 3-H.

“T" ramp in Houston.

Figure 3-24 illustrates busway transition conceptsfor side-
aligned busways connecting with ramps at diamond and
partial-cloverleaf interchange ramps. Figure 3-25 provides
transition details for busways on their own right-of-way or
within the median of afreeway. Figures 3-26 and 3-27 give
examples of at-grade bus ramp connections. Generally, a
1-in-50 transition of through lanes around left-turn lanesis
required. Stop signs or traffic signals should control move-
ments and give preference to main line busway movements.
It isestimated that the at-grade control s can effectively man-
age bus flows of 3 to 5 buses per minute (180 to 300 buses
per hour).

3-3.1.5.5. Class 2 Busways

Class 2 busways combine both grade-separated and at-
grade intersections. Examplesinclude the South Miami-Dade
Busway and the Runcorn Busway. They are similar to arte-
rial median busways except that they should operate on sep-
arate rights-of-way. A Class 2 busway concept is shown in
Figure 3-28.

Class 2 busways can utilize narrow rights-of-way in urban
and suburban areas. When streets and land devel opmentsfol-
low rectangular grids, rights-of-way approximately one lot
wide can be acquired, and the busways can be developed at
grade. Minor streets should terminateinloopsor cul-de-sacs,
and grade crossings should be signalized.

The busways should be separated from parallel arterial
roadways by at least 660 feet. The separation will allow signal
controls along intersecting streets to operate independently.
Bus-actuated signals at crossing roads should give preferen-
tial treatment to buses (advanced green, retarded red cycles);
however, this may not be practical when busways intersect
heavily traveled crossroads. In such cases, bus actuations
should come about in a specified period of the overall back-
ground signal cycle.

Class 2 busways also have applicability in new commu-
nities and large planned-unit developments. Busways can

penetrate residential developments, with streets and parking
located along the outside perimeter. Thiswill reduce walking
distance to bus stops and help achieve a synergistic transit—
land use relationship.

3-3.1.5.6. Guided Busways

Mechanically guided busways operate in Adelaide, Aus-
tralia; Leeds, United Kingdom; and in Nancy and Caen,
France. In Adelaide and Leeds, special guideways provide
curbing on each side of single-line “tracks,” and busway
track width is sized to fit the distances between three sets of
side guidance wheels on each side of the bus. The wheels,
which are connected to the power steering system, bear
against the concrete curbs. A typical cross-section view is
shown in Figure 3-29. The 20-foot section is several feet less
than sections required for conventional busways.

Specially fitted standard buses can be used. Their size can
vary as long as the horizontal guide wheels are uniformly
spaced. Buses can enter the guided busway at 25 miles per
hour and operate at a cruising speed of about 60 miles per
hour. They can dock precisely at stations. In Nancy and Caen,
a central guidance track is contacted by a metal guidance
wheel that steers the vehicles.

3-4. FREEWAY RUNNING WAYS

Freeway running ways can provide a cost-effective basis
for BRT. They can speed bus service, improve busreliability,
and also provide a strong sense of identity where stations are
provided. They can be used by conventional al-day, high-
frequency routes and peak-hour nonstop service, depending
on specific facility design and service requirements.

Running way types vary in their placement along the
roadway, number of lanes provided, direction of travel,
and type of separation. Table 3-10 summarizes the various
freeway-related running ways and givestheir general applic-
ability for BRT.

3-4.1. Eligible Vehicles

A major policy decision is whether running ways should
be used only by buses or by other HOVsaswell. Initial instal-
lations in the United States were used only by buses. How-
ever, most freeway running ways currently are shared with
other HOV s. Thiss practice maximizesthroughput in terms of
person miles per hour, and it avoidsthe“ empty lane syndrome’
in places where bus volumes are low. To avoid impacting
thelane' seffectivenessfor BRT, aminimum level of service
can be specified. For example, whenever the level of ser-
vice dropsbelow level “C,” the HOV criteriafor persons per
vehicle can be adjusted or pricing techniques (such as high-
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Figure 3-24. Busway-freeway transitions at interchanges.



= ) _ 400' MIN.

tt

ey 75" MIN.

400" MIN |

b

BUSWAY IN FREEWAY MEDIAN
ACCESS FROM FREEWAY

pitl

75" MIN.

i

BUSWAY IN FREEWAY MEDIAN
ACCESS FROM CROSS STREET

/

lHTI

bitt

(]

BUSWAY ALONGSIDE FREEWAY OR IN SPECIAL R/W
ACCESS FROM CROSS STREET

(Source: Levinson et al., 1975)

Figure 3-25. Busway access.
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Figure 3-26. Busway junctions.
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Figure 3-27. Example of layout for busway inter section.
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Figure 3-28. Class 2 busway concept.
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Figure 3-29. Guided busway and conventional busway sections.

TABLE 3-10 Freeway facility optionsfor BRT

BRT APPLICATION
PEAK-HOUR
FACILITY CoNVERORAL COMMUTER
SERVICE EXPRESS SERVICE
(NO STOPS)

Exclusive Two-Way Facilities (Busways)"

Common Shoulder Separation O O

Physical Barrier Separation 0 O
Exclusive Reversible Roadways

Single Lane O

Dual Lanes d
Concurrent Flow BusL anes

Short sections where
Right Outside Lane (or Shoulder) interchanges are
widely spaced.

Median Lane O
Contra Flow Bus L anes

Single Lane O

Dual Lanes O
Queue Bypass L anes

Bus-Only Ramps Complements other running ways.

Bus Bypass of Metered Entrance Ramps | Complements other running ways.

NoTEs:
1 See Section 3-3.1 of this chapter.

Source: Adapted from Texas Transportation Institute et al., 1998.



occupancy/toll lanes) can be considered. Other considera-
tions for bus/HOV shared facilities include the following:

1. Placement of HOV laneswithin the freeway may make
it difficult to provide on-line stations unless they are
considered in the original freeway design,

2. Buses stopping at stations can be delayed when they
reenter the HOV lanes, and

3. Reliability may beless certain than with exclusive bus-
only running ways.

Where nonstop “commuter express service” is provided
(as in Houston), the running ways may be shared with car
poolsand van poolswith off-line BRT stations accessed from
the facility with “T” ramps.

3-4.2. Planning and Operating Considerations

Planning and operating considerations for running ways
are listed below.

Both median and right-side bus lanes have proven
operable. Median lanes are removed from ramp conflicts at
interchanges and can allow special median access to cross-
roads. However, they require careful design of access points
to stations. Right-side lanes allow easy bus entry and exit.
However, they result in frequent weaving conflicts, especially
where crossroad entry and exit ramps are closely spaced.

Buslanesgenerally should extend at least 5 mileswhen
busesrun nonstop to achieve atime savingsof 5 miles per
hour or more. The principal exceptions are queue bypass
lanes on approachesto major arterial intersections, freeways,
Or river crossings.

Existing freeway lanesin the heavy direction of travel
should not beconverted tobuslanes. Itisbetter to provide
additional lanes so that existing traffic congestion is not
worsened.

Where a BRT commuter service (such asin Houston)
operateson an HOV facility, it isessential that theservice
have its own access/egress ramps to the off-line transit
stations and/or its park-and-ride facilities. Residential
collection should be done without requiring buses to weave
across general traffic lanes to enter and leave station areas.

Standar dization of freeway entranceand exit rampsto
the right of the through traffic lanes permits the use of
median lanes by buses either in concurrent (normal) or
contra flow traffic. Dedicated bus entry and exit ramps to
and from freeway median bus lanes or roadways should be
provided without interfering with normal automobile traffic
on the right-hand ramps and requiring buses to weave across
the main travel lanes.
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3-4.3. Design Guidelines

Running way design should be consistent with established
standardsfor the adjacent general purposefreaway. A 70-mile-
per-hour design speed is common, athough lower speeds are
sometimes used. Speeds should also reflect the type of running
way. Table 3-11 gives illustrative design speeds for “desir-
able” and “reduced” conditions.

3-4.4. Exclusive Two-Way Facilities

Two-way bus roads (busways) within the freeway median
can be physically separated from general purpose traffic
lanes by acommon shoulder (e.g., the San Bernardino Transit-
way) or by aphysical barrier. They can provide complemen-
tary facilities such as stations, bus-businterchange, and park-
and-ride lots.

3-4.5. Exclusive Reversible Roadways

Reversible roadways, which are typically separated from
freeway lanes by islands or barriers, are provided in severa
citiesfor useonly by HOV sfor peak-period, peak-directional
trips. These lanes also can be used for commuter express
buses that run nonstop and then leave the lanes via special
access points to provide park-and-ride lots with bus service
or provide local street distribution service.

Examples of such facilities include the Shirley Highway
in Northern Virginia (1-395), initially a bus-only road; the
[-15 Express/high occupancy toll (HOT) lanesin San Diego;
and the 1-25/HOV lanes in Denver. The largest system is
found in Houston where a “ Transitway” system that is over
100 milesin length operates in five radia corridors. These
exclusive roadways may include intermediate reversible
access ramps to streets and park-and-ride lots. Manual and
automated methods for opening, reversing, and closing the
exclusive roadways are used.

Examplesof crosssectionsare shownin Figure 3-30. A min-
imum barrier-to-barrier envelope of 20 feet is shown, although
this may require adjustments to mirrors to alow for passing
capability. A 24- to 28-foot (minimum) envelope to facilitate
passing disabled busesisdesirable. Figure 3-31 givesan exam-
ple of the “T" ramps used on the Houston Transitway system.
Thereversiblerampsprovidedirect accessto park-and-ridelots
and busterminals. Key design featuresinclude (1) acceleration

TABLE 3-11 Typical design speedsfor running ways
within freeways

; Typical Design Speed
Type of Running Way Reduced Desirable
Barrier separated 80 km/h (50 mph) 120 km/h (70 mph)
Concurrent flow 80 km/h (50 mph) 100 km/h (60 mph)
Contra flow 40 km/h (30 mph) 80 km/h (50 mph)

Source: Fuhs, 1990.
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3.7 m (12 ft) travel ways with traffic always operated
to the right of the center stripe

(Source: Texas Transportation Institute et al., 1998)

Figure 3-30. Examples of cross sections for one-lane busway in freeway median.

Ramps Reverse Via
a Crossover At-Grade

2' Mountable > le—
Curb
Ly
‘ f PM
— l¢— 9.2m
(307
OO0
[ 4 l A
A, A,
7l 7
55.4m 55.4m 28m 28m 83m 55.4m
(180') (180) @1 I 1) (2709 L. (180)
b >
- R=35'*
- e
g <—PM AM <—PM ¢
AM
-«—PM AM — < Reversible-Flow HOV Mainline < i
— T ™ Elevated Structure ((32%)',‘;' T
- Freeway Lanes 9.77m 7m
- (32) (23)
1000'
Not to Scale
(Source: Texas Transportation Institute et al., 1998)

Figure 3-31. Example of reversible flow “ T” ramp.



and deceleration lanes where the elevated ramps enter the
main HOV roadway and (2) a 22- to 24-foot cross section for
the single HOV lane, including a shoulder and travel lane.

The Houston Transitway HOV lanes have several advan-
tages: (1) they make use of available right-of-way within a
freeway median; (2) they provide a cost-effective approach
to adding peak-direction person capacity; (3) the physically
separated lanes are self-enforcing; and (4) a sense of BRT
identity can be provided.

Because exclusive reversible roadways permit BRT service
only in pesk periods, they are best suited for peak-hour com-
muter expressrunsrather than for al-day, multi-function BRT.

3-4.6. Concurrent Flow Bus Lanes

Concurrent flow bus lanes may be located on the outside
lanes or shoulders of the main travel lanes or located within
themedian lane. The outsidelanes are appropriate whereinter-
changes arewidely spaced, weaving conflicts are manageable,
and buses traverse a small number of interchanges. They are
used for outlying sections of the Ottawa Transitway, asshown
in Photo 3-1. Median lanes are the most common HOV treat-
ment. They are removed from entry and exit conflicts, but
they require special facilities for bus entry and exit. Like the
median barrier BRT options, they include adding lanes to the
freeway cross section. The additional lanes may be provided
by widening the roadway, narrowing existing lanes slightly,
and/or reducing the inside shoulder.

FREEWAY
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Photo 3-I.

Queensway Busway shoulder lane, Ottawa.

Examples of cross sections are shown in Figures 3-32 and
3-33. Lanes should be 12 feet wide with 2- to 10-foot inside
shoulders for median lanes and 4- to 10-foot shoulders for
outsidelanes. Both lane widths and shoulders may be reduced
under special circumstances. The lanes are usually separated
from the main travel lanes by a solid white lane line that is
broken at locations where vehicles may enter or leave. A 1- to
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3.7m (12 f) 3.0m (10 &)
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LATE

I 7 7 7 7 7 77 77

d
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2
: 4.9 m (16 ft)
: 3Im(2f)  —12m
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; T SHOULDER
D W
| )
: I
) REDUCED

(Source: Texas Transportation Institute et al., 1998)

Figure 3-32. Examples of cross sections for concurrent flow bus
(or HOV) lane located on the outside of a freeway.
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(Source: Texas Transportation Institute et al., 1998)

Figure 3-33. Examples of cross sections for concurrent flow bus (or HOV)
lane located on the inside of a freeway.

4-foot separation from adjacent lanesis desirable where space
permits. Normally, entrance to the concurrent flow lanesand
exit from them is made from the main travel lanes. These
should be located where merging and diverging movements
are removed from interchange areas.

Concurrent flow median bus lanes often have advantages
of relatively low costs, quick implementation, and minimum
right-of-way requirements. However, they are subject to fre-
quent violations and require constant, intensive enforcement
to minimize violations—especially when incidents occur in
the general purpose lanes. Intermediate, on-line stations at
the freeway level or cross-street level could be provided,
but they would require sufficient right-of-way width at the
cross-street locations. Therefore, their use has mainly been
for short nonstop runs (perhaps as links in a more extensive
system) or for express busruns. The BRT identity of the sta-
tions could be enhanced by using special colored pavements.

3-4.7. Contra Flow Bus Lanes

Contra flow lanes for BRT operate in the off-peak direc-
tion of freeways. They are an adaptation of reversible lane

concepts applied to urban freeways for a half century. They
are well suited for peak-period express (nonstop) bus runs
inbound to the city center in the am. peak and outbound in
the p.m. peak. Both single and dual contra flow lanes can be
provided.

Buses can use single contra flow lanes because (1) the bus
lane traffic stream is homogenous, and there is no need for
overtaking slower vehicles; (2) buses are highly visible to
other drivers, especialy when emergency flashers are used;
(3) professional bus drivers are generally well trained, expe-
rienced, and highly disciplined; and (4) buslane volumesare
relatively low, making the risk of a collision no greater than
along an undivided urban arterial or rural highway.

Several am. peak-period contra flow lanes operate in the
New Y ork—New Jersey metropolitan area. A single bus-only
lane has operated on the New Jersey approachesto theLincoln
Tunnel (as shown in Photo 3-J) since 1970. On the Queens
approach to the Midtown Tunnel (1-495), asingle bus/taxi lane
has been operated since 1971. A contraflow busHOV laneis
provided on the Brooklyn approach to the Brooklyn Battery
Tunnel (1-278). Each is heavily used, provides significant
travel time saving for bus riders, and has a satisfactory safety
record.



Photo 3-J. Contra flow lane on approach to Lincoln
Tunnel, New Jersey.

Contraflow bus lanes are appropriate when (1) thereisa
high directional imbalance in peak-period traffic, (2) the
off-peak direction of travel will not be adversely affected,
(3) thefreaway isat least six laneswide, (4) all normal free-
way entrances and exits are to the right of the through traf-
fic lanes, (5) the freeway isilluminated, (6) time savings to
bus passengers exceed the time lossesto traffic in the oppos-
ing direction, and (7) there are at least 40 buses per hour.

Examples of cross sectionsfor contraflow lanes are given
in Figure 3-34. Idedlly, the lanes (and buffer) should be wide

STORAGE FOR

6.7-7.3 m (22-24 ft)
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enough to permit buses to pass stalled vehicles (e.g., a 20- to
24-foot envelope), but thisisnot always practical. Therefore,
careful monitoring of operations and provision for quick
removal of disabled vehicles are essential.

Travel lanes should be 12 feet wide, although 11-foot lanes
have also been used. The lanes should have a 2-foot separa-
tion from opposing traffic marked by plastic pylons (installed
and removed each peak period), as is the case for each of
the New York—New Jersey area lanes. Alternatively, the
lane separation can be secured by movable barriers, as on
the Brooklyn-Battery Tunnel approach, Boston's Southeast
Expressway, and Dallas's East R.C. Thornton Freeway
(1-30 East). Buffer lanes may separate bus and opposing traf-
ficflowsin eight-lane freewayswhen traffic volumes permit.

Illustrative transition treatments are shown in Figure 3-35.
A toll plaza provides a natural transition point since speeds
arelow, and enforcement isrelatively simple. Transitions can
also be located at (1) the junction of two freeways by provid-
ing specia bus ramps before the points of road convergence
and (2) directly from normal freeway lanes.

Ample signing should be provided at transition points
and along the bus lanes. Overhead |ane-control signals can
be placed on special locations and on freeway over-crossing
structures.

Buses traveling in contra flow lanes should operate with
flashers and headlights on to increase visibility to oncoming
traffic.

When feasible, contra flow lanes can be installed without
increasing the number of freeway lanes. The lanes are free
from traffic interferences or violations. Their implementation
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(Source: Texas Transportation Institute et al., 1998)

Figure 3-34. Example of cross sections for a contra flow bus lane.
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(1) The illustrated layouts may be modified
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Figure3-35. Transition sections for contra flow freeway bus lanes.

costs are relatively low, athough their operating costs are
higher than for other types of lanes.

Bus accessislimited to beginning and end points, and sta-
tions cannot be provided. Because the lanes only operate in
onedirection in each peak period, they do not permit all-day,
two-way, multi-function BRT service. Therefore, they are
suitable only for peak-period commuter express trips or as
gueue bypasses.

3-4.8. Queue Bypass Facilities

Queue bypasslanes at metered freeway entrance ramps and
on approachesto toll plazas can expedite bus flow. They are
highly selective adjuncts to other BRT running way options.
In this context, they can be useful as part of an overal BRT
system.

3-4.8.1. Metered Freeway Ramps

Separate lanes (or ramps) at metered freeway ramps can
enabl e busesto bypass queues. Ramp metering with busbypass
lanes is appropriate when (1) freeways are congested with

lane densities of 40 to 50 vehicles per mile, (2) ramps can
provide adequate storage to minimize spillback onto arterial
streets, and (3) parallel surface routes are available.

Illustrative designs for bus bypass lanes at metered ramps
are shown in Figure 3-36. Twelve-foot lanes with shoulders
are desirable to provide passing of stopped buses; however,
narrower lanes without shoulders may be used in restrictive
situations. The busbypass|ane can be provided on either side
of ametered, mixed-flow lane or as a separate bus-only ramp
on the far side (downstream) of a multilane metered ramp.
Singlelane entrancesto the main freeway lanesare desirable.

Traffic signal controls should be located a sufficient dis-
tance from the freeway merging areas to alow genera traf-
fic to accelerate before reaching the freeway lanes. Either
pre-timed or traffic-responsive traffic signal controls can be
used. Space for enforcement areasis desirable.

3-4.8.2. Bus-Only Ramps

Specia bus ramps have been an integral part of the San
Francisco-Oakland Bay Bridge and Lincoln Tunnel—Port
Authority Bus Terminal express bus operations. These ramps
are applicable when they (1) serve facilities with high travel
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demands such as a busterminal, transfer station, major park-
and-ride facility, sports complex, or civic center and
(2) provide access that would otherwise be slow, circuitous,
or impossible.

Bus ramps can be provided by building exclusive ramps
or by converting general purpose ramps to exclusive bus
use. The choice will depend on balancing the costs of new
ramps against the impacts of automobile-ramp closures on
freeway and arterial street traffic operations. Ramp design
should provide adequate space to allow passing of disabled
buses. This suggests that there should be a single lane with
wide shoulders or atwo-lane design.

3-4.8.3. Congestion Points and Toll Plazas

Special bypass facilities may be appropriate at toll plazas
and points where freeways converge. Queue bypasses are
incorporated into several bridge toll plazas across the United
States. Examples include the George Washington Bridge in
New Jersey, the Coronado Bridge in San Diego, and the San
Francisco—Oakland Bay Bridge. The bypass lanes should
extend upstream beyond the normal queuing distance. Exam-
ples of such bypass lanes are given in Figure 3-37. Bus lanes
at toll plazas could pass through the center of the toll plaza or
could be located at the far right side of the plaza.
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CHAPTER 4
TRAFFIC ENGINEERING FOR BRT

Traffic-transit operationsintegration isan essential com-
ponent of the planning design and operation of BRT run-
ning ways. Close working relationships between traffic engi-
neers and transit plannersis essential in developing bus lane
and busway designs, locating bus stops, and applying traffic
controls.

A good program of traffic controls and signage should help
ensure safe vehicle and pedestrian crossings of buslanesand
busways and minimize delays to BRT vehicles and genera
traffic. Good traffic controls and signage will maintain essen-
tial accessto curbside activitiesand provide areasonableallo-
cation of street space among competing uses—BRT, other
buses, and curbside accessfor general traffic and pedestrians.
The program of traffic controls and signage should be per-
ceived as reasonable by bus passengers, motorists, and abut-
ting land users. An effective enforcement program is essen-
tial. This chapter provides traffic engineering guidelines for
the various types of running ways. Further details can be
found in the Institute of Transportation Engineers Traffic
Engineering Handbook (Pline, 1999).

4-1. OVERVIEW

The specific traffic engineering techniques vary with the
type and location of BRT running ways. These techniques
can be grouped in four basic categories. (1) traffic controls,
(2) specia signs and signal displays, (3) traffic signal con-
trols and priorities, and (4) enforcement. Applications of
these techniques are shown in Table 4-1. The techniques are
mainly applicableto street-running BRT, but they also apply
wherever busways or freeway bus lanes interface with roads
and streets, such as at intersections.

The techniques include (1) controls for curb parking, left
turns, right turns, and one-way streets; (2) special signage
and traffic signal displays; and (3) traffic signal controls,
including BRT preference and priority. Additional tech-
niques include curb adjustments, changes in roadway geom-
etry, and pavement markings. Some general guidelinesare as
follows:

» Stop signs or traffic signals should be placed on streets
that intersect BRT routes.

e Curb parking (all day or during rush hours) should gen-
eraly berestricted along BRT running ways.
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* Left and right turns should be restricted when they can-
not be accommodated without delaying BRT.

* Special signage should define BRT running ways and
inform motorists of at-grade busway crossings.

* Specia BRT traffic signal indicators should be provided
to minimize motorist confusion, especially along median
arterial busways and at queue jumps.

* Red times (and hence delays) for buses should be kept
to aminimum. This can be achieved by (1) maximizing
the available green time, (2) using as short atraffic sig-
nal cycle length as possible, and/or (3) appropriately
advancing and extending green time as BRT vehicles
approach intersections.

* | TS technologies can enhance and better integrate traf-
fic engineering and control measures. This is described
more fully in Chapter 7.

4-2. TRAFFIC CONTROLS

Traffic controls relating to curb use, turning movements,
and street directions can be applied at individual locations,
on selected segments, or on an entire BRT route.

4-2.1. Curb Parking and Loading Controls

Curb parking problems are especially acute in older parts
of urban areas where activities are clustered and off-street
parking space is limited. Curb parking problems are a major
concern within central areas, outlying business districts, and
along streets lined with shops and offices. These are often
corridors with good BRT market potential, which are served
by BRT running ways.

Curb parking reducesthe space available for buses and auto-
mobiles, conflicts with movement in adjacent lanes, reduces
bus and automobile speeds, and increases accidents. Parking
prohibitionswherethere are major busfacilities have reduced
accidents by about 15 to 20% and haveincreased travel speeds
for al vehicles. Accordingly, there should be no parking along
BRT routes in congested areas and along heavily traveled
arteries, at least during rush hours. However, parking can be
retained along streetswith “interior,” or median, buslanes or
along lightly traveled streets where bus bulbs are provided
for passenger convenience.
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TABLE 4-1 Typical BRT applications of traffic engineering techniques

Traffic Controls

Special Signsand Signal
Displays

Traffic Signal Controls

and Priorities Enforce-

Type of Running Way Curb
Parking
Restrictions

Left-Turn
Restrictions

Right-Turn
Restrictions

One-Way
Streets

Passive
Priority

Active ment

Signs Signals Priority

Busways

Tunnels

Grade Separated

At grade

Dgl:l
o
o
o
]

Freeway Lanes

Concurrent Flow

Contra Flow

Bus-Only Ramps

Priority at Metered Ramps

Oojgoio

Arterial Streets

Median Arterial Busway 0°

O
O
E
O

ol
O

Curb Bus Lanes ] ] 0

Dual Curb Lanes 0 0 0

Interior Bus Lanes 0 0

Median Bus Lanes 0

Contra Flow Lanes

Bus-Only Street

] ] |

Mixed Traffic Flow

Queue Bypass

NoTEs:

20nly at busway access points.

® On both busways and cross streets.

¢ Special left-turn phasing where left turns are permitted.

Curb parking can be prohibited at all times or just during
rush hours. When BRT uses curb bus lanes throughout the
day, it is possible to use distinctively colored pavements to
identify the lanes. As a general rule, curb parking should be
prohibited during busy traffic periods when traffic volumes
exceed 500 to 600 vehicles per lane per hour; the street oper-
ates at “Level of Service” E or F, automobile speeds fall
below 20 to 25 miles per hour, and the lane is needed for bus
or BRT use. Off-street loading areas are desirable along BRT
routes.

4-2.2. Turn Controls

Left and right turns can seriously impede BRT and gen-
eral traffic flow at many locations. The “right-turn prob-
lem” isusually critical in areas of heavy pedestrian activity
with both narrow corner radii and major pedestrian cross-
ings (e.g., often where stations are located.) These condi-
tions usually are found in the city center and older high-
density neighborhoods. Left turns, however, create
problems throughout the street system. They not only con-
flict with opposing through traffic, but they also may block
the vehicles behind them and complicate traffic signal
phasing.

Because of problems with left and right turns, left- and
right-turn restrictions are used in many urban areas to pre-
serve capacity and to reduce congestion. The controls may be
in effect al day, from 7 am. to 7 p.m., or during rush hours
only. From a BRT perspective, these controls are desirable.
The general principle is that when turns create problems,

they should be prohibited. At places where BRT and other
bus routes turn from one street to another, the buses gener-
ally should be exempted from any turn restrictions. Many
communities provide such exemptions.

4-2.2.1. Right Turns

Right-turn restrictions may be appropriate at |ocations
where BRT operates in mixed traffic, curb bus lanes, or
“interior” bus lanes and where both right turns and pedes-
trian volumes are heavy. Each pedestrian per channel takes
a specified time to cross the areain which there is conflict
with right turns; in effect, each pedestrian delays each right
turn by thistime. Thetime lost can be estimated by weight-
ing the time per pedestrian by the number of pedestrians
and right turns per signal cycle. The travel times gained by
restricting right turns can then be approximated from the
following equation:

At = P4
L

Where

At = green time to be gained per cycle,
r = right turns/cycle (peak 15 minutes),
p = conflicting pedestrians/cycle (peak 15 minutes),
ts = time per pedestrian (e.g., 3 to 4 seconds), and
L =number of pedestrian channels in crosswalk (e.g.,
1to 4).
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TABLE 4-2 Estimated timelost per cycle by conflicting right turnsand

pedestrian volumes

Typica Vaues of Time Loss per Cycle at 3 seconds per Pedestrian Channels
R/N. and P/N (lanes)
1Lane 2 Lanes 3 Lanes 4 Lanes
4 12 6 4 3
8 24 12 8 6
12 36 18 12 9
16 48 24 16 12
20 60 30 20 15
24 72* 36 24 18

NoTEs:

For a 60-second cycle, time loss should not exceed 25% of cycle or 15 seconds. Thus, vaues
below the boldface lines are not acceptable, and turns should be prohibited.

* = excess cycle length

R = right turns per hour

N¢ = number of cycles per hour
P = pedestrians per hour

Estimated time lost per signal cycle by conflicting right
turns and pedestrian volumes is shown in Table 4-2. For
example, if there were 300 pedestrians per hour conflicting
with 240 right turns per hour (5 and 4 per cycle), and 3 sec-
onds lost per conflict, about 20 seconds per cycle would be
lost, assuming 3 pedestrian channels. If the turns were pro-
hibited, the curb lane would then gain an additional 20 sec-
onds of effective green time. Thus, to ensure a minimum
effective green time of 25% of the cycle, it would be neces-
sary to prohibit the right turnsin this case.

4-2.2.2. Left Turns

Left turns at intersections along BRT routes may be per-
mitted when protected |eft-turn lanes are provided. In some
cases, special signal phases for the turns may be necessary.
However, |eft turns generally should be prohibited when the
turns share lanes with through traffic. Shared lanes cut lane
capacity by about 50%, delay through vehicles, and increase
accidents. One left turn per signal cycle delays 40% of the
through vehiclesin the shared lane.

When BRT operates in median arterial busways, it is
essential to either prohibit left turns from the parallel road-
ways or to provide protected signal phasesfor theturns. Pro-
tected signal phasing is also essential when there are multi-
ple left-turn lanes. When street patterns permit and there are
alternative street routings, prohibition of left turns along
BRT routesisdesirable. The prohibition will simplify traffic
signal phasing, reduce queues, and improve both bus and
general traffic flow. On a1-miletrip that takes 4 minutes (15
miles per hour), about 0.5 minutes are lost because of left-
turn delays. With the turns prohibited, the trip takes 3.5 min-
utes, a savings of 12.5%.

There are other waysto accommodate left turns, including
far-side “Michigan U-Turns’ and “Jersey Jug Handles.”
Both of these strategies convert left turns into right turns. 1f

space permits, these strategies for accommodating left turns
should be explored.

4-2.3. One-Way Streets

One-way streets can facilitate bus, automobile, and truck
flow. Traffic moves in one direction, thereby reducing con-
flicts and crashes, simplifying traffic signal phasing, and
improving traffic signal progression. The benefits of one-
way streets in improving safety and traffic flow have been
well documented. Travel time reductions of about 25% are
common, capacity may beincreased by 20 to 40%, and acci-
dents can be reduced by 10 to 50%. Thus, one-way streets
can improve BRT speed and reliability in both mixed traffic
and in buslanes. With wide spacing between bus stops, buses
can keep up with the signal progression, especially where
dwell times at stops are low. One-way streets are essential in
downtown street grids with narrow and closely spaced
blocks.

There are, however, several disadvantages to one-way
streetsfrom aBRT perspective. These disadvantagesinclude
the following:

* BRT service is divided into two parallel streets with
attendant lossesin BRT identity.

* Thestreetsmay preclude curbside passenger accesswhen
activities are located between the two one-way streets.

* When activities are concentrated along one street, pas-
senger walking distances are increased.

* Thenumber of curb faceswhere buses can pick up or dis-
charge passengers could be cut in half.

Sometimes, these concerns can be overcome by running
buses two ways on one of the streets (e.g., one directionina
contra flow lane). Figure 4-1 shows how a contra flow bus
lane can be used to keep buses going two ways on a central
areaone-way street grid. Busesareableto (1) eliminate three
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Figure4-1. Hypothetical network for one-way streets.

turns, (2) reduce bus mileage, and (3) maximize the presence
of buses on asingle street.

4-3. SPECIAL SIGNAGE AND SIGNAL DISPLAYS

Special signage and traffic signal displays are desirable
along BRT routes. They should beinstalled in general accord
with the provisions of the Manual of Uniform Traffic Con-
trol Devices for Streets and Highways, Millennium Edition
(MUTCD) (2001).

4-3.1. Traffic Signs

Standard diamond signs, used for bus and HOV lanes,
should be used for BRT running ways. As indicated in
Chapter 4 of the MUTCD, they can be placed over the lanes
or be mounted along the side of the roadway (2001). Their
spacing should be based on engineering judgment that con-
siders prevailing speeds, block lengths, and distances from
adjacent intersections.

Guidelines for the application of regulatory and warning
signsfor highway traffic at LRT crossingsare given in Chap-
ter 10 of the MUTCD (2001). These signs could be adapted
for use at intersections along at-grade busways on private
rights-of-way or in street medians.

Examples of these signs are provided in Figures 4-2a and
4-2b. The symbols and wording have been modified to depict
buses and buswaysinstead of LRT vehiclesand tracks. Their
application should be generally consistent with applications
set forth in the MUTCD.

4-3.2. Signal Displays

Traffic signal displays and locations should be consistent
with those set forth in the MUTCD aswell asthose specified
by local agencies. The “Transit Signal” displays for LRT
vehicles should be used for BRT, as appropriate. They are
applicable where buses operate (1) along median arteria
busways, (2) along at-grade busways on separate rights-of-
way, and (3) in queue bypasslanes. Therationaleisthat BRT
vehicles are, in essence, rubber-tired LRT vehicles. Exam-
ples of these signal displays are shown in Figure 4-3. BRT
traffic signals should be separated horizontally and vertically
from general traffic signals by adistance of at least 3 feet.

4-4. SIGNAL PRIORITIZATION

Busdelaysat traffic signalsaccount for 10 to 20% of over-
all bustravel timesand 50% or more of all delays. Therefore,
adjusting signal timing to expedite BRT, as well as general
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(Source: Adapted from Manual on Uniform Traffic Control Devices for Streets and Highways, Millennium

Edition, 2001)

Figure4-2a. Traffic signsfor BRT.

traffic flow, will improve bus speeds and reliability. The
underlying philosophy is to minimize overall person delay.
However, adjustments to favor BRT, which are often desir-

able, must be done selectively and carefully.

Traffic signa controls for BRT include passive, active, and
real-time prioritiesaswell as preemption (examplesof each are
provided in Table 4-3) (Final Report, 2001; Shen et a., 1998):

* Passive priority techniques are designed to improve

BRT speeds by modifying existing signal operations.
Signals should be timed to minimize delays to buses by
adjusting the signal cycle length and split, by minimiz-
ing the number of phases, by using short cycle lengths

I-12b

when practical, and by maximizing the green times
along BRT routes.

Special phases can be provided for BRT where they
conflict with other movements. They can be pre-timed
or actuated.

Activepriority techniquesadjust the signal timing after
abusis detected. They can advance or extend the artery
green time for oncoming buses within the established
signal cycle.

Real-timetechniques consider both automobile and bus
arrivals at a single intersection or a network of intersec-
tions. Applications have been limited to date and require
specialized equipment.
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Figure4-2b. Additional traffic signs for BRT.

* Preemption resultsin changesto thenormal signal phas-  trols, and signal phasing. Exclusive pedestrian phases should
ing and sequencing to provide aclear path for oncoming  be the exception rather than the rule.
buses. Because of itsimpacts to both signal coordination Median arterial busways will require additional phases to
and pedestrian safety, it must be very carefully applied. avoid turning conflicts between buses and automobiles. In
these cases, longer cycle lengths will be needed to accom-
modate conflicting movements and to provide sufficient time
4-4.1. Passive Signal Priorities for pedestrians crossing the artery. Some considerations for
phasing are the following:
Passive signal prioritiesimprove BRT speeds by modify-
ing signal operation within the established signal systemsto * Traffic signal sequences should have the artery left-turn
be more responsive. phase follow the through phase along the artery. Thisis
essential to avoid same-direction sideswipes—an acci-
dent problem that was reported along several median-

4-4.1.1. Number of Phases aligned LRT lines. The suggested sequence of signal
phases is shown in Figure 4-4.

The number of phases should be as few as possible. Basic * An additiona lane should be provided within the

two-phase operations should be encouraged, and complex busway for buses making left turns at signalized inter-

multi-phase operations should be avoided. This calls for sections. The signal phasing should provide a bus-

careful consideration of intersection geometry, traffic con- actuated protected movement for the buses turning left.
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Figure4-3. Typical LRT signals applicableto BRT.

Special signal phases are required in special circum-
stances. Someillustrative examples of specia bus phasesare
shown in Figure 4-5. The specia phases can be actuated (or
preempted) when busesarrive, or they can operate pre-timed.
Except for isolated locations, the special phases should be
part of overall background cycles.

4-4.1.2. Cycle Lengths

Cyclelengths should accommodate peak traffic flows, et
pedestrians cross safely, allow a reasonable allocation of

green time among conflicting flows, and permit coordina-
tion at desired speeds. Within this context, cycle lengths
should be as short as possible along BRT routes. A good
practical range is 60 to 90 seconds. Longer cycles (up to
120 seconds) should be limited to major multilane arterial
intersections, bridge approaches, expressways, and com-
plex multi-leg intersections. Longer cycles may sometimes
be appropriate during peak periods to provide more arterial
green time, to permit longer platoons, and to reduce the
number of start-up delays.

The shorter cycles have the effect of reducing red times
for buses—especially in bus lanes. For a 60-second cycle,
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TABLE 4-3 Bussignal priority systems

Treatment

Description

Passive Priority

Adjust Cycle Length

Reduce cycle lengths at isolated intersections to benefit buses

Split Phases

Introduce special phases at the intersection for the bus
movement while maintaining the original cycle length

Areawide Timing Plans

Preferential progression for buses through signal offsets

Bypass Metered Signals

Buses use special reserved lanes, special signal phases, or are
rerouted to nonmetered signals

Adjust Phase Length

Increased green time for approaches with buses

Active Priority

Green Extension

Increase phase time for current bus phase

Early Start (Red Truncation)

Reduce other phase times to return to green for buses earlier

Specia Phase

Addition of abus phase

Phase Suppression

Skipped nonpriority phases

Real-Time Priority

Delay-Optimizing Control

Signal timing changes to reduce overall person delay

Network Control

Signal timing changes considering the overall system
performance

Preemption

Current phase terminated and signal returns to bus phase

the likely maximum red time is 30 seconds, for multi-phase
operations on a 120-second cycle, the red times would be 60
to 80 seconds. This finding has also been reported in the
United Kingdom (Gibson, 1996).

Cycle lengths of 50, 60, 72, 75, 80, 90, 100, and 120 sec-
onds result in an “even” number of cycles per hour. This
enables BRT vehiclesto be scheduled at the same time on a
cycle-to-cycle basis each day.

4-4.1.3. Intersection Timing

The green times along BRT routes should be maximized.
Intersection timing should consider the relative numbers of
people moved per lane on each intersecting street rather than

merely the vehicle movements. This translates into provid-
ing as much green time as possible along BRT routes, while
still providing sufficient green time for pedestrians crossing
the BRT artery. This approach contrasts with the traditional
method of signal timing that considers the time needed by
pedestrians to cross each street at the intersection, the time
needed by traffic on each intersection approach, the individ-
ual phase requirements, and the relation to other signalized
locations along the strest.

4-4.1.4. Coordination

Traffic signals aong a BRT route should be coordinated
where signals are 1 mile apart or less. Coordination is most

oY

\

\

\ Transitway
BRT Median
Busway

v
Z

Note: BRT phases may be pre-timed or actuated

Figure4-4. Suggested traffic signal sequence for median arterial busways.
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Figure4-5. Examples of special bus phases.

effectivewhen signalsare spaced at uniformintervals. In some
cases (asalong streetswith heavily used buslanes), thesignals
can be set for buses. This practice is followed in downtown
Ottawa where bus speeds average 9 miles per hour (as com-
pared with 5 to 6 miles per hour in other city centers).

4-4.2. Active Signal Priorities

Active bus priorities at traffic signals extend or advance
the green time for oncoming buses within the established
cycles. Thus, they can further reduce BRT travel times and
running timevariability. Theseprioritiesareespecialy applic-
able when buses operate in mixed traffic. They will also ben-
efit BRT operationsin buslanes and median arterial busways.

As with other BRT priority treatments, the total person
minutes saved by BRT and other vehicles along the artery
should outweigh the increased delays to people in vehicles

on intersecting streets. More specifically, increases in green
time achieved by advancing or extending the green light are
desirable whenever the following conditions apply:

* The person minutes saved by bus and automobile pas-
sengersalong the BRT artery exceed the person minutes
lost by side street automobile drivers and passengers,

 Side street green time can be reduced and still provide
adequate clearance time for pedestrians, and

* Increased queues on side streets will be manageable.

4-4.2.1. Description

BRT vehicles can get preference at signalized intersec-
tions by advancing or extending the artery green time. Buses
are detected asthey approach theintersection by various detec-
tion technologies. This information is then transmitted to the
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master and local traffic signal controllers. Chapter 7 provides
technical details on various vehicle detection technologies
and their relation to AVL.

Bus detection should take place before buses reach the
stop line. When the detection occurs during the artery green
time, the artery green is extended to enable busesto clear the
signal. If the detection occurs during the yellow (clearance)
or red intervals, the green time can be recalled in advance of
its normal time. These timing adjustments reduce the maxi-
mum delay time to buses by reducing the red interval.

The basic transit priority concept is shown in Figure 4-6.
The modifications of artery green time are done within the
prevailing traffic signal cycleto maintain artery coordination
and to prevent successive signals along a street from operat-
ing on different cycle lengths. Guidelines for active signal
priorities include the following:

* A minimum side street green is required in each cycle.
It must provide adequate time for pedestrians to cross
the artery.

* Theartery green may be advanced up to aspecified period
beforeit takes place or extended up to thisamount after
it takes place.

* The artery green should not be advanced and extended
in the same cycle.

The extent that the artery green time can be increased will
depend on the side street volumes, coordination requirements,

NORMAL START OF
ARTERY GREEN

Note: A. The minimum side street green is required each
cycle.
B. If the Artery green is advanced, it should not be
extended in the same cycle, but
C. If the Artery green is extended, it should not be
advanced in the next cycle.
D. Yellow intervals are not shown
(Source: Levinson et al., 1975)

Figure4-6. Bussignal priority concept.

prevailing cyclelengths, and artery roadway width. The effects
of these factors on the additional greentimesareillustrated in
Figure 4-7. The green time can be increased the most at loca
tions where cross street volumes are light, but increases may
have to be limited at major intersecting streets. Increasesin
gueues on cross streets should be kept to a minimum. When
buses arrive every cycle or move frequently, it may be desir-
able to limit the amount of additional green time to avoid
gueue buildup on intersecting streets.

4-4.2.2. BusPriority (Preferences)

Bus priority at traffic signals can reduce transit travel times
and running time variability. Generally, about a quarter to a
third of transit delays in central areas are attributed to signals.
Priority at traffic signalsis applicable especialy when buses or
BRT operatein mixed traffic and when it isnot practical to pro-
vide bus-only lanes. Priority also can be provided for bus lanes
and at-grade busways. However, when busesarrive every cycle
(or more frequently), the amount of the additiona green time
should belimited to avoid queue buildup onintersecting streets.

Heavy pedestrian volumes, major (sometimesequal ) inter-
secting bus volumes, and frequent intersection spillback will
limit the benefits of bus priority at traffic signalsin the city
center. Consequently, the best potential for active signal pri-
ority is along arterial BRT routes at locations where side
street progression is not a significant factor.

Thereisarelatively narrow range within which the green
time can be adjusted in most cases. In Los Angeles, for exam-
ple, the maximum additional green timeis 10% of the signal
cycle. Bus delays were reduced with negligible impacts to
crossstreet traffic. The City of Los Angelesreported that bus
headways should not belessthan 2.5 to 3.0 minutesto enable
major cross streetsto recover from thetimelost (Final Report,
2001). These green (and red) time adjustments can be fine-
tuned to minimize total person delays.

4-4.2.3. Control Strategies

Several different control strategies can be used to reduce
the maximum delay time to buses by reducing the red inter-
val. They may be conditional (whenever thebusarrivesinthe
designated window) or unconditional (subject to certain con-
straints). Examples of strategies are provided in Table 4-4.
See Chapter 7 for further technical details. Some control strate-
gies are the following:

1. Buses can receive the additional green time when-
ever they arrive within the specified green time window
(unconditional).

2. Buses can receive the additional green time only when
they arelate. Thisrequiresintegration of thesignal detec-
tion with an automatic vehicle location and control sys-
tem (conditional).
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Figure4-7. Bussignal priority concepts for arterial streets.

TABLE 4-4 Elementsof signal priority control systems

Element

Examples of Possible Strategies

Highly Pedestrian clearance interval
Desirable

Allow pedestrian interval and clearance intervals to
expire before changing phases

Conflicts with emergency vehicles

Allow emergency vehicles to override bus priority
request

Minimum green interval of current
phase

Allow minimum green interval to clear for phase in
operation before changing phase to favor bus

Yellow change interval and al-red
clearanceinterval

Allow yellow change interval and all-red clearance
intervals to clear before changing signal to green
for bus

Optional | Selective response to buses

Provide priority only to buses running behind
schedule

Frequency of response to bus
priority calls

Once abus has received priority treatment, will not
provide priority treatment to other buses until one
full cycle has elapsed; may not alow priority
response more often than every other cycle.

Length of timeto hold green light

Will not extend green for buses beyond maximum

for bus green interval allocated to that phase
Effect of signal priority onsignal | After bus priority call handled, traffic signal returns
coordination to its coordination scheme within 30 seconds, even

if signal must skip a phase

Sourck: Rutherford et al., 1995.
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3. Advances and extensions can be more frequent than
every other cycle only when buses are late. This
requires tying the signal detection to the master traffic
signal control computer, asis done along Wilshire and
Whittier Boulevardsin Los Angeles.

4. New multi-phase (e.g., Type 2070) controllers can
provide additional green time for busesin each signal
phase. This is achieved by providing special “next
phase” softwarein each local intersection controller. A
schematic portrayal of this concept as compared with
the traditional application is shown in Figure 4-8. This
concept has been used on the Salt Lake City LRT line.
It isapplicablewhen BRT operates within median arte-
rial busways and other at-grade busways (conditional
or unconditional).

4-4.3. Signal Priorities for Queue Bypasses
and Gating

Active traffic signal priorities can be used in conjunction
with queue bypass buslanesto reduce delaysand to facilitate
reentry into the traffic stream. On arterial roadswherethereis
not enough space for a bus lane for the entire length of the
road, several agencies have installed queue bypasses. Short
lanes leading to the intersection are added so that the transit

Extension
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/Window [ Advance
|| ¥
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Figure4-8. Traditional and next phase signal preference
concepts.

vehicles can bypass the queue of automobiles and get to the
front of theline.

This technique can be enhanced by using signal queue
jumps, which allow the transit vehicles a few seconds head
start on the rest of the vehicles at the intersection. Buses are
allowed to reenter theregular lanesin front of the other vehi-
cles, thereby preventing bottlenecks downstream of theinter-
section. These lanes are found in several U.S. urban areas,
including Seattleand San Diego. In Seattle, ashort curb queue
bypasslaneislocated on Pacific Street and Montlake Boule-
vard, near the University of Washington. A bus-only queue
bypass operates on downtown Second Avenue as part of a
multi-block buslane. An advance green signal isalso provided
for the Airport Road HOV lanein Snohomish County. In San
Diego, a bus bypass lane at a signalized intersection in the
Mission Valley areais located between the right-turn lane
and the general purpose lane (Rutherford et al., 1995).

I'n conjunction with queue bypass buslanes, it isdesirable
to provide a bus-actuated advance green indication of about
5 to 10 seconds for buses. To avoid motorist confusion, the
standard “ Transit” signals should be used for bus movements.

Bus priority gating is a technique related to signal queue
bypasses. This technique stops non-priority traffic short of
the intersection while the priority traffic (buses) proceeds to
the main stop line. As the signal turns green, the buses pro-
ceed ahead of non-priority traffic. Bus priority gating is used
inafew citiesin Great Britain and in Berne, Switzerland. A
bus advance area before the main signalized intersection is
used to store buses and give them entry into the main inter-
section in advance of queued traffic. A set of pre-signalsholds
general purpose traffic, allowing buses to advance around the
general traffic queue.

Bus priority gating and advance areas can accomplish
several objectives: (1) they can be used when abus lane is
ending to enable busesto reenter thetraffic stream, (2) they can
be used to allow busesto jump to the front of aqueue at atraf-
fic signal after they have picked up passengers at a bus stop,
and (3) they can dlow buses to jump ahead of other traffic to
crossover lanesto reach the left-turn lane without obstruction.

Figure 4-9 shows how gating can facilitate buses making
left turns from a curb bus lane on approaches to an inter-
section. The advance area should be able to store at least two
buses per cycle (e.g., about 100 to 150 feet). The block spac-
ing between street intersections should be at least 400 feet.
Theartery traffic signalsfor general purposetraffic would be
green at the sametime at both intersections. On actuation, the
bus lanes would get the green indication during the phase in
which the cross-street traffic moves.

4-5. ENFORCEMENT

The successor failure of aBRT project iscritically depen-
dent on keeping running ways clear of improper use by auto-
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mobiles, taxis, and trucks. Public perceptions of violations
can ultimately affect the respect and support for BRT. There-
fore, effective enforcement and monitoring of BRT running
ways and traffic regulations are essential.

4-5.1. Enforcement Agencies

Enforcement policies, programs, and activities involve
various groups and agencies. These groups include state
DOTs, transit agencies, state and local police, state and local
judicial systems, local municipalities, metropolitan planning
organizations, rideshare agencies, and federal agencies. Key
elements of enforcement activities include the following:

e Lega authority,
 Citations and fines,
* Genera enforcement strategies,
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* Specific enforcement technol ogies,
* Funding, and
e Communication techniques.

Enforcement should be done by the jurisdictions that have
primary responsibility for the BRT facility. Typically, munic-
ipal police monitor city streets, and state police monitor
freeway-related facilities. However, it may be desirablefor
special transit agency police to enforce busways and other
running ways. The type of enforcement will depend on the
specific running way treatment. Examples of enforcement
problems and potential approaches for various types of run-
ning way are given in Table 4-5.

Some running way designs are deterrents by themselves
because of the different types of operationsand driving behav-
iors. Tolerableviolation rates on urban streets should be much
lower than those on limited-access highways; to accomplish
this, urban streets will require more rigid enforcement than
busways.

4-5.2. Enforcement Strategies

Past studies have classified enforcement strategies by
highway and police patrols into one of three categories. rou-
tine enforcement, special enforcement, or selective enforce-
ment. Routine enforcement is randomly conducted, whereas
special enforcement entails specific planning including team
patrols and roving or stationary enforcement patrols. Selec-
tive enforcement combines the two strategies and may focus
on problem locations. The latter two strategies are only con-
ducted on a short-term basis because of their high cost, and
they may not have an immediate impact on violation rates. A
passive approach has patrols reroute violators to a more cir-
cuitousroute; violatorsthereby encounter atravel-time penalty
in their trips. To facilitate enforcement, special enforcement
areas should be located along BRT bus lanes where space
exists. Video surveillance of violatorsis desirable.

Enforcement of bus lanes should include both fines and
towing. Fines for illegal use of bus lanes and curb parking
violations should be set at high levels (e.g., $50 to $250 per
violation). There should be an aggressive towing program for
illegally parked vehicles along bus routes and in bus lanes.
Immediately towing and impounding violating vehicles has
proven effective.

Another means for managing violators of restricted lanesis
through penalties and public awareness. In addition to levying
fines, some states give penalty points that are put against a
driver’ srecord. Public outreach, such as posting penalty infor-
mation on signage, also has been used to educate motorists
about regulations along the targeted roadways. The California
DOT found that the number of citations declined by 61% when
fines were posted.
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TABLE 4-5 Enforcement strategiesfor running ways

Treatment Typical Violations

Enforcement Strategies

Median lane,

Unauthorized use of exclusive lane

Public education and heavy enforcement

concurrent flow

Illegal left turn across exclusive lane

Identification and enforcement of upstream
violators

Use of closed left-turn bays for patrol-car
observations as apprehension areas

Transit marketing and good design for bus
access to exclusive lane

Bus lane, curbside

concurrent flow lane

Illegal parking and stopping in bus

Use civilian agents or provision of police
incentives

Unauthorized use of exclusive lane

Public education and posting of fines

Illegal left turns and crossing of
contraflow lane

Heavy initial enforcement and towing of
parked vehicles

Illegal pedestrian maneuvers

Passive enforcement and travel-time penalty
Special enforcement on opposite curb lane
Continuing enforcement

Median lane, Unauthorized use of buslane

Design features of self-enforcement

contraflow Illegal left turns and crossing of

contraflow lane by pedestrians

Adequate lane markings and signing

|ane by pedestrians

Inattentive crossing of contra flow

Concentrated enforcement at intersections

Curb lane, contra

Illegal parking, stopping, or standing

Use of monitors for peak-hour enforcement

flow Illegal pedestrian and bicycle Use of monitors for peak-hour enforcement,
movements plus heavy fines and immediate towing to
penalize violators.
Bus-only streets Unauthorized use of bus street Little enforcement required

Illegal crossing by pedestrian

Signal preemption
party

Transmitter held by unauthorized

Routine traffic enforcement measures

to phase changes

Running of red light by motorists due

phase

Running of red light by bus operator
because of pre-anticipation of green

Source: Adapted from Rutherford et al., 1990.

In the greater Houston, Seattle, and Washington, D.C./
Northern Virginia areas, the “HERO” program has become
an important part of bus and HOV lane enforcement and
public education. This program allows witnessesto call and
report violators of the restricted lanes. At the same time,
“HERQO” provides the opportunity to educate violators. An
initial evaluation report in Seattle indicated aone-third reduc-
tion in violation rates after the “HERQO” program was estab-
lished. The proliferation of cellular phone use has made this
program even more effective.

4-5.3. Enforcement Technologies

Various technologies can be employed for monitoring and
enforcement. Some strategies use TV monitors to direct
enforcement. Another, perhaps more controversial, form of
enforcement uses Photocop applications, in which violators
receive a picture and fine in the mail. (Rutherford et al.,
1990).

The use of ITS sensors as an enforcement technology is
also being explored. This technology usually relies on auto-
matic vehicle identification (AV1). A pilot system in Dallas,
the HOVER system, showed promise by using acombination

of AVI, video cameras, and infrared machine technologies.
Portland, Oregon, has conducted an operational test of AVI,
in which registered car pools and buses are issued vehicle
identification cards that are read at entrance ramps. Northern
Virginiaand California apply various audio and video tech-
nigues to detect violations and then issue citations by mail.
The Texas Transportation Institute is investigating ways of
using roadside readers. The Georgia Institute of Technology
is studying methods that use scanning radiometers to deter-
minethe number of peoplein automobiles. These I TS-related
strategies are mainly applicable on busways and freeway bus
lanes. Use of colored pavements (e.g., green in New Zealand
and Ireland, yellow in Brazil and Japan, and maroonin France)
has been shown to ease enforcement problems.
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CHAPTER 5
BRT STATIONS AND FACILITIES

Bus stops, stations, and terminals, as well as associated
facilities such as park-and-ride lots, form the interface
between passengers and the BRT system. These facilities
should be convenient, comfortable, safe, and accessible to
passengers with disabilities. These facilities should support a
strong and consistent identity for BRT inthe community while
respecting and enhancing the surrounding urban context.

Facilitiesdesign for BRT issimilar to that for LRT, asboth
modes can operate in awide variety of running way environ-
ments, most often on the surfacein urban settings using exclu-
sive or semi-exclusive rights-of-way. Cities that have both
LRT and BRT systems (e.g., Rouen and Paris) use the same
basic station design for both modes. However, BRT’s flexi-
bility and diverse operating environments present unique
challenges and opportunities for the facilities designer that
arenot often encountered in the design of LRT or other fixed-
guideway transit modes.

This chapter sets forth the primary considerations in the
planning and design of BRT stations and facilities, with an
emphasis on issues and elements that are unique to the
mode. For detailed discussions of those principles that are
common to all modes of transit (such as determining pas-
senger circulation and waiting arearequirements), the reader
should refer to information contained in sources such as
TRB’s HOV Systems Manual (Texas Transportation Insti-
tute et al., 1998); NCHRP Report 155: Bus Use of High-
ways: Planning and Design Guidelines (Levinson et al.,
1975); the Transportation Engineering Handbook (Pline,
1999); the "Geometric Design Guide for Transit Facilities
on Highways and Streets' (NCHRP Project 20-7[Task 135])
(Parsons Brinckerhoff Quade and Douglas, 2002); the Tran-
sit Capacity and Quality of Service Manual (Kittelson and
Associates, Inc., 1999); and TCRP Report 19: Guidelinesfor
the Location and Design of Bus Stops (Texas Transportation
Institute, 1996). Volume 1 of TCRP Report 90, Case Stud-
iesin BusRapid Transit, provides awealth of valuableinfor-
mation about existing BRT facilities applications.

5-1. SYSTEMWIDE DESIGN AND URBAN
DESIGN INTEGRATION

One of the most important roles of BRT facilities design
is to support an appealing, cohesive visual identity for the
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transit service while at the same time reflecting the varying
character of the neighborhoods and districts in its service
area. Some important aspects of BRT facilities design are
the following:

* High-Quality Design and Passenger Amenities. High-
quality design—with particular attention to passenger
amenitiessuch asshelters, seating, and lighting—supports
a positive public perception of the transit service. This
is particularly important for BRT, which must over-
come negative stereotypes of bus passenger facilities
(e.g., small prefabricated bus shelterswith poor lighting,
minimal signage, and few amenities) that often hamper
public support for the mode.

* BRT asan Urban Design Asset. Although integration of a
BRT guideway into an urban setting presents many chal-
lenges, it also presents an opportunity to improve and
enrich streetscapes by incorporating new amenities such
as landscaping and recregtiona trails (Figure 5-1).
Because guideway construction may displace lighting,
sidewalks, and street furniture, these elements can and
should bereconstructed or replaced so asto reinforce new,
unified design themes. The Orlando Lymmo systemisan
excellent example of such an approach (see Photo 5-A).

* Elements of Continuity and Variability. In addition to
projecting an image of quality and safety, BRT running
ways and stations should support an integrated system
identity, keeping the transit service visible and recog-
nizable to the community as a distinct “brand.” Thisis
accomplished by establishing consistent themes of form,
material, and color and applying these themes in the
design of one or more system elements such as shelters,
signage, guideway pavements, street amenities, and even
vehiclelivery. Rouen demonstrates how the BRT guide-
way can maintain a consistent yet respectful presencein
varying urban environments (see Photo 5-B).

* Context-Sensitive Design. Although a cohesive,
branded identity is desirable for the transit service, it
is of equal, or greater, importance that BRT facilities
recognize the unique character of neighborhoods and
districts served by the system. BRT service areas may
extend across a wide variety of urban environments
and penetrate into the smallest neighborhoods. Sys-
temwide design themes must be sufficiently flexibleto



Figure5-1. BRT guideway in urban setting.

encourage an appropriate balance with the diverse
characteristics of neighborhoods. The designer must
apply judgment on a project- and site-specific basisto
determine the appropriate balance between system
continuity and contextual design.

* Relationship of Transit to Land Use. Aswith all modes
of public transit, BRT alignments and station locations

should beintegrated with current and futurelanduse. In -~ Photo 5-B.  Rouen guideway.
general, higher-density, mixed-use devel opment ismost
favorable to transit because it generates greater patron-
age, and guidewaysand stations can often be more effec-
tively integrated into such development. It should be
noted that when evaluating potential alignments using
abandoned railroad rights-of-way, it isimportant to bear

in mind that such rights-of-way may not serve high-
density areas as well as existing streets.

* Community Participation. Station locations and designs
should be devel oped cooperatively with the surrounding
community. Community support is essential in identi-
fying and assessing potential sites for transit facilities
and for developing design concepts.

5-1.1. Station Location and Spacing

BRT station location and spacing are primarily intherealm
of operations planning becausethey strongly influence patron-
age and operating speeds. However, certain fundamental plan-
ning principles will be of interest to the facilities planner.

Asagenera rule, BRT stations should be placed asfar apart
as possible, particularly on trunk lines. This is essentia to
achieving high operating speeds and minimizing trip times.
However, station spacing will vary according to thetypeof run-
ning way, development density, and mode of arrival. Suggested
guidelines for BRT station spacing are provided in Table 5-1.
Generdly, the pedestrian arrival mode occurs most often in
Photo 5-A.  Orlando Lymmo. urban cores, and the automobile arrival modeismost often seen

(Photo Credit: HHI, Orlando, FL)



TABLE5-1 Typical BRT station spacing

Main Arrival Mode Spacing (Miles)
Pedestrians 0.25-0.33
Bus 0.5-1.0
Automobile 2.0

in the suburbs. However, these are by no means hard-and-fast
rules. Because BRT operates in awide variety of urban envi-
ronments, a single route may include in-street, pedestrian-ori-
ented collector service in smaller neighborhoods that joins
trunk-line service in the secondary and primary urban cores.

Station location should be keyed to major passenger con-
centrations such as business districts, large office complexes,
and employment areas; universitiesand high schools; cultural
and recreational centers; and major residential areas. Stations
should be placed where major bus routes and/or mgjor arte-
rial roadways cross or converge at the BRT line, and stations
should be configured to provide a safe environment.

5-2. STATION DESIGN

This section examines key issues common to design of all
BRT stops, stations, and terminals. Theseinclude operations
planning issues, fare collection, passenger amenities, illumi-
nation, safety and security, and barrier-freedesign. BRT plat-
form characteristics are discussed in Section 5-3.

5-2.1. Operations Planning Issues

Operations planning issues are a strong influence on BRT
station and guideway design. The flexible, diverse nature of
BRT presentsissues and challenges that are less common in
other fixed-guideway transit modes. Two operations plan-
ning issues that require consideration are the following:

» Platform Requirements. Close coordination with bus
operations plannersis essential in planning stations and
terminals. Critical program information includes the
number of berths needed for revenue service (and lay-
over where applicable) and the type of service (e.g.,
determining whether bus routes will be scheduled
and/or assigned to berths, which requires independent
bus entry and exit).

* Bypass Capabilities. BRT operating planstypically pro-
vide both express and all-stop service; it is therefore
necessary that express buses be able to bypass buses
dwelling in stations. Bypass lanes are essential for bus-
only roads (or busways) located on separate rights-of-
way and are desirable (where space permits) for median
arterial busways. Buses using curb lanes can use adja-
cent travel lanes as needed. When spaceis limited, sta-
tion platforms may be offset to provide far-side stops
with offset passing lanes (see Figure 5-4 for an example
of offset bypass lanes).
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5-2.2. Fare Collection

Fare payment and collection policies aso have a strong
influence on the design of passenger facilities. Unlike con-
ventiona transit bus service, BRT often uses off-board fare
collection to reduce dwell times and improve the passenger
experience by accommodating multiple-door boarding and
alighting. (Multiple-door boarding and aighting is essential
for high-volume BRT applications.) Off-board fare collec-
tion may be accomplished in one of two ways:

* Controlled Access. The station environment is divided
into free and paid areas. Passengers pay a fare to pass
through turnstiles or other control devicesinto the paid
area of the station. To limit public access, the paid area
isenclosed by fare barriers. Thisarrangement, common
in grade-separated BRT systemsaswell as other modes,
isdifficult to implement in on-street stations, asthe bar-
riers are physically and visually obtrusive. Bogotaisan
example of a controlled-access station in an on-street
median. Note that apaid areais very difficult to imple-
ment for curbside running ways.

* Proof of Payment. Under this arrangement, passengers
purchase fares in advance of boarding the vehicle (either
a multiple-journey pass or single-ride fare), and are
required to carry apassor receipt proving that thefare has
been paid. Enforcement is usually performed by police
who check asampling of passengersfor proof of payment.
This eiminates the need for fare barriers, but places an
added burden on personnel and increases operations costs.

5-2.3. Passenger Amenities

Public acceptance of BRT can be hampered by negative
stereotypes about bus service. Passenger amenities can help
to overcome this public-perception issue and should receive
ahigh priority in BRT passenger facilities. Some of the more
important amenities include the following:

* Shelters. Shelters should be provided at every BRT sta
tion and stop. Ideally, sheltersextend thefull length of the
platform so that all vehicle doors are protected. Although
high-quality prefabricated shelters are available, consid-
eration should be given to larger, customized sheltersthat
provide added amenitiesand foster asense of permanence
(seethe Los Angeles Metro Rapid system shelters shown
in Photo 5-C). Shelters provide overhead shade in warm
climates and protect riders from precipitation in al cli-
mates. To provide protection against wind and wind-
driven precipitation, at |east one side of the shelter should
have awindscreen (inthe coldest climates, shelters should
have windscreens on at least three sides, as shown in
Photo 5-D). In areas with the coldest winter climates,
timed radiant heaters should be considered, although they
have disadvantageswith regard to maintenance, operating
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Photo 5-C. Los Angeles shelter.

costs, and vandalism concerns. Shelter roofs should be
configured to direct rainwater and snow away from the
vehicleside. Sheltersshould incorporate materialsthat are
readily available, durable, easy to maintain, and vandal
resistant. See Section 5-2.6 for dimensional information.

* Passenger Information. All BRT stops and stations
should provide some form of consistent passenger infor-
mation, including the following:

* Sgnage and Graphics. Bold, prominently placed sta-
tion identification signage, transit route maps, and

Photo 5-D. Vancouver shelter.

local neighborhood maps should be placed in consis-
tent locations at each station and use common sys-
temwide design themes. Signage and graphics should
readily distinguish BRT stations from regular bus
stops. If advertising isto be present at stops and sta-
tions, the systemwide facility design should establish
specific locationsand formatsthat do not conflict with
directional and informational signage. Tactile sig-
nage and audible information may also be used to
serve persons with visual impairments.

* |TS Displays. Real-time, variable message signs
should be provided at station entriesand on platforms
to provide “next bus’ and systemwide schedule and
delay information at each platform. This amenity
should receive serious considerationin all systems, as
it is greatly appreciated by passengers.

* Sreet Furniture. Whenever possible, stopsand stations
should accommodate waiting passengers by providing
seating and/or leaning rails and trash receptacles.

* Other Amenities and Facilities. Other useful passen-
ger conveniences that may be warranted at stops and
stations include hicycle racks, newspaper vending
equipment, and public telephones. These elements
should be placed at consistent |ocations with respect
to the station entrance and platforms. Larger and/or
enclosed station or termina facilitiesmay also provide
drinking fountains, restrooms, and expanded retail
services such asfood and beverage concessions, news-
stands, convenience stores, and bank ATMs.

5-2.4. lllumination

Adequate lighting of station buildings, platforms, walk-
ways, roadways, and parking areasis essential to the attrac-
tiveness, safety, and security of the BRT station environ-
ment. All lighting should be configured to simplify
relamping and be vandal resistant. Lighting on open plat-
forms should be in the range of 5 footcandles, with areas
beneath canopies increased to 10 to 15 footcandles. Light-
ing type and illumination levels should be planned in coor-
dination with adjacent, exterior public spaces. Lighting
guidelines for parking facilities, streets, and sidewalks can
be found in the Illuminating Engineering Society of North
America' s Value of Public Roadway Lighting (1987) and
AASHTO's Guide for the Design of Park-and-Ride Facil-
ities (1992).

5-2.5. Safety and Security

Both actual security and the passenger’s perception of
security are essential to safe operation and public acceptance
of thetransit system. Security provisionsare essential because
BRT stops and stations are likely to be open for extended
hours, and many stations are likely to be unattended.



Visibility isthe single most important attribute of security.
Passengers should be able to see their surroundings and be
seen from locations within and outside the station. Platforms
should be sited so that there is an unobstructed view to and
fromthe street or apublic way. Abrupt or “blind” cornersand
dead ends should be avoided in pedestrian walkways. Shel-
ter walls should be glazed so that persons and activity within
can readily be observed. Staffed stations should be designed
to maximize the station agent’s view of the platform and
adjoining passages. Landscaping should be planned so asto
not obscure visibility. Ample lighting is also essentia to
effective and perceptible security; see Section 5-2.4 for addi-
tional information.

Security equipment that may be warranted at stations
includes closed-circuit television monitoring and prominently
placed emergency call boxes. It isimportant to stressthat these
items should be used to supplement, not replace, the funda-
mental principles of station visibility and adequate lighting,
discussed in the previous paragraph.

5-2.6. Barrier-Free Design

BRT stations should be accessible to persons with
impaired mobility. In the United States, station design
must comply with the Americans with Disabilities Act
Accessibility Guidelines (ADAAG) (2000). The facilities
designer must be familiar with the applicable guidelines,
which consider factors such as pathway width, space for
wheelchairs, grades, treatment of obstructions, and place-
ment and design of signs. Chapter 10 of the ADAAG
specifically addressestransportation facilities; a brief sum-
mary of the guidelines specific to bus transportation facil-
ities follows (state and local building codes must also be
consulted in addition to the ADAAG, as standardsin some
jurisdictions are more stringent):

* Busshelters must be accessible from apublic way viaan
ADAAG-compliant accessible route that leadsto aclear
area entirely within the shelter, with a minimum clear
floor area at least 30 inches long and 48 inches wide.

¢ |f avehicle-mounted lift or ramp is to be employed for
wheelchair access, a clear area that is 96 inches long
(measured perpendicular to the vehicle) by 60 inches
wide (measured parallel to the vehicle) is required for
lift deployment and wheel chair maneuvering. The cross
slope of thisareaislimited to 2%, measured perpendic-
ular to the vehicle.

* New signage must meet ADAAG standards for charac-
ter height, proportion, finish, and contrast (bus schedules
posted at stops are exempted from this requirement).

5-3. BRT PLATFORM CHARACTERISTICS

BRT presents a unique array of options and requirements
for platform design. This section presents planning consider-
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ationsfor platformsin all BRT station types, including dimen-
sional guidelines, berth configurations, and platform height
and vehicle-interface issues.

5-3.1. Berth Quantities and Platform Dimensions

The platform length will generally be governed by the
number of bus berthsrequired. This should be based on the
design bus volumes and service times at any given station.
These berth capacities can be based on the guidelines con-
tained in Appendix A, and a margin of safety is highly
desirable. Asageneral rule, two to three loading positions
per platform should be provided along busways. Terminals
and major intermodal facilities will usually have more
bays, as multiple routes will terminate and originate at
these stations.

5-3.2. Platform Width

Platform width is determined by ADAAG, patronage, and
vertical circulation requirements. A minimum clear width
of about 10 to 12 feet is desired at curbside bus stops and
busway side platforms. For center platforms, a 20- to 25-foot
width isdesirable. Platform width should accommodate peak
15-minute ridership, using a planning horizon at least 5 to
10 years in the future. Passengers should be able to “clear”
the station before the next bus (or group of buses) arrives.
Similarly, there should be adequate space to avoid spillback
on platforms, especialy when fare collection facilities are
provided. The facilities planner should consult Pedestrian
Planning and Design (Fruin,1987) for complete pedestrian
planning guidance. Appendix B contains details on pedes-
trian capacities and service levels.

5-3.3. Berth Types

Bus berth configurations are strongly influenced by the
running way configuration and service plan. Thelatter fac-
tor is particularly important because the facility may need
to accommodate scheduled operations, in which buses
arrive and depart at set times, and therefore must be able to
independently enter and exit their berths. Thisflexibility is
not required for headway-based operations. In all cases,
driving lanes should be wide enough for buses to pass a
disabled vehicle.

Linear parallel berthsarewell suited to most BRT online
stations. They require an additional 11 to 12 feet of space
beyond the travel lane. There are two linear berth arrange-
ments. The typical arrangement (see the In-line Platform
Typical Berth in Figure 5-2) is for buses to approach and
departinasingleline. Thefirst busto arriveisthefirst bus
to depart. For planning purposes, 5 to 10 feet between
dwelling vehicles should be assumed. Thus, a typical
two-berth design for 60-foot-long articulated buses along
linear platformswould be about 130 to 140 feet. Thisisthe



5-6

1. IN-LINE PLATFORM
TYPICAL BERTH

2' MIN TO WALL
rkL A" ¢ OR FENCE

2
=

L

2. IN-LINE PLATFORM - INDEPENDENT ARRIVALS

NORMAL BERTH

———

2" MIN. TO WALL

'/ OR FENCE

—_——

—_—

e
H“"""-—-_

¥

22' MIN.

3. SHALLOW SAWTOOTH PLATFORM

B N2 TAIL OUT ‘
®

2" MIN. TO WALL
CE

: OR FEN

B i

(Adapted from Levinson et al., 1975 and Fuhs, 1990)

Figure5-2.

most space-efficient configuration. An alternate configu-
ration (see the In-line Platform—I ndependent Arrivals Nor-
mal Berth in Figure 5-2) requires that buses approach the
parallel berth from an adjacent travel lane. This allows
independent entry and exit, but it requires greater operator
skill and more platform length.

Shallow sawtooth bays (see the Shallow Sawtooth Plat-
formin Figure 5-2) allow independent entry and exit and are
desirable at terminals. They require aminimum 19- to 20-foot
envelope beyond the travel lane for 40-foot buses and an
envelope of approximately 23 to 25 feet for 60-foot articu-
lated buses.

Head-in angle docking bays are generally limited to inter-
city operationsand should be avoided in BRT aswell asother
transit bus operations because they require the busto back up
to leave the stall. These docking bays should be considered
only when dictated by space limitations at major terminals,
where buses operate at long headwayss.

I Travel Lane
— — —— ——2'MIN T
© |
SINGLE UNIT ARTIGULATED
BUS BUS
L 40’ 60'
® 80’ 100°
45' 65'
© 65' 85'

[llustrative berth configurations.

5-3.4. Side Platform Configurations

Several options exist for the placement and height of plat-
forms. Table5-2 provides platform featuresfor selected BRT
systems. Side platforms may be placed in tandem (opposite
each other) or staggered. Two platform configurationsarethe
following:

* Tandem side platforms may be used on dedicated bus-
ways with grade-separated pedestrian crossings.

» Staggeredfar-side platformsare desirable along at-grade
busways, median arterial busways, and in most curbside
operations, especially at signalized intersections. They
prevent right-turn conflicts, are more conducive to pref-
erential signal treatments, and may allow left-turn lanes
and platformsto usethe same envelope. At stationswith
at-grade pedestrian crossings, they alow pedestrians to
crossto the rear of stopped buses.



TABLE 52 Station platform featuresfor selected systems
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CITY/SYSTEM LOCATION LENGTH PLATFORM PASSING OFF-VEHICLE
FEET (BUSES) HEIGHT LANES FARE
COLLECTION
BUSTUNNELS
BOSTON (SILVER LINE) SIDE 220(3) LOW LIMITED YES
SEATTLE SIDE @) LOW YES NO
BUSWAYS
BRISBANE SIDE (2-3) LOW YES NO
MIAMI SIDE (2-3) LOW YES NO
OTTAWA SIDE 180(3) LOW YES NO
PITTSBURGH SIDE 120-240 LOW YES NO
MEDIAN ARTERIAL
BUSWAYS
BELA HORIZONTE SIDE 1-4 LOW YES NO
BOGOTA CENTER 130-490 HIGH YES YES
CURITIBA SIDE 80(4) HIGH YES YES
QUITO SIDE
CENTER (1) HIGH NO YES
SAO PAULO SIDE 2-3 LOW YES NO

Source: Levinson et al., 2003.

5-3.5. Center Versus Side Platforms

Side platforms are most commonly used along busways
because they are compatible with conventional busdoor con-
figurations (bus doors are typically on the curb side of the
vehicle, or theright sidein North America). Center platforms
(commonly used in rail stations) are rare in BRT because
they require either contra flow operations with conventional
buses or vehicleswith one of the following nonstandard door
configurations:

* Dual side doors that add expense and reduce seating
capacity or

* Left-sidedoorsthat limit use of the vehicleon city streets
or in conventional stations (left-side or dual door vehi-
clesare found in afew existing bus systems such as the
tracklesstrolleys in Cambridge, M assachusetts).

If these disadvantages can be overcome, center platformsoffer
more efficient use of passenger facilities and equipment (par-
ticularly vertical circulation) and may yield anarrower over-
all station envelope.

5-3.6. Platform Height and Vehicle Interface

Together with off-board fare coll ection, the platform/vehicle
interface has a strong influence on passenger experience and
boarding speed. Level boarding minimizesthe horizontal and
vertical gap between the platform edge and vehicle door
threshold. This speedsboarding for all patronsand also allows
wheelchair users to enter the vehicle without a lift or other
stance. For wheel chair access on fixed-guideway systems,
ADAAG allows amaximum vehicle floor-to-platform gap of

3 inches horizontally and % inch vertically. Although the
ADAAG requirement for busesis not as stringent, thisisthe
standard to meet for the highest-quality, barrier-free access.
For a bus and platform to meet this standard, some form of
precision docking system (or avehicle- or platform-mounted
retractable ramp or bridge plate) is required, the platform
height must match the vehicle floor height, and the platform
must be located along a tangent section of roadway .

Vehicle-based precision docking systems include opti-
cally guided steering (as used in Rouen) or mechanically
guided systems (as used in Adelaide and Essen). These sys-
tems are needed to accurately steer the vehicleinto alignment
with the platform; ahuman driver cannot repeatedly dock the
bus with the accuracy required. The platform itself may be
detailed to provide a precision docking interface; one tech-
nology under development isthe Kassel Curb, aconcrete curb
with a concave profile on its street face. The driver steersthe
bus so that the bus tires are forced against the curb, which in
turn places the busin the proper alignment with the platform
edge. This system has been shown to meet the ADAAG gap
standard in regular use, but it ishighly reliant on the skill and
diligence of thedriver. It may also acceleratetire wear because
of repeated contact with the curb, and the curb height must
be coordinated to avoid conflicts with wheel nuts and vehicle
door operations.

High-platform stations are most commonly found in
heavy rail rapid transit and occasionaly inlight rail systems.
Although high-platform stations are found along BRT lines
in Bogota, Curitiba, and Quito, the trend toward low-floor
vehicles has reduced their desirability. In comparison with
low platforms, high platforms are more expensive, occupy
more space (lengthy pedestrian rampsare required for wheel-
chair access), are visually obtrusive, and are likely to require
a specialized vehicle with greater headroom than a conven-
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tional transit bus. They aso limit BRT serviceto placeswith
high platforms, thereby greatly limiting the flexibility of bus
operations. ADAAG requiresthat high platforms be equipped
with detectablewarning edge treatments such asa24-inch strip
of color-contrasting material with raised, truncated domes.

L ow-platform stations are becoming increasingly com-
mon as more |ow-floor buses enter service. Low-floor vehi-
cles generally have a floor approximately 12 to 15 inches
above the driving surface. This platform height is much
more readily integrated into atypical in-street environment.
Although ADAAG does not explicitly require a detectable
warning on alow bus platform, this kind of platform is still
significantly higher than a normal sidewalk, so it is good
practice to use the warnings.

Vehicle-based lifts are used by some systems to provide
accessfor persons with disabilities using sidewalks and plat-
formsat conventional curb height. Although common, thisis
not the most desirable approach for new construction
because the lift adds significantly to dwell times and has an
adverse impact on system reliability. The lift also requires
intensive maintenance in order to provide reliable service.

Bridge plates that are vehicle or platform mounted and
retractable are used by some systemsto provide abarrier-free
boarding interface without use of a precision docking system.
Thevehicleismanually steered ascloseto the platform as pos-
sible, and the plate is then deployed to bridge the remaining
gap. Like lifts, retractable ramps and bridge plates adversely
impact dwell times and require regular maintenance in order
to provide reliable service.

5-4. STATION CONFIGURATION

This section presents various BRT station types. The sta-
tion configuration will reflect the type of running way; bus
service frequency and operating plan; vehicle type, length,
and door configuration; transit operating plan; and fare col-
lection policy. Station configurations should be simple and
consistent across the system. BRT station facilities fall into
three broad categories:

* Busway, or on-line stations;

* Intermodal and terminal stations; and

* Conventional, in-street stops served by buses in mixed
traffic.

5-4.1. Busway Stations

Busway or on-line stations are found in two basic config-
urations:

* Grade-separated busways, including freeway medians,
and

* Street-level busways, which may operate in a median
reservation, in acurbside restricted lane, or in aninterior
lane (see Chapter 3).

5-4.1.1. Grade-Separated Busway Sations

Grade-separated busways (as in Brisbane, Ottawa, and
Pittsburgh) provide passing lanes in each direction at sta-
tions. A station design concept is shown in Figure 5-3. Prin-
cipal features of stations on grade-separated buswaysinclude
the following:

* A four-lane station envelope, with two bus lanes pass-
ing through the station in each direction—one lane for
dwelling vehicles at the platform and a bypass lane for
express buses.

* Minimum 1:30 roadway tapers on each end of the station.

A fenced 4- to 5-foot median center island to prevent or
control at-grade crossings.

e 12- to 15-foot side platforms.

* Where warranted, a climate-controlled station building
housing vertical circulation, fare collection, and retail
services. The station building can be located over the
busway or along one side of it, as shown in Figure 5-3.

When busways operate in a grade-separated environment,
cross-station pedestrian access must be carefully controlled.
This is best accomplished with grade-separated walkways
(asiin Brishane, shown in Photo 5-E), connected to the plat-
forms by stairways and/or escalators, and elevators.

When it is impractical to provide grade-separated pedes-
trian access between platforms, staggered, far-side platforms
should be used, and the central median barrier may be opened
to allow aclearly delineated, at-grade pedestrian crossing at
therear of each platform. To ensure pedestrian safety, at-grade
pedestrian crossings must be eval uated on asite-specific basis,
considering anticipated bus operating speeds and volumes,
transit patron age profile, and sight distances. With bypass
lanes, minimum station envelopes of about 75 feet are possi-
ble when stairs and elevators are placed at the far ends of
platforms. It is more desirable to place these facilities at the
center of platforms, but this requires awider envelope.

(lllustration Credit: Keith Hudson, AIA)

Figure5-3. Busway station concept.



Photo 5-E. Grade-separated pedestrian crossing from
Brisbane.

Alternative configurations of busway station designs (for
the planned New Britain—Hartford Busway) are shown in
Figure 5-4. Diagram A in Figure 5-4 showsan offset (or stag-
gered) concept that allows the entire busway and station to
be provided within abasic four-lane, 48-foot envelope, using
staggered, far-side platforms. This concept minimizes real
estate acquisition needs and is widely used along median
arterial buswaysin Brazilian cities. Diagram B in Figure 5-4
shows a semi-staggered platform that provides bypass lanes
in each direction and results in a 76-foot-wide envelope.
Pedestrians cross the busway at a single central location to
the rear of each bus stop. Two pedestrian islands in the cen-
ter of the roadway provide refuge for pedestrians; fencing
could be added to preclude errant crossings. Bringing the plat-

30m

Bus Pull Off Lane (100"

5-9

forms closer together is an advantage in terms of passenger
security.

5-4.1.2. Freeway BRT Stations

BRT may operate along freeways in mixed traffic or in
exclusive median or shoulder lanes. On-line freeway stations
are located on auxiliary roadways that are physicaly sepa-
rated from the main travel lanesto protect stopped busesfrom
errant vehicles and to prevent pedestrians from entering the
main freeway lanes. These roadways should be 24 feet wide
to enabl e busesto passaround disabled vehicles. There should
be sufficient decel eration distances to minimize delay to other
vehicles, and accel eration lanes should be long enough to per-
mit easy reentry into travel lanes. A minimum 1:30 taper for
deceleration and a 1:40 taper for acceleration are desirable.
If the busway is fully separated from general freeway travel
lanes, bypass|anesfor express service are likely to be needed,
increasing station envelopes by about 25 feet.

Asshown in Figure 5-5, either side or center platforms can
be used depending on traffic flow and vehicle door configu-
rations. Because most freeway stations will warrant grade-
separated pedestrian access with stairs (and/or escalators) and
elevators, acenter-platform configurationisdesirablein order
to minimize the cost of these vertical circulation elements.

In some cases, it may be desirable to provide off-line sta-
tions adjacent to the freeway. These stations are usually less
costly than on-line stations because they smplify station design
and pedestrian access. However, this configuration is likely
to reduce BRT operating speedsin comparison with a station
at the freeway level. Off-line stations are an attractive option
for incremental BRT implementation because they can be
constructed as afirst stage that isfollowed by construction of
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Figure5-5. Highway BRT stations.

more elaborate in-line stations if warranted by ridership and
available funding. Ideally, access to such stations should be
via dedicated bus-only ramps, but in some cases patronage,
bus volumes, and traffic conditions may allow BRT vehicles
to share ramps with general traffic and to operate for short
distances on local streets to reach the stations.

5-4.1.3. Median Arterial Busway Sation

Median arterial busways provide clear physical BRT iden-
tity and offer good schedule reliability at moderate capital
costs. Left turnsmust be carefully controlled (usualy by traf-
fic signal phasing), rerouted, or prohibited. Guideways and
platforms along median arterial busways are constrained by
the street space available and by traffic operations. Pedes-
trian access to median stations requires patrons to cross traf-
fic lanes; such access should be provided at signalized inter-
sectionswherever possible. Threetypesof platformsare used
in median arterial busway stations:

* Sdeplatforms should be located on the far side of inter-
sections, as shown in Figure 5-6. This allows near-side
left-turn lanesto be placed in the “ shadow” of each plat-
form, and it works well with traffic signal prioritization.
Left turns should be permitted only at signalized inter-
sections. Pedestrian access should be from the cross
street end of each platform. A disadvantage of the far-
side configuration is that without signal priority, buses
will often be forced to double stop at intersections, once
for the signal and once at the platform.

* Center-island platforms can be located on one or both
sides of a cross-street intersection. (Figure 5-7 shows
asingle, center-platform configuration). The platform
should be at least 20 feet wide. The main pedestrian
entrance should be from the cross street, along with
any fare equipment. This design concept requires buses
that have dual or |eft-side doors or buses that operatein
acontraflow configuration. It also makesleft turnsvery
difficult to implement.

* Midblock stations with passing lanes can be provided
when spaceisavailable. Asshownin Figure 5-8, athree-
lane busway section allowstwo lanes each way adjacent
to the platforms, with a single central pedestrian cross-
ing to the rear side of bus stops.

5-4.1.4. Curbside BRT Sations

Curbside BRT stations, at which BRT vehiclesreceive and
discharge passengers along curbs, can be implemented with
low capital costs and minimal loss of general traffic lanes.
Curbside stations provide good access for pedestrians and
can bereadily integrated with the overall streetscape design.
Although the stations present no interference with general
traffic left turns, they may createright-turn conflicts. Restricted
curbside lanes are difficult to enforce and relatively un-
favorable in terms of schedule reliability. Curbside stations
may be unpopular with abutters because the vehicles and
shelters tend to obstruct access to and views of storefront
businesses, and therestricted BRT lanesimpact accessto adja
cent driveways, parking, and loading zones. TCRP Report 19:
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Guidelinesfor the Location and Design of Bus Stops (Texas
Transportation I nstitute,1996) provides very thorough guid-
ance on the design of curbside bus stops.

Curbside stops may belocated near-side, far-side, and mid-
block, as shown in Figure 5-9. Table 5-3 presentstherelative
merits of near-side, far-side, and midblock stops, which are
summarized as follows:

* Near-side stops are preferable when bus flows are heavy,
traffic conditionsare not critical, and some curb parking
is permitted during peak periods. From the transit oper-
ator’'s point of view, near-side stops make it easier to
rejoin the traffic stream, particularly when curb parking
is permitted during peak periods. A major disadvantage
of near-side stopsisthat right-turn traffic and departing
buses often conflict with each other.

Far-side stops (shown in Figure 5-10) are preferable
when buses have exclusive use of the curb lane, when
peak-hour (or al-day) parking is prohibited, and when
buses get priority at traffic signals. These conditionsare
likely to occur under BRT operations.

Midblock stops are not common in practice, and they
aregenerally limited to downtown areas where multiple
routes require long loading areas, possibly extending an
entireblock. Midblock stops can also occur on extremely
long blocks requiring intermediate access points. When
acrossstreet carriesabus route, anear-side or far-side

stop is preferable to minimize walking distancesfor trans-
ferring passengers.

Under all configurations, the use of extended curbs, or bus
bulbs, (as shown in Figure 5-10) should be considered to
simplify the approach to and departure from the platform.
Use of these kinds of curbs canimproveride quality for pas-
sengers and allow for curbside parking. Passenger facilities
are, however, constrained by available sidewalk space. Shel-
ters and street furniture should be placed where they mini-
mize conflicts with pedestrian circulation. Stops should be
paved, well drained, suitably illuminated, and connected to
paved sidewalks.

Multiple-berth stops shoul d be provided when busflowsare
heavy. A pesk flow rate of 60 buses per hour would require
two loading positions for a 30-second stop and three loading
positions for a 60-second stop. (See Appendix A.) An addi-
tional 50 feet for each regular bus and 70 feet for each articu-
lated bus should be provided.

5-5. INTERMODAL AND TERMINAL STATIONS

Intermodal and terminal stationsare essential complements
to BRT running waysand on-line stations. They reinforcethe
effectiveness of BRT operations because they promote trans-
fer between BRT and connecting buslines, and they simplify
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Figure5-9. Curbside bus stops.

route(s); (2) bicycles; (3) feeder buses; (4) kiss-and-
ride, short-term parking, and motorcycles; (5) taxis and
HOVs, and (6) park-and-ride, or long-term parking.
Long-term parking may be provided at intermodal sta-
tions and terminals as an dternative to excessive feeder
bus servicein low-density residential areas (refer to Sec-
tion 5-6 for additional information and planning data).

both BRT and local bus service patterns. Large terminasin
urban areas may provide intermodal connections to other
modes such as LRT and heavy rail. At the smaller end of the
BRT application continuum, terminals and bus-to-bus trans- .
fers may be simple, in-street activity. However, most BRT
systems employ some type of specialized off-street inter-
modal stations and/or terminals. These range from smaller
facilities with fewer than five bus bays to massive urban ter-
minals with hundreds of berths.

Site-planning fundamentals for intermodal stations and
terminals are the following:

Planning guidance for BRT and feeder bus platforms in
intermodal stations and terminalsis summarized as follows:

* At terminals, shallow sawtooth berths are usually desir-
able to alow independent bus entry and exit. Asfor all
stations, close coordination with operations plannersis
essential to ensure that the facility functions effectively.

* Site planning should separate BRT, feeder bus, and pri-
vate automobile traffic as much as possible, with the
highest priority given to direct BRT access.

* Intermodal transfer and/or park-and-ride facilities may .

be placed on one or both sides of the BRT line, but it is
best to favor the “inbound” side of the BRT linerelative
to the city center.

Site design should minimize walking distances and bus-
pedestrian conflicts for transferring passengers.

The following location priorities should be observed in
terms of proximity to the BRT passenger loading area:
(1) pedestrian arrivals, including ADAAG-accessible

Adequate spacefor buslayover and short-term bus stor-
age must be provided.

Asaruleof thumb, it should be assumed that one berth
isrequired for each six buses per hour. Capacities may
be greater when thereisfreetransfer between BRT and
connecting bus lines. There should not be more than
two to three connecting services per boarding berth.
This may increase the number of boarding positions
required.



5-14

TABLE 5-3 Advantages and disadvantages of near-side, far-side, and midblock stops

Location

Advantages

Disadvantages

Far-side

Minimizes conflicts between right-
turning vehicles and buses

Provides additional right-turn
capacity by making curb lane
available for traffic

Minimizes sight distance problems
on intersection approaches

May encourage pedestrians to cross
behind the bus, depending on
distance from intersection

Creates shorter deceleration
distances for buses, since the
intersection can be used to
decelerate

Buses can take advantage of gapsin
traffic flow created at signalized
intersections

Facilitates bus signal priority
operation, as buses can pass through
intersection before stopping

May result in intersections being
blocked during peak periods by
stopped buses

May obscure sight distance for
crossing vehicles

May increase sight distance
problems for crossing pedestrians
Can cause a bus to stop far-side after
stopping for ared light, interfering
with both bus operations and al
other traffic

May increase the number of rear-end
crashes since drivers do not expect
buses to stop again after stopping at
ared light

Could result in traffic queued into
intersection when a bus stopsin the
travel lane

Near-side

Minimizes interference when traffic
isheavy on the far side of the
intersection

Allows passengers to access buses
close to crosswalk

Intersection width available for bus
to pull away from the curb
Eliminates the potential for double-
stopping

Allows passengers to board and
alight while stopped for red light
Allows drivers to look for oncoming
traffic, including other buses with
potential passengers

Increases conflicts with right-turning
vehicles

May result in stopped buses
obscuring curbside traffic control
devices and crossing pedestrians
May cause sight distance to be
obscured for side street vehicles
stopped to the right of the bus
Increases sight distance problems for
crossing pedestrians

Complicates bus signal priority
operation, may reduce effectiveness
or require a special queue-jump
signal if the stop islocated in the
parking lane or aright-turn lane

Midblock

Minimizes sight distance problems
for vehicles and pedestrians

May result in passenger waiting
areas experiencing less pedestrian
congestion

Requires additional distance for no-
parking restrictions

Encourages passengers to cross
street mid-block (jaywalking)
Increases walking distance for
passengers crossing at intersections

SouRce: Texas Transportation Institute, 1996 (adapted).

* Buses may unload and load at the same location when
space is constrained or bus volumes are light. Higher-
volume operations may require separate unloading and
loading areas. In these arrangements, buses (1) unload,
(2) pass through a holding area as needed, and (3) then
proceed to aloading berth for passenger boarding.

5-5.1. Intermodal Stations

Interchange facilities should be provided whenever local
bus lines cross or meet at BRT stations or terminals. When-
ever possible, off-street transfer facilities should be provided,
particularly when multiple feeder busbaysare required. How-
ever, if some feeder buses serve the station without termi-
nating, these berths may best remainin the street. When BRT

operates along dedicated and/or grade-separated busways,
there are two basic configurations. The first is conventional
on- or off-street bays adjacent to the busway station. (Figure
5-3 shows an application with off-street bays.) The second
configuration (for higher-volume applications) may use shared
platforms or grade-separated facilities to minimize walking
distancesfor transferring passengers. Two potential configu-
rations are shown in Figure 5-11.

5-5.2. BRT Terminal Stations

Terminal stations may be either on line or off line, depend-
ing on the BRT route(s) being served. All terminal stations
require adequate spacefor aturning loop for buses. Passenger-
oriented retail such as newsstands, food and beverage services,
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Figure5-10. Far-side curbside sketch.
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and drycleaners are highly desirable at BRT terminals. Fig-
ure 5-12 showsatypical on-lineterminal station. Off-street bus
transfer stations (or “transit centers’) areusually foundin areas
located about 4 to 10 miles from the city center. Their size
will depend on the number of connecting routes served and
thelikely interchanging passenger flow. Figure 5-13 showsa
design for asmall, off-line terminal facility that incorporates
asmall enclosed pavilion for retail and passenger waiting.

5-5.2.1. Central Area Terminals

Very large central area bus terminals for commuter or
express bus services may be appropriate when thereis good
accessto the central area, but there is extensive local street
congestion within the area; when theterminal islocated within
a short walking distance of major employment concentra-
tions; and when there is good supporting transit service to
other areas. The most successful facilities offer direct con-
nections to expressways and are located on the edge of the
CBD caore, closeto magjor employment centers (but removed
from peak land values). Under these circumstances, central
terminals can productively serve peak-period express BRT.
Examples of this type of facility are the Port Authority of
New Y ork and New Jersey’ s 225-berth terminal in Manhattan,
San Francisco’'s 37-berth Transbay Bus Terminal, and the
Massachusetts Bay Transportation Authority’s (MBTA’S)
54-berth South Station Bus Terminal in Boston (shown in
Photo 5-F).

Although central terminals work well for express service,
they are not aswell suited to high-frequency BRT operations.
The disadvantages include high capital and operating costs;
longer dwell and maneuvering timesfor buses; inability to pro-
vide through BRT service, which results in forced transfers;
greater walking distances for many passengers; and increased
bus-to-bus congestion on terminal approaches. Therefore,
BRT serviceisusually better served by having buses remain
on CBD streets and busways.

5-6. PARK-AND-RIDE FACILITIES

Park-and-ridefacilities should be provided at BRT stations
when a large number of potential riders are located beyond

Figure5-12. Typical on-line terminal station.

(lllustration Credit: Keith Hudson, AIA)

Figure5-13. Small off-line terminal station.

easy walking distance of stations, or when riders cannot be
served effectively by connecting bus services. Park-and-ride
facilities are generally associated with suburban areas and
mainly serve commuters, although some settings may gener-
ate off-peak demands aswell. Park-and-ride facilities should
save BRT passengerstravel time and simultaneously expand
the service catchment area. The secondary distribution by
automobile (1) expands the BRT market, (2) reduces the
need for feeder bus service, and (3) permits wider BRT sta
tion spacings. Park-and-ride facilities are most successful
when free or low-cost parking isoffered, peak-hour BRT ser-
vice headways are 10 minutes or less, and BRT trips to the
city center save at least 5 minutes of travel time. Free park-
and-ride facilities may be offered to BRT patrons, park-and-
ridefeesmay beincorporated into the BRT fare, or park-and-
ride facilities may be separately priced. Outlying parking is
likely to be more economical than local feeder bus service
when land costs are low and travel distancesto line-haul bus
service are long. Someissues to consider in relation to park-
and-ride facilities are the following:

* Location. Park-and-ridefacilities should be accessible,
visible, and located where future expansion is possi-
ble. They should be sited in areas that are compatible
with significant open spaces or large structures. They
should have good road access from major cross-town
and circumferential roads and be located where they
can intercept motorists before points of congestion or
road convergence. Sites should be selected to minimize
backtracking, as most patrons approach from the far or
outbound end of stations.
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Photo 5-F. MBTA South Sation Intermodal Center.

e Sze. The number of park-and-ride spaces should be
keyed to projected station ridership. Experience with
commuter rail and rail rapid-transit lines indicates that
ridership is sometimes constrained by the lack of park-
ing spaces. A parking space should be provided for every
1.2 to 5.0 boarding BRT passengers, depending on the
number of feeder/connecting busservices. Itisdesirable
to provide 10 to 15% more spaces to ensure space avail-
ability. Land acquisition requirements should be based
on 125 spaces per acre (about 400 to 450 square feet per
space). To keep walking distances under 400 to 600 feet,
surface parking lot size should not exceed 800 spaces,
although facilities of 1,200 to 1,500 spaces can be
accommaodated in special cases. When more than 800
spaces are required, structured parking should be con-
sidered to keep walking distances short. About 1 to 3%
of the total spaces should be designated for short-term
parking. These spaces should be clearly separated from
commuter parking areas, but they could be used for mid-
day parking if properly controlled.

e Ste-planning considerations. Park-and-ride facilities
should provide direct, convenient pedestrian access to
BRT stations. As with intermodal stations, they should
provide convenient passenger drop-off, or “kiss-and-
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ride,” space and accommodate most traffic in two short
peaks. Facility site planning should minimize conflicts
among buses, automobiles, and pedestrians. Separate
access points for buses and automobiles are desirable
when parking facilities exceed 500 spaces or when park-
ing fees are charged. A site plan for a prototypical park-
and-ride facility is shown in Figure 5-14.

5-7. ANCILLARY FACILITIES

Ancillary facilities associated with BRT systems include
operator welfare facilities, vehicle maintenance and storage
facilities, and maintenance of way facilities. Frequently,
most or all of thesefunctionsare consolidated at asinglesite.

Operator welfare facilities range widely in size and com-
plexity. The smallest facilities may simply provide an oper-
ator toilet room at the outbound end of a route, whereas
larger ones would provide amenities such as showers, lock-
ers, canteens and lunchrooms, and “quiet rooms” for resting
between shifts. The largest facilities include space for oper-
ator training, administrators, supervisory personnel, and dis-
patchers. Typically, al of these facilities are co-located with
aterminal station or a maintenance and storage facility.
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Figure5-14. Prototype park-and-ride plan.

Maintenance and storagefacilities (M SFs) arevery large,
multiple-building complexes where vehicles are maintained
and stored. Even if atransit agency already operates one or
more maintenance facilities for its buses, a BRT system is
likely to have a significant fleet of vehicles that exceed the
capacity of existing facilities. Also, aBRT fleet may use ded-
icated, specialty vehicles (e.g., articulated buses) that require
space and equipment not required for existing fleets of con-
ventional buses.

M SFs occupy large land areas and tend to generate con-
centrated morning and evening bus traffic. They are most
compatible with industrial uses and other large-scale devel-
opments. To the extent feasible, they should be sited to avoid
sensitive receptors. However, it isimportant to note that with
sensitive planning and design these facilities can be success-
fully integrated with residential and other uses.

In conventional bus systems, it is ideal to site the MSF
near the center of the system’'s service area. However,
depending on the character of the BRT service, aBRT MSF
may be more likely to be found at the outbound end of a
major route so that the vehicles are positioned to enter ser-
vice in the morning.

The following are brief descriptions of major functions
typicaly found at aBRT MSF:

* ServicelLanes. These are semi-enclosed or covered areas

used for daily servicing of busesincluding fueling, fluid
dispensing, and interior and exterior cleaning. If on-
board fare collection is used, the service lanes are also
used for cash removal. Typicaly, the site isarranged so
that buses enter the service lanes directly after leaving
revenue service and prior to overnight storage. This pro-
gram element should be provided at any facility where
buses are stored overnight.

Maintenance Facility. A maintenance facility provides
space for routine maintenance and inspection. Thisfacil-
ity should have provisions for maintenance bays, parts
storage, tire storage, steam cleaning, and battery storage.
It should also have apaint shop (including a preparation
area and a paint booth), a shipping and receiving area,
supervisors and administrative offices, employeelocker
rooms, and toilet facilities.

Heavy Maintenance Facility. A heavy maintenance
facility isfor activities such as engine and transmission
rebuilds and major body work. Because these activities
arelessfregquent and therefore are more likely to be out-
sourced or shared with existing facilities, a heavy main-
tenance operation is not always present in aBRT MSF.
When present, such afacility islikely toincludeamachine



shop as well as shop areas for electrical work, radiators,
transmissions, woodworking, upholstery, welding, metal-
working, graphics, therma cleaning, and glass working.
This facility would also include a shipping and receiv-
ing area, astorage room, alunchroom, lockers, and toilet
facilities.

Bus Storage. Storage of buses requires large exterior
spaces. Thesize of thestorage areais strongly influenced
by the bus parking configuration. System operators are
likely to prefer a“ scheduled pullout” arrangement, sim-
ilar to atraditional parking lot, in which all buses are
parked adjacent to a driving lane, and any bus can be
accessed at any time. Ideally, angled spaces are used
in singlerows as shown in Figure 5-15, permitting buses
to enter and leave a space without backing up. A more
space-efficient “herringbone” pattern can be used, but
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this requires buses to back up to depart. The scheduled-
pullout arrangement offersthe operator the greatest flex-
ibility for dispatching or maintenance, but it occupiesthe
greatest amount of space.

When spaceislimited, a“ stacked” arrangement may
be used, in which multiple buses are parked bumper
to bumper. Although not as flexible as the scheduled-
pullout arrangement, the same number of vehicles can
be stored in as little as one-third of the space.

In North America, al facilities, parking, and bus stor-
age areas should be arranged to accommodate | eft-hand
turns and a counter-clockwise site circulation. Figure
5-15 shows a prototypical M SF site plan.
Maintenance of Way Facilities. These facilities are for
personnel and equipment used to maintain stations and
running ways. This function may be minor (and readily

Figure5-15. Illustrative maintenance and facilities site plan.
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located with other municipal facilities) if the BRT sys-
tem runsin the street with relatively small station facil-
ities. However, a grade-separated BRT system with
large stationsislikely to require maintenance shops and
dedicated equipment such as tow trucks, snowplows,
and crew transportation.
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CHAPTER 6
BRT VEHICLES

BRT vehicles must be carefully planned and selected for
avariety of reasons. Vehicles have a strong impact on every
aspect of transit system performance, from ridership attrac-
tion to operating and maintenance costs. Vehicle design will
have a strong, measurable impact on revenue speed and reli-
ability and thus on ridership and rel ated benefits such as con-
gestion reductions, air quality improvements, and revenue
enhancements. A vehicle’'s mechanical attributes have an
obvious impact on operating and maintenance costs. How-
ever, proper door and interior design (e.g., a low floor, a
wide aisle, and multiple-stream doors) may reduce dwell
times and revenue speeds sufficiently to reduce the number
of vehicles, drivers, and mechanics necessary to provide a
particular level of service, aswell asincreasing ridership and
revenue.

Asthe BRT element most widely observed by both users
and potential customers, vehicle design also impacts percep-
tions of the quality of the entire system. Bus noise, air emis-
sions, state of repair, cleanliness, and aesthetics all affect
public perceptions of BRT. Although not as important as
time and cost in effecting mode choice, image and “brand-
ing” influence the willingness of customersto try aBRT sys-
tem, particularly those customers with the choice of using a
private automobile instead. System branding and identity, as
provided by vehicles, can also convey important customer
information such as routing and stations served.

A unique vehicle identity for a particular BRT service,
achieved through livery (e.g., paint schemes and colors)
and/or design, not only advertises the system, but also tells
the large number of infrequent customers (perhaps 35 to
40% of overall ridership on rapid transit) where they can
board that service. Vehicle design can complement maps,
signs, and other information sources, further enhancing
transit ridership.

BRT vehiclesshould be environmentally friendly interms
of air and noise emissions and vibration. BRT services are
frequent by definition, with the requirement that they have a
basic peak headway |ow enough to support random passen-
ger arrivals. Some transitways that serve anumber of routes
may have as many as 150 to 200 buses per hour using cer-
tain sections, particularly near CBDs (e.g., Pittsburgh,
Miami, Brisbane, and Ottawa). With a level of service that
isthisfrequent, special care must be taken to ensure that the
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vehicles have low air as well as noise emissions. Low noise
levelsare desirable not only on board, where too much noise
may affect customers’ sense of travel quality and hencerid-
ership, but also off board, inthe vicinity of stationsand run-
ning ways.

The importance of these technical and “soft” vehicle fac-
tors in the overall success of BRT systems has led an
increasing number of manufacturers in both Europe and
North America to develop specialized vehicles for BRT
applications. These vehicles generally feature a distinct
appearance (almost like an LRT vehicle) to create a unique,
non-bus identity. BRT vehicles also can include some form
of guidance (e.g., mechanical, optical, or magnetic) to
increase passenger comfort and convenience. These vehi-
cles may also possess a hybrid thermal engine electric
propulsion system for environmental friendliness and an
interior layout and door configuration to efficiently servethe
intense markets carried by rapid-transit systems. Photos 6-A
and 6-B are examples of the class of specialized BRT vehi-
cles having all these attributes.

6-1. CAPACITY AND LEVEL OF SERVICE

For BRT to be successful, aswith any rapid-transit invest-
ment, the disparate elements of the system, including vehi-
cles, must work together as an integrated whole. BRT vehi-
cles should be planned and designed in accordance with the
characteristics of the other elements of the system, including
running ways, stations, service plans, ITS applications, and
fare collection. Therefore, it follows that BRT vehicle char-
acteristicsare both inputs and outputs of an iterative planning
and project development process. Vehicle characteristics
affect overall levels of service in terms of speed, reliability,
capacity, and cost and include the following:

* Dimensions,

* Internal Layout,

* Doors,

* Aisle Width,

* Floor Height and Flatness,
* Propulsion System,

* Guidance, and

* Image and Identity.



(Photo Credit: Irisbus of North America)

Photo 6-A.  Irisbus Civis configured for the North Las Vegas
Boulevard corridor, Las Vegas, NV.

Appendix E contains further technical details on BRT vehicle
characteristics.

6-1.1. General Guidelines

The following guidelines should underpin the develop-
ment of BRT vehicle specifications during planning and proj-
ect devel opment:

* Vehicles should be planned and ultimately specified as
afunction of thetype of servicesoffered (e.g., local ver-
sus express, and/or mixed) and the nature of the markets
served (e.g., short, non-work, non-home-related trips
versus long home-to-work trips). Criteria will include
lengths and widths (standard industry dimensions) and
internal layout. Internal layout includes seats (number,
size, type, configuration and orientation); wheelchair
positions (number, position and orientation); and propul -
sion systems (power, torque, noise, air emissions, top
end speed, and acceleration).

* Vehiclesshould provide sufficient passenger capacity at
comfortable loading standards for anticipated ridership

(Photo Credit: Bombardier)

Photo 6-B. Bombardier’sGLT “tramontires’ in
operation in Nancy, France.

levels and planned service structure and freguencies.
Vehicles ranging in length from 12.2 to 13.75 meters
(40to 45 feet) (single unit) through 25.5 meters (82 feet)
(double articulated) are in successful revenue service
and can be considered.

Vehicles should be environmentally friendly, easy and
convenient to use, comfortable, and have high passen-
ger appeal. Desirable features include air conditioning,
bright lighting, panoramic windows, and real-time visual
and audio “next stop” passenger information.

Boarding and lighting vehicles should be easy and rapid.
Floor heightslessthan 38 centimeters (15 inches) above
pavement level are desirable unless technol ogies permit-
ting level boarding and alighting (e.g., rapidly deployed
ramps/bridges) are to be used at high-platform stations
(asin Curitiba, Bogota and Quito).

A sufficient number of doors of sufficient width should
be provided, especially when off-board fare collectionis
provided. Generally, one door channel should be pro-
vided for each 10 feet of vehicle length. Vehicles with
doorson either or both sides are available and can enable
use of both side and/or center platform stations.

Ride quality isimportant for vehiclesin BRT service
because it contributes to the overall sense of quality,
especially BRT services carrying large numbers of stan-
dees. Electric drive systems are being used increasingly
for specialized BRT vehicles because they eliminate
hydraulic-mechanical transmissions that often have
abrupt shifting.

The mix of space devoted to standing riders and seated
riderswill depend on the nature of the market served. Al
thingsbeing equal, total capacity ishigher when thenum-
ber of seatsislower, but most operatorstry to avoid hav-
ing customers standing for more than 20 to 30 minutes.
Wide aisles and sufficient circulation space can lower
dwell times and increase the amount of capacity that is
actually used, especially at the rear of articulated vehi-
cles. Specialized low-floor BRT vehicles with aisle
widths up to 86 centimeters (34 inches) are available.
Cost-effective bus propulsion systems are avail abl e that
virtually eliminate particulate emissions and are other-
wise environmentally friendly as well. These include
“clean diesel” with self-cleaning catalytic converters,
varioustypes of hybrids featuring both internal combus-
tion engines and electric motors, and CNG-fueled spark
ignition internal combustion engines. These propulsion
systems not only have significantly reduced emissions
compared with older diesel engines, but they are sig-
nificantly quieter and can have high acceleration rates
aswell.

Giventheintensity of BRT servicesand their importance
to the overall performance of the transit systems that
have them, BRT vehicles should be well proven in rev-
enue service, with lower than average mean distances
between service-interrupting failures.



TABLE 6-1 Typical U.S. and Canadian BRT vehicle dimensions and capacities
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Length Width Floor Height Number of Number of Maximum
Door Channels | Seats (including Capacity
seatsin (seated plus
wheelchair tie- standing)
down areas)
40 ft (12.2m) | 96-102in. 13-36in. 2-5 3544 50-60
(2.45-2.6 m) (33-92cm)
45 ft (13.8m) | 96-102in. 13-36in. 2-5 35-52 60-70
(2.45-2.6 m) (33-92cm)
60 ft (18 m) 98-102in. 13-36in. 4-7 31-65 80-90
(2.5-2.6 m) (3392 cm)
80 ft (24 m) 98-102in. 13-36in. 7-9 40-70 110-130
(2.5-2.6m) (33-92cm)

» Guidance systems, both mechanical and electronic, are
available that can impart rail-like passenger boarding
and alighting service at stations, reduce right-of-way
requirements, and provide a more comfortable ride than
vehicles that can only be steered.

* Cost should be considered on alife-cycle basis because
some of the features that add to initial acquisition costs
(e.0., guidance, hybrid drives, stainless steel frames,
and composite bodies) have the potential to reduce
ongoing operating costs and increase passenger rev-
enue. Some specialized BRT vehicles also purportedly
have longer design lives than conventional equipment
(e.g., 20 yearsversus 12 years without major structural
overhaul).

6-1.1.1. Dimensions

Thebasic dimensions of BRT vehicles, including weights,
are limited in most places by the motor vehicle laws of the
respective states and local jurisdictions for vehicles operat-
ing on the highway system. Vehicles may not be more than
2.6 meterswide (102 inches) and 18 meters (60 feet) long or
have a gross vehicle weight of more than 7,273 kilograms
(16,000 pounds) per axle. Although waivers can be obtained
(e.g., for double articulated vehicles, which are shorter than
many legal two-trailer, tractor-trailer combinations), most
busesand BRT vehiclesfall within thisrelatively tight enve-
lope. The approximate dimensions of thisenvel opefor actual
vehiclesareshownin Table6-1. Thetable also containsbasic
information on floor height, door channels, range in number
of seats, and maximum capacities for service planning pur-
poses. Typically, buseshave an overall height from the pave-
ment of 3.4 meters (11 feet), whereas low-floor CNG buses
with storage tanks on the roof can be up to 4.6 meters (15
feet) high.

Photo 6-C shows a conventional low-floor bus from the
Los Angeles Metro Rapid system. Photo 6-D presentsacom-
posite 13.8-meter (45-foot) low-floor bus, and Photo 6-E
shows a conventional low-floor articulated bus used on the
Vancouver #98 B-line. Photo 6-F contains a conventional

24-meter (80-foot) double articulated low-floor bus of the
type increasingly being used for rapid-transit services in
Europe (e.g., in Amsterdam, Netherlands, and Nancy,
France) and South America (e.g., Curitiba).

6-1.1.2. Seatsand Sandee Density

The capacity of BRT vehicles equals the number of seats
plus the number of standees, at adensity standard consistent
with the service plan, nature of the market carried, and the
operating environment. According to the Transportation
Research Board's Transit Capacity and Quality of Service
Manual (Kittelson and Associates, Inc., et. al, 1999), atypi-
cal urban transit seat occupies approximately 0.5 square
meters (5.4 sguare feet, 18-inch width by 27-inch pitch).
Average standee density over an average peak hour, as spec-
ified by the International Union of Public Transport (UITP),
is four people per square meter or approximately 2.7 square
feet per person. FTA guidance has been to use a consistent
maximum of three standees per square meter (3.7 square feet

(Photo Credit: Los Angeles County Metropolitan Transportation Authority)

Photo 6-C. North American Bus Industries conventional
low-floor bus—12.2-meter (40-foot), low floor, CNG
(Metro Rapid Bus, Los Angeles, CA).
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(Photo Credit: North American Bus Industries)

Photo 6-D. Composite 13.8-meter (45-foot) low-floor bus.

per person) in aternatives analyses/major investment studies
for al modes.

These densities apply for typical urban service in which
riders stand less than apolicy-specified length of time, usu-
ally 20 to 30 minutes. John Fruin’s book, Pedestrian Plan-
ning and Design (1987) shows that at a density of three
people per square meter, no customer will be touching
another customer anywhere, and perhaps most importantly,
there will be sufficient room for customers to circulate
freely.

Thethree standees per square meter density standard serves
to ensure an even distribution of passengers throughout the
BRT vehicle and serves to minimize dwell times at stops.
This standee density is an average over atypical peak hour
within a typical peak period. The density (defining “crush”
capacity) during the peak of the peak hour, usualy 15 min-
utes, would be about 40% higher, or about 4.2 people per
sguare meter in U.S. practice.

The number of seatsis aso very much influenced by the
number and placement of doors and, on low-floor buses,
intrusion into the vehicle interior of wheel wells, fuel tanks,
and engines. When trip lengthsarelonger and peoplearelikely

(Photo Credit: New Flyer of Canada, Ltd.)

Photo 6-E.  New Flyer conventional low-floor bus—
18-meter (60-foot) low-floor articulated bus (Vancouver 98
B-line).

(Photo Credit: Van Hool)

Photo 6-F. Conventional low-floor bus—24-meter
(80-foot), double articulated, low-floor.

to be standing at or even beyond policy maximums (e.g., on
longer “commuter express’ routes operating on HOV lanes
and/or transitways), alower standee density may be appropri-
ate. In some cases, when vehicles operate in mixed traffic at
high speeds, it may be appropriate for safety reasonsto pre-
clude standees altogether.

Because BRT can be steered and guided, vehicles can
operate in any running way environment. In mixed traffic on
public streets and roads, the outside dimensions of BRT vehi-
cles are relatively fixed. Width must be less than 2.6 meters
(102 inches). Single-unit buses must be less than 12.2 to
13.75 meters (40 to 45 feet) long, single articulated vehicles
less than 18.3 meters (60 feet) long and double articulated
vehicles less than 25.5 meters (83 feet) long.

The mix of seating and standing areas in a given BRT
vehicle should be afunction of the characteristics of the mar-
ket being served. Normal transit operating policies dictate
that customers should not stand for more than a certain
amount of time, typically between 20 and 30 minutes.

If most travelers are expected to be traveling longer than
20to 30 minutes (e.g., inaBRT corridor anchored at one end
in atraditional CBD and extending far into relatively low-
density suburban areas), the given vehicle should be config-
ured for the maximum number of seats. For typical low-floor
buses, thisisin thevicinity of 40 to 44 seatsfor a12.2-meter
(40-foot) low-floor vehicle, about 55 to 60 seats for asingle
articulated 18-meter (60-foot) low-floor vehicle, and 65 to
75 seats for a double articulated 24-meter (80-foot) vehicle.
These values are based on the assumption that some of the
seating capacity would be used for each wheelchair position
(three seats per wheelchair position if the seats are of the
peripheral, tilt-up variety) as required by ADA.

Some BRT applications involve dense urban corridors
where trips are relatively short and where there is a significant
amount of passenger turnover (e.g., North Las Vegas Boule-
vard). In these situations, more room will be given to standing
areas than to seating areas for a couple of reasons. First, the
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(Hllustration Credit: Irisbus North America)

6-5

Figure6-1. Floor plan for 18-meter (60-foot) Las Vegas Boulevard Irisbus Civis BRT vehicle, configured
for dense urban corridor with significant turnover and relatively short trips.

smaller number of seats maximizesthetotal capacity available
from the same vehicle envelope because seated customers
occupy more space than standees. Second, having fewer seats
provides amore open interior with better circulation character-
istics. Seats installed perpendicular to vehicle walls not only
reduce the area available for standees, but they also make cir-
culationwithinthevehicle moredifficult, especialy near doors.

Constrained circulation within the vehicle has the net
effect of increasing passenger service times at stops because
it makesit difficult for peoplein theinterior of the vehicleto
get off, and it makes it difficult for boarding passengers to
circulate to the vehicle€' s interior, causing crowding around
the doors and reducing useful capacity. For these reasons,
some BRT applications in high-density corridors with sig-
nificant passenger turnover and relatively short trips (e.g.,
Las Vegas Boulevard and Rouen, France), use vehicles with
large open standing areas rather than seats around their doors
(see floor plans in Figures 6-1 and 6-2). The maximum
capacities shown are approximations based on the vehicle
dimensions shown in the table. Maximum capacities are
computed as the number of seats plus a number of standees
calculated using a standing area divided by a standing den-
sity. (See Kittelson and Associates et a., 1999, Chapter 3,
Section 4, for details.)

The numbers shown assume a standee density of three
standees per square meter on average over the peak hour
(approximately 3.7 square feet per person) astypical in U.S.
rapid-transit service planning practice. The dimensions of
specific vehicles are shown in Appendix E, in Table E-1.

=
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6-1.1.3. Doors

When fares are collected off board (and even when they
are not), the larger the number and the width of doors, the
lower passenger service times will be. Multiple doors can
also result in a better distribution of passengers within the
vehicle, thus taking full advantage of available capacity.
Each boarding and alighting stream using a double stream
door should be allocated at least 51 centimeters (20 inches)
or more of door width, with at least 76 centimeters (30 inches)
for a single channel door. The single stream door minimum
width is dictated by ADA-mandated wheelchair accessi-
bility. In markets with a significant amount of simultane-
ous boarding and alighting, the maximum number of double
stream doors of at least a1.07- to 1.22-meter (42- to 48-inch)
width will beimportant for reducing passenger servicetimes.

A given vehicle cannot have the maximum number of dou-
ble stream doors (e.g., up to three on a 12.2-meter [40-foot]
vehicle and up to four on an 18-meter [60-foot] vehicle) and
still have the maximum number of seats, because seats are
alwaystied to the outsidewall of avehicle. Thefloor planfor
the Las Vegas vehicle (shown in Figure 6-1), to beused in a
dense urban corridor with significant turnover, illustrates the
trade-off between the number of doors (4) and the number of
seats (32). This can be compared with the schematic for the
standard articulated bus shown in Figure 6-2, which is used
on Ottawa Transitway system. The vehicle shown in Figure
6-2 has amost identical dimensions, but it has 54 seats and
only 3 doors (2 double stream doors and 1 single door). The
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(Hllustration Credit: New Flyer of Canada, Ltd.)

Figure6-2. Floor plan for 18-meter (60-foot) Ottawa Transitway low-floor New Flyer
bus, configured for typical radial corridor extending to suburbs from CBD.



(Photo Credit: TransMilenio website)

Photo 6-G. BRT vehicle with several multiple-stream
doorsto facilitate rapid boarding/alighting in corridor
with metro rail levels of demand (TransMilenio system,
Bogota, Colombia).

area around the doors on the Las Vegas vehicle is much
clearer than it isonethe Ottawavehicle, easing circulation.
Although both vehicles have essentially the same external
dimensions, one has 7 boarding/alighting streams and 32
seats whereas the other has 5 streams and 54 seats.

Photo 6-G illustrates a vehicle on the Bogota Trans-
Milenio system, which isused in acorridor with metro rail
levels of demand (i.e., over 27,000 riders per hour.) This
photo illustrates the use of several multiple-stream doors
to facilitate rapid boarding and alighting for what is
arguably the busiest BRT system with on-line stops in the
world.

6-1.1.3.1. Number of Doors

A U.S. “rule of thumb” for the number of boarding and
alighting channels appears to be that there be at least one
channel per 10 feet of BRT vehicle length in corridors that

run radially from a dense urban core to lower-density sub-
urbs. For dense corridors, in which significant boarding and
alighting take place simultaneously, alarger number of pas-
senger service streams in the same vehicle length may be
warranted. For an express operation, inwhich everyoneaalights
in the am. peak and boards in the p.m. peak at a limited
number of all-boarding or al-aighting stops, somewhat fewer
channels may be appropriate.

A number of conventional buses and specialized vehicles
are available with doors on either the left side (e.g., asin
Bogota and Curitiba) or both sides. This is done to allow
vehiclesto use a center platform either exclusively, asin the
South American systems, or in conjunction with side plat-
form stations, as is planned in Cleveland. Center platform
stations are popular for rapid-transit stations where right-of-
way widths aretight at stations. Center platforms also reduce
the need for multiplefare mediavending machinesand level-
change devices such as elevators and escalators, and they
make it easier to provide security.

The effects of door channels on boarding and alighting
times are shown in Table 6-2. Increasing from one to two
channels reduces boarding time 40%, from 2.5 to 1.5 sec-
onds per passenger. Similar reductions are given for front
and rear alighting. Photo 6-H shows a specialized BRT
vehicle configured for a dense urban corridor with signifi-
cant passenger turnover. The vehicle features seven pas-
senger service streams (three double doors, one single) for
an 18-meter (60-foot) vehicle.

6-1.1.3.2. Door Positions

The major objective affecting door positioning is the
need to ensure even loading and unloading acrossthe length
of the respective vehicles. All things being equal, doors
should be positioned to divide BRT vehicles into sections
of roughly equal capacity and circulation distances. Two
factors provide flexibility in this regard. First, BRT appli-
cations with off-board fare collection do not need to have a
door positioned forward of the front axle for payment of
cash fares to a driver. Second, certain 100%-low-floor

TABLE 6-2 Passenger service timeswith multiple-channel passenger
movementsfor a high-floor bus (seconds per passenger applied to the
total number of passengersboarding at a given stop)

Available Door Boarding" Front Alighting Rear Alighting
Channels

1 2.5 3.3 2.1

2 15 1.8 1.2

3 11 15 0.9

4 0.9 11 0.7

6 0.6 0.7 0.5

NoTE: Increase boarding times by 20% when standees are present. For low-floor buses, reduce
boarding times by 20%, front aighting times by 15% and rear alighting times by 25%.

L All data assume off-board fare collection.
Source: Kittelson and Associates, Inc., 2002.



(Photo Credit: Irisbus North America)

Photo 6-H. 18-meter (60-foot) BRT vehicle configured
with seven passenger service streams (three double doors,
one single) for a dense urban corridor with significant
passenger turnover.

vehicles have the option of a door installed to the rear of
the rear axle. Irrespective of how fares are collected, doors
should be positioned and configured so that no single door
(e.g., the front door) is disproportionately utilized because
the result will be increased passenger service and dwell
times.

6-1.1.3.3. Door Types

Four basic types of doors are generally used for buses in
North America: swing doors, bi-fold doors, plug doors, and
pivot doors (sliding doors are used for buses in some other
countries). Each type is described below along with an
assessment of its applicability to BRT.

Swing Doors. These doorsrotate around avertical axisat
the outer edge of the respective door panels and open out-
ward to a position perpendicular to the vehicle at the outer
edges of the respective door opening. Although they aresim-
pletoinstall and deploy, when used for wide, double stream
doorsin BRT applications, swing doors may keep the vehi-
cle from being safely operated close to station platform
edges. Figure 6-3 shows a schematic of swing doors.

Bi-Fold Doors. These doors, which hinge in the middle
as well as at the outside vertical edges, are smple and have
traditionally been used on streetcars and buses on which
wide door openingswererequired. Assuch, they areideal for
BRT applications. The downside of this arrangement is that
bi-fold doors may protrude outside the vehicle, limiting how
close to platform edges a particular vehicle may come. The
door panels themselves are usualy rather narrow (i.e., one
quarter the width of the door opening), limiting the amount of
available window space (after the frames are accounted for)
and light in theimportant door areaduring daylight hours. Fig-
ure 6-4 isa schematic of bi-fold doors.
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(Illustration Credit: North American Bus Industries)

Figure6-3. Swing Door.

Plug Doors. Through arelatively complex hinge arrange-
ment, plug doors swing outward and end up flush with the
sides of the vehicle. They work well with wide door open-
ings, which iswhy they are frequently used on airport apron
passenger shuttle vehicles. Their downsideis their complex-
ity and potential maintenance problems. A schematic of plug
doorsisshown in Figure 6-5.

Pivot Doors. Thesedoorsrotate around avertical axisthat
isinterior to the door. They are frequently used in contempo-
rary buses because of their relative simplicity. One of their
disadvantagesfor BRT useisthat it isdifficult to use them for
wide openings because they intrude into the vehicle when
open, thus limiting standing space and creating a potential
safety issue. Figure 6-6 provides a schematic of a pivot door.

Sliding Doors. Thesedoorsare generally only used for rail
rapid-transit vehicles in the United States, although they are
routinely used on buses carrying high loads in Japan and in
other Asian countriesthat use Japanese buses. These doorsare
very effective where wide openings, in excess of 1.2 meters
(4 feet), are needed because they can be opened with no inter-
nal or external protrusions. The downside of thisarrangement
for BRT applications is that their opening/closing mecha
nisms can be complex.

ok
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(lustration Credit: North American Bus
Industries)

Figure6-4. Bi-Fold Door.
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(Illustration Credit: North American Bus Industries)

Figure6-5. Plug Doors.

Thedescriptions and assessments above suggest that bi-fold,
pivot, and swing doors have the highest applicability to North
American BRT systems.

6-1.1.4. Aisle Width, Floor Height,
and Floor Flatness

Aisle width, floor height, and floor flatness also influence
vehicle capacity. Most conventional low-floor vehicles, even
those with a step up to the rear portion of the vehicle, havea
minimum aisle width between the rear wheel wells (second
and third axle on articulated vehicles) of about 60 centime-
ters (24 inches). The constraint is the width of the double
bogie (two tires on either end of the axle), the geometry of
the axl€ ssuspension system, and the need to clear drivetrain
components.

Some specialized BRT vehicles have hub electric motors
inside extrarwide, extra-strength tires. Thisarrangement, along
with perimeter seating, allows for awider aisle (minimum
width of 87 centimeters [34 inches]), which in turn permits
easier in-vehicle circulation, lower passenger service times,
and reduced station dwell times. Larger aisle width, in addi-
tion to no-step boarding and alighting, is one of the reasons

that heavy rail systems have passenger boarding and alight-
ing times as low as 2 seconds per passenger. Boarding and
alighting timesfor street running LRT, even where fares are
paid off-board, are approximately 3 seconds per passenger.

Irrespective of running gear intrusion into the vehicle,
when thereis 2+2 perpendicular seating, aisle width cannot
be greater than approximately 60 centimeters (24 inches).
For avehicle 2.6 meters (102 inches) wide, this corresponds
to two 89-centimeter (35-inch) seat banks and two 1.5- to
2-centimeter (4- to 5-inch) walls.

6-1.1.4.1. Floor Height

There are three options for floor height: high, 100% low,
and partial low. Floors in high-floor vehicles are typically
61 centimeters (25 inches) to 89 centimeters (35inches) above
the pavement on over-the-road coaches and older buses with
the engine under the floor. High-floor vehicles have an advan-
tage in BRT applications in which absolute maximum carry-
ing and/or seated capacity is necessary. However, high-floor
vehicles may have inordinately high boarding and alighting
times unless they are equipped with arapidly deployed ramp,
bridge, or door flap used in conjunction with high-platform sta-
tions (as in high-volume BRT applications in Quito, Curitiba,
and Bogotd).

Vehiclesthat are 100% low floor have the great advantage
of low boarding and alighting times and the ability to have a
door behind the rear axle. However, 100%-low-floor designs
also typically lose between four and eight seats to wheel
wellsintruding into the vehicles, even when relatively small
wheel and tire sizesare used. Another disadvantage of 100%-
low-floor designsisthat mechanical and electrical equipment
and fuel tanks must either be stored inside the vehicle, where
they take up space, or be put on the roof, where they are dif-
ficult to service. A final disadvantageisthedifficulty of pack-
aging conventional mechanical drive trains consisting of an
engine, ahydraulic-mechanical transmission, connecting drive
shafts, adifferential, and an axle. In 200%-low-floor vehicles,
this type of drive train can also lose up to four seats or the

(Hlustration Credit: North American Bus Industries)

Figure6-6. Pivot Door.



equivalent standing area merely because of the engine and
drivetrain’sintrusion into the vehicle.

One of thereasonsthat many specialized BRT vehicleshave
electric drive trains utilizing hub-electric motors and single
bogieswith special, wide, high-load-limit tiresisto avoid the
packaging difficulties with internal combustion engines and
mechanical transmissionsrequiring intrusive connecting drive
shafts, differentials, and axles.

Asnoted, low-floor vehicles make passenger boarding and
alighting faster and more convenient. The TRB’s Transit
Capacity and Quality of Service Manual (1999) indicatesthat
boarding times on low-floor vehicles are reduced by 20%
compared with high-floor vehicles. Corresponding reduc-
tionsfor front- and rear-door alighting were, respectively, 20
and 25%. These time reductions can result in higher ridership
and revenue and greater capacity without increasing the
number of vehicles or operating and maintenance expendi-
tures. Table 6-2 shows passenger servicetimeswith multiple-
channel passenger movements.

The passenger servicetimesshownin Table6-2 arefor con-
ventional, steered buses with a gap between the edge of the
stop or station platform and the vehicle. There are avariety of
specialized BRT vehicles that facilitate no-step, small-gap
boarding and alighting. Guidance systems on these vehicles—
whether magnetic, optical, or mechanical—allow the vehicle
to be precisely “docked” at stations. When these guidance
systems are used for docking, the space between vehicle and
platformiswithinthe ADA maximum horizontal gap allowed
for rail transit vehicles (approximately 3 inches). Stations
served by these guided, low-floor vehicles will have dightly
raised platforms (about 11 to 14 inches high instead of the
roughly 6-inch normal curb height) to permit platform-to-
floor, no-step, direct boarding and alighting.

Guided vehicles, used in conjunction with stations having
platforms at the same height as the vehicle floor, can be
expected to have boarding and alighting times similar to those
on heavy rail or on someLRT systems, or approximately 1 sec-
ond per person less than the passenger service times for con-
ventional buses shown in Table 6-2. Besides reducing aver-
age passenger service times, no-step, no-gap boarding and
alighting can significantly reducethetimeit takesfor customers
with disabilitiesor customerswith childrenin strollersor prams
to board and alight from BRT vehicles. This, combined with
wide aides, can significantly reduce passenger service times
for these customers and thusimprove schedule reliability.

As noted above, another way that the advantages of a
guided, low-floor vehicle can be obtained without the dis-
advantages of 100%-low-floor designsiis to use a high-floor
vehicle with arapidly deployed ramp, bridge, or door flapin
conjunction with high-platform stations. The disadvantage
of this approach (usually used with left-hand doors to sup-
port center-median platforms) is an inability to service off-
line stations that are not configured with high platforms and
center platforms. This disadvantage could be overcome by
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having doors on both sides of vehiclesand stepsfeeding some
of them, but this would reduce seating capacity, and the sys-
tem would suffer from increased dwell times at the off-line
stations.

6-1.1.4.2. Floor Flatness

There are two types of low-floor vehicles potentially
applicable to BRT: 100%-low-floor and mixed low-floor/
high-floor (usually 65 to 70% |low-floor) designs. The advan-
tages of 100%-low-floor vehicles are the following:

* No standing capacity islost to the step up;

* Having no step up lowers the probability of acciden-
tal fals;

» Better mobility within the rear portion of vehiclesleads
to higher utilization of this area, which is especially
important with large articulated buses;

* Easier internal passenger circulation, which leads to
lower dwell times and better capacity utilization; and

* The ability to put an additional door in the rear of the
rear axle, which leads to lower dwell times in certain
situations.

The magjor disadvantage of 100%-low-floor vehicleswhen
compared with partially low-floor vehiclesisthe loss of space
caused by the intrusion of wheel wells and the drive train
and the use of internal space for fuel tanks, batteries, and
other devicesthat otherwise would be under the floor. Some
of those devices can be placed in the vehicle's “attic” or on
theroof; however, this creates access problems and increased
maintenance difficulties and costs. Photo 6-1 shows an inte-
rior view of a 100%-low-floor vehicle. Photo 6-J shows the
12.2-meter (40-foot) partial-low-floor, step-up vehicle used
by the Los Angeles Metro Rapid system.

(Photo Credit: Irisbus North America)

Photo 6-1.
vehicle.

Interior view to rear of 100%-low-floor BRT
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(Photo Credit: Los Angeles County Transit Authority)

Photo 6-J.  12.2 meter (40-foot), CNG, North American
Bus Industries bus with partial (70%) low floor and step
up to rear section—Los Angeles Metro Rapid bus.

Asshown in Photo 6-K, awide, no-step aisle supportscir-
culation and makesiit easier to access the rear of long, artic-
ulated vehicles. Photo 6-L illustrates no-step boarding and
alighting, as enabled by precision docking through an optical
guidance system.

Another class of specialized BRT vehicles has door flap
plates or “bridges” that rapidly deploy from the vehicle
when it pulls into a high-platform BRT station. The
bridges allow no-step, no-gap boarding and alighting,
yielding the extremely low passenger service times char-
acteristic of high-platform metro rail and some LRT sys-
tems. To date, these vehicles have been used only in South
America, on 18-meter single and 24-meter (80-foot) dou-
ble articulated busesin Curitibaand S&o Paulo, Brazil, and
on 18-meter (60-foot) vehicles in Quito, Ecuador. The
vehicles used in Curitiba, as shown in Photo 6-M, use
boarding/alighting “bridges” in the lower part of each door
opening. The vehicles used in these applications combine
the boarding and alighting ease and speed of low-floor,
guided vehicles with the interior room and capacity of
high-floor vehicles. The downside of this arrangement is
that the vehicles can only operate to/from high-platform

(Photo Credit: Translohr, France)

Photo 6-K. Wide, no-step aisle supports circulation and
makes it easier to access rear of long, articulated vehicles.

. ensnssesseenies
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(Photo Credit: Sam Zimmerman and Irisbus North America)

Photo 6-L. No-step boarding and alighting enabled by
optical guidance system.



Photo 6-M.  Bi-articulated Volvo of Brazl (Marco Polo)
high-floor BRT vehicle with boarding/alighting “ bridges’
in lower part of each door opening (Curitiba, Brazl).

stations that match the vehicles' high floors unless a combi-
nation of doorsis provided.

6-1.2. Key Physical Features
6-1.2.1. BRT Propulsion Systems

BRT vehicle propulsion systems affect system perfor-
mance, ride quality, environmental impacts (including noise
and air pollutant emissions), attractiveness to customers and
non-customers, service reliability, overall costs, and finan-
cial feasibility. Anincreasing variety of propulsion systems
isin use or under development, particularly for use in BRT
vehicles, but there are four basic types of systems. The most
prevalent propulsion system is the thermal or internal com-
bustion engine, usually diesel cycle (compression ignition)
driving ahydraulic-mechanical transmission. The second com-
monly used propulsion system isthe electric vehicle or trolley
bus. Trolley buses normally use electric power collected from
an overhead contact system (trolley wires) to power an on-
board electric motor or motors. However, a number of other
power distribution/collection systems have been devel oped
and tried.

The third type of system has “dual mode” capabilities.
These are typified by the 18-meter (60-foot) articulated dual
mode vehiclesused in Seattle’ sCBD bustunnel and the vehi-
clesthat will be used on the South Boston Transitway. These
vehicles have full service capabilities when powered either
by an independent thermal engine (e.g., diesel, CNG, or gas
turbine) or by electric motors that receive their energy from
overhead contact wires.

The fourth and arguably most complex type of vehicle
propulsionisthe hybrid thermal-electric (the thermal part can
be diesel, CNG, or gas turbine). By definition, hybrid vehi-
cles have both thermal and electric propulsion capabilities,
but they also have on-board energy storage capabilities. The
on-board energy storageis usually electric (either a battery or
ultra-capacitor), although mechanical systemsusing flywheels
and hydraulic systems with compressed gas tanks have been
tried with mixed successin the past.

Thison-board energy storage allowsthe thermal engineto
be operated within its maximum fuel efficiency and mini-
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mum emissions range and also provides the highly peaked
energy and power needed for acceleration away from stops.
Thisreducesthe stresson theengineand allowsit to be smaller
and lighter, significantly reducing air and noise emissions
and fuel consumption. The on-board energy storage takes
advantage of regenerative braking to reduce fuel consump-
tion and brake wear and tear.

6-1.2.2. Internal Combustion Engines

The most common propulsion plant, and the one that
would be likely if a conventional busis selected for aBRT
application, is the internal combustion (e.g., clean diesel
and CNG spark ignition) engine driving a torque converter
connected to an automatic four-, five- or six-speed trans-
mission (gearbox) that is then connected to a driveshaft.
Power output is typically in the range of 250 to 350 gross
horsepower; however, for articulated vehicles operating on
hilly terrain, engines up to 450 gross horsepower have been
used.

After deductionsfor driving auxiliaries such asan alterna
tor and air-conditioning compressor and after friction losses
through the drive train, the net horsepower delivered to the
wheels can be substantially less than the gross horsepower
output. The trend is for vehicles to require more withdrawal
of power for the alternator asthe quantity of electrical equip-
ment (e.g., electric rather than direct-driven air conditioning)
on board increases.

CNG-fuelled internal combustion enginesare used by many
operatorsto reduce emissions. CNG engines have significantly
higher fuel consumption and costs and generally higher main-
tenance costs because to date they feature spark ignition and
arethrottled (as opposed to unthrottled) compressionignition
diesels. They also require costly special garaging, servicing,
and fuelling facilities.

There have been significant improvements in diesel
engines over the last two decades in response to the need to
reduce emissions. Electronically controlled, “drive-by-
wire” clean diesel engines with exhaust gas recirculation
have significantly reduced particul ate, hydrocarbon, nitrous
oxide (NO,) and carbon monoxide emissions from pre-
emissions control level by orders of magnitude.

Today’s electronically controlled clean diesel engines—
using low-sulphur fuel combined with electronically con-
trolled hydraulic-mechanical transmissions with self-cleaning
catalytic converters—can havelower particulate and hydro-
carbon emissions than CNG spark ignition engines, although
they can have slightly higher NO, emissions. These are de-
scribed in more detail in Section 6-2.

Contemporary spark ignition CNG engines have low par-
ticulate emissions and can be somewhat quieter than diesels,
but have higher total weight. (High-pressure fuel tanks have
relatively high operating and maintenance costs and higher
initial capital costs of about $50,000 per vehicle). They also
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have additional fuelling infrastructure costs compared with
clean diesel vehicles.

In the future, clean diesel engines using catalytic convert-
ers enabled by low-sulphur fuels and either CNG spark igni-
tion or diesel hybrids promise an almost compl ete elimination
of emissions as a planning and project development issue. At
the same time, advances in CNG engines (e.g., unthrottled
diesel fuel compression ignition of unthrottled gas-air mix-
tures) will significantly lower CNG operating costs, athough
additional infrastructure costs will remain.

6-1.2.3. All-Electric Trolley Buses

The other common propul sion system that has been proven
over many decades of operation is the fully electric trolley
bus. It usesan electric power usual ly provided from overhead
contact (trolley) wiresto drive motorsthat can be reversed to
brake the vehicle (saving brake wear and tear) and to regen-
erate power for other vehicles that may be simultaneously
accelerating. Unlikerail vehicles that have only one contact
wire because the rails provide the ground, trolley buses col-
lect power from two wires, one hot, oneground. Trolley buses
sometimes carry on-board energy storage or power produc-
tion mechanisms, usually batteriesor asmall “donkey” engine
plus generator, to enable them to operate for short distances
away from overhead contact wires, in order to get around
obstructions or to get to maintenance facilities if there are
central power system problems.

Over the years, a number of attempts have been made to
distribute/collect electric power for streetcars, light rail vehi-
cles, and trolley buses using different technologies than the
visually intrusive overhead contact wires. These nonstandard
distribution/collection techniques included underground con-
duitsand contact “third” railsthat were contacted by “ploughs’
that extended below the streetcar through a narrow continu-
ous slot in the street. Although this approach was aestheti-
cally superior to overhead cables, it was expensiveto build and
maintain, had safety problems, and created difficultiesfor other
city functions, such asfirefighting and utility maintenance.

A new approach for BRT vehicles is called the “stream
system,” developed in Italy. It consists of underground con-
duitswith insulated contact plates on top at the street surface.
These plates are safely energized only when the contact shoe
mounted under aBRT vehicleisdirectly overhead. This ener-
gization occurs when a powerful on-board magnet lifts up a
continuous flexible power cable in a prefabricated, water-
proof, and insulated box structure placed in atrench. This,
in turn, energizesthe contact plate at the street surface from
underneath. Although this technology is not yet proven in
extended revenue service, it has been successfully tested in
Trieste, Italy. To date, speeds are limited to under about
33 kilometers (20 miles) per hour.

The strongest advantages of an all-electric vehicle using
an external power source for BRT applications are environ-

mental friendlinessin terms of both noise and air (at least in
the vicinity of the line) emissions and very high power and
torque output, leading to high accel eration rates. M odern el ec-
tric vehicles also feature much smoother acceleration and
deceleration than conventional internal combustion vehicles
with multi-shift point hydraulic-mechanical transmissions.

Trolley buses generaly aso have the highest power-to-
weight ratio of any transit vehicle, power that can be effec-
tively transmitted to the pavement through high-traction
rubber tires. Photo 6-N shows the Quito, Ecuador, Trolebus,
whichisan al-electric BRT vehicle. A vehicle with electric
propulsion will always have the potential for higher starting
torque and higher horsepower at any given revolutions per
minute (RPMs) than athermal engine of equivalent physical
sizeand weight. An electric vehicle has excellent accel eration
and hill climb ability because the maximum tractive effort
(the force applied at the wheel) of a direct current motor
occurs at 0 RPMs.

By contrast, a diesel engine must spin to about 2,000
RPMs to produce maximum torque, and a clutch must be
used to allow the engine to be engaged with the wheels at a
standing start, at considerably lower RPMs and |ess starting
torque. Another advantage of electric traction is being able
to power more than one set of wheels, which provides better
traction in slippery conditions.

As a practical matter, the greater torque at lower RPMs
that is available with electric motors compared with thermal
enginesis abenefit with limited application. Normal acceler-
ationratesgenerally will not exceed approximately 1.3 meters
per second per second if the vehicleisto have standing pas-
sengers. Otherwise, there will be excessive grip strength
required of passengers, and they will be uncomfortable.
Emergency braking rates as high as 5 meters per second per

(Photo Credit: John Cracknell)

Photo 6-N.  Trolebus, an all-electric BRT vehicle (Quito,
Ecuador).



second can be obtained with any type of vehicle, regardless
of motive power.

Electric traction allows high acceleration from a standing
start, which isuseful when thereisfrequent starting and stop-
ping. However, this advantage fades as starting and stopping
are less frequent and high speed is desired. When higher
RPMs are maintained, either electric propulsion or internal
combustion propulsion can achieve practical, maximum accel -
eration rates. A final advantage of electric vehicles is that
because of their lower vibration, all systems (including the
electric motors, the air conditioning system, all electronics,
and the body) tend to have a longer service life than their
thermal equivalents.

The disadvantages of trolley buses are the expense of build-
ing and maintaining them, visualy intrusive infrastructure,
and serviceinflexibility (made necessary by the need to access
power provided via costly and thus limited-extent fixed infra-
structure such as overhead contact wires). This inflexibility
can be overcome in two ways.

One way to overcome the service inflexibility of trolley
buses is to use an all-electric vehicle for the all-stop service
and LRT-like service in places where acceleration rate and
environmental friendliness (especialy low noise) are most
important. Express or skip-stop services would be provided
by vehicles with thermal engines that do not require access
to overhead contact wires or another external energy source.
The other way to overcome the serviceinflexibility of trolley
busesisto utilize“dual mode’ vehiclesthat have full service
capabilities both on and off wire.

6-1.2.4. Dual Mode (Dual Power)
Thermal-Electric Drives

Dua mode vehicles combine an electric trolley bus with
an internal combustion engine (e.g., diesel, CNG, or gas tur-
bine) capable of providing full, stand-alone performance.
Dual mode vehicles therefore have the advantages of both
trolleys and normal buses with internal combustion engines.
Electricity is obtained from overhead contact wires for part
of a given route’s trgectory, typically in the center of the
city. The vehicles used in the Seattle CBD bus tunnel have
this capacity.

There can be two configurations for dual mode articu-
lated vehicles. In thefirst, one axle isdriven by the electric
motor, the other by the internal combustion engine/trans-
mission (as in Seattle). This is the most straightforward
configuration, but it has drawbacks. It must carry two com-
plete propulsion plants, making for a heavy vehicle. It also
precludes the possibility of powering more than one axle
simultaneously.

The second dual mode configuration uses an internal
combustion engine and a generator/alternator (in lieu of
overhead contact wires) to provide electric power to the
motor or motors that actually turn the wheels, thus avoiding
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the need for both an electric motor and a mechanical trans-
mission. This type of vehicle can also operate as either a
trolley bus or a diesel-electric vehicle. With this approach,
the ride quality of the vehicle is significantly advanced
because the all-electric drive eliminates the often harsh shift
points associated with hydraulic-mechanical transmissions,
but this type of vehicle tends to have lower fuel economy
than other configurations.

Havinginternally generated or externally provided (viatrol-
ley wires) electricity allows powering of multiplewheelsinthe
same way as alight rail vehicle, an approach used for vehi-
clesin Las Vegas, Nancy, France; and Boston (as shown in
Photo 6-O) and currently in servicein Lausanne, Switzerland.
Drive motors can also be mounted on asingle axleto power the
axle'stwo wheel sets, the typical solution for trolley buses, or
there can be no axlesat al, only motors directly within the hub
of the wheel. When the motors are in the whesl, tires and
wheels must be of awide design.

Putting the motors in the wheel hub is the approach taken
inall of the specialized BRT vehicles and accountsfor asig-
nificant portion of their much higher cost. The use of hub
motors means that the floor can be very low in the center of
the vehicle, making for avery wide aisle, a 100% low floor,
and the ability to have adoor to the rear of the rear axle. One
disadvantage isthat these motors are very expensive, and the
resulting system is heavy. Photo 6-P shows the drive axles
with hub motors used on a BRT vehicle.

Dual mode vehicles are attractive for transit operations
because they can combine the performance and other environ-
mental advantages of atrolley buswhen they are needed with
the freedom of movement of a conventional bus using an
on-board prime mover. The main disadvantages of dual mode
vehicles are their weight and cost. The Neoplan vehicles that
will be used on the South Boston Transitway have an esti-
mated cost of well over $1 million each, compared with about
$500,000 for a standard, diesel, 70%-low-floor, articulated

(Photo Credit: MBTA)

Photo 6-O. Neoplan AN 460 LF18-meter (60-foot) dual
mode, diesel-electric BRT vehicle proposed for South
Boston Transitway.
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(Photo Credit: Irisbus North America)

Photo 6-P. Drive axle with hub motor that permits a wide
aisle and 100% low floor.

bus. Dual mode vehicles are also more complex than con-
ventional buses. Whereas a conventional bus requires mainte-
nance of asinglethermal engineand atried and true hydraulic-
mechanical transmission, dua mode vehicles require more
maintenance effort and cost because they have more compo-
nents. The trade-offs that must be considered in specifying
the type of dual mode vehicle to use for a particular BRT
operation involve cost, complexity/reliability/maintainability,
weight, fuel consumption, and accel eration.

6-1.2.5. Hybrid Electric Drives
with Energy Storage

Hybrid drives combine a dual power vehicle (e.g., diesel,
CNG spark ignition, or gas turbine driving a generator/
alternator) with an on-board energy storage medium such
as a battery pack or an ultra-capacitor. True hybrid drive
BRT vehicles perform even better than vehicles with a
simple thermal-electric drive (in which the thermal power
is provided by diesel, liquid petroleum gas [LPG], or
CNG) without energy storage. Photo 6-Q shows a hybrid
drive BRT vehicle.

A hybrid vehicle with energy storage allows an engine
with less horsepower to be used because the engine can be
run at a much more constant load. When high power is
needed, the additional power is drawn from storage. Con-
versely, the engine can recharge the energy storage medium
while cruising or coasting. Regeneration during braking
also recharges the storage medium and reduces brake wear
and tear.

Thereare noiseand air pollution advantagesto hybrid drive
vehicles. Peak noise levels are reduced since high engine
RPMs are not required to achieve adequate accel eration or to
climb hills. The air pollution (and fuel consumption) advan-
tages stem from the more constant load on the engine. It is
much easier to optimally tune an engine to reduce emissions

.

(Photo Credit: Berkhof Jonckheere)
Photo 6-Q. Hybrid BRT vehicle.

and fuel consumption within a narrow range of operations
than in awide range of applications. Thisis one of the spe-
cial benefits of hybrid propulsion systems, even when diesel
engines are part of the mix.

Hybrid vehicles can use either of the two propulsion sys-
tem configurations noted above under dual mode vehicles,
but they may not need trolley wires. The third type of dual
power configuration available for hybridsinvolves athermal
engine, amotor/generator, and amechanical transmission, all
mounted on one drive shaft. This approach, similar to the
approach used by the Honda Insight and hybrid Honda Civic
automobiles, is being tested in revenue servicein Seattleasa
replacement for its Bredadual mode vehicles. Thisthird type
of dual power configuration has the weight penalty of a
transmission motor/generator or aternator and the stepped
shifting of a hydraulic-mechanical transmission; however,
it tends to have better fuel efficiency and acceleration than
alternative configurations.

6-1.2.6. Fuel Cells

Fuel cells, which are now in demonstration operation
throughout theworld, will mark aclear breakthrough in tech-
nology for buses when commercialized, especialy for BRT
vehicles. Fuel cells utilize hydrogen and oxygen to directly
produceelectricity inthe presence of acatalyst, without engines
and generatorg/dternators of any kind. Therearetwo basic fuel
cell approachesfor vehicles, oneinvolving the use of hydro-
gen gas carried in high-pressure cylinders (up to 350 bar
pressure), and another in which the hydrogen is chemically
separated from aliquid hydrocarbon fuel, such as methanol, in
areformer onboard the bus.

Water vapor isthe only exhaust product fromavehicleusing
pure hydrogen as afuel, an improvement over the imperfectly
combusted hydrocarbons, nitrous oxides, carbon monoxide
and carbon dioxide that make up the potent greenhouse gas



mix emitted by internal combustion engines. Fuel cell tech-
nology promises to be an environmental boon for the transit
industry as well as the entire large-vehicle industry because
it can run on hydrogen created from a variety of renewable
sources. Other than fan noise, fuel cell buses are remarkably
quiet, quieter than most cars.

Obstaclesstill to be overcomewith fuel cell vehiclesinclude
the following:

* The need for hydrogen extraction (which can be an
expensive, environmentally dirty operation if done
centrally);

* Theneed for more efficient, less expensive, lighter, and
more durable reformers if on-board liquid hydrocarbon
fuels (e.g., methanol) are to be used;

* The need for anew hydrogen or methanol supply infra-
structure throughout North America;

* The need for enough on-board fuel storage capacity to
provide adequate operating range regardless of fuel; and

* The need to reduce theinitial capital and ongoing oper-
ating and maintenance costs of all the above.

This technology is still some years away from commer-
cialization and competitive purchase price, but the special-
ized vehicles have been designed for eventual conversion to
fuel cell technology.

6-2. EMISSIONS

Given the service levels entailed in BRT applications
(200 or more vehicles passing by a single point in asingle
peak hour), air and noise emissionsare critical vehicle plan-
ning and design parameters. Both are frequently cited as
reasons that BRT systems are often passed over in favor of
LRT, and they are thus important vehicle planning and
selection criteria

6-2.1. Air Emissions

Great progress has been made in reducing air pollu-
tion emissions from rubber-tired transit vehicles. The base
diesel issignificantly improved from previous generations
of mechanically governed diesel engines. According to A
Sudy of Bus Propulsion Technologies Applicable in Con-
necticut (Werle, 2001), contemporary four-cycle, electron-
ically controlled diesel engines have less than one-third (as
low as 15% of earlier two cycle engines) of the particulate
emissions of pre-1994 engines and significantly lower NO,,
carbon monoxide, and hydrocarbon emissions.

Figures 6-7 through 6-10 illustrate that the propulsion
technologies increasingly being found on specialized BRT
vehicles and high-end conventiona buses (e.g., CNG and
clean diesel hybrids) have lowered emissionsfor all pollutant
types dramatically over the last 10 years. Diesel hybrids
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using low-sulphur fuels and continuously regenerating tech-
nologies (i.e., catalytic converters) reduce particulate emis-
sionsto virtually undetectable levels and hydrocarbon ozone
precursors by 70%; they also provide significant improve-
ment in fuel economy, upwards of a 30% increase.

Clean diesels using low-sul phur fuel and catalytic convert-
ers are not expected to cost significantly more to purchase
when they go into morewidespread use. They will likely only
cost afew centsmore per mileto operate (slightly higher fuel
costs) than current conventional diesel enginesand havesim-
ilar reliability levels. The low-sulphur diesel fuel needed for
the cleanest clean diesel buses—those with after-burning, self-
cleaning catalytic converters—is currently available only in
some U.S. locations today, but the U.S. EPA has mandated
that it be available everywhere by January 2006.

Diesdl hybridscurrently have somewhat lower levelsof reli-
ability than conventional hybridsand initial purchase prices of
at least $150,000. As more and more of these vehiclesgo into
general use, reliability can be expected to improve to straight
diesel levels, and the initial purchase price can be expected to
be reduced to that of CNG vehicles, about $50,000.

6-2.2. Noise

A study done in late 1970s by Saab-Scania on bus noise
determined that most bus noise was dueto peculiarities asso-
ciated with diesel enginesthat could be easily overcome. The
major sources of bus noise were the following:

* Mechanical noise (e.g., high compression ratios causing
pistons to move around in their respective cylinders,
known as “piston slap”);

* Diesel knock from high-pressure fuel injection;

* Fan noise;

* Airintake noiseg;

* Exhaust noise (limited issue); and

* Tirenoise.

Saab was able to reduce bus noise to levels that were the
same or less than those of contemporary cars (78 decibels
under full acceleration 10 meters from the vehicle on the
curb-side). They were able to achieve this with severa rela-
tively minor changes such asusing alarger, slower-turning fan
pointing backward into the vehicle's back-wash; using a
larger intake muffler; using electronically controlled “ multi-
squirt” fuel injection; and encapsulating the engine with
sound insulation, particularly underneath, to reduce mechan-
ical noise bouncing off the pavement. An independent FTA
vehicle research project came to the same conclusion and
designed a noise reduction kit that cost only about $10,000
to reduce noise by 5 to 10 decibels.

This was the situation over 20 years ago for previous-
generation propulsion technology buses. Today’ s BRT vehi-
cles with four-cycle, clean diesels; low-compression CNG
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Figure 6-7. Particulate emissions for various propulsion system types.

spark ignition engines; and/or gas turbines (either alone or
combined with electric motors or hybrid drives with energy
storage load levelling) should make noise control even easier
because the basic engine noise emissions are even lower to
start with. The major conclusion here is that noise emissions
can be reduced to levels that are, for all practical purposes,
insignificant in most BRT applications, and planners and
implementers should elect to put a noise emissions specifica
tion in their plans and procurement documents.

6-3. GUIDANCE SYSTEMS

Oneimportant new development in rubber-tired transit vehi-
cles, particularly those used for rapid transt, is the use of

advanced ITS technologies to provide lateral and even lon-
gitudinal vehicle guidance. These systems, as distinct from
the mechanical bus guidance technologies of the past (e.g.,
O’'Bahn), eliminate the need for expensive physical infra-
structure because the guidance system is based on the elec-
tronic detection of either magnetic or painted markers. The
implications of such systems on right-of-way requirements,
customer comfort, speeds, dwell times, and reliability can be
profound.

Rubber-tired, steered BRT vehicles can operatein any run-
ning way environment, from running ways where they are
mixed in with general traffic, to completely grade-separated,
speciaized busways like metro rail lines. This significant
flexibility advantage allows aminimum of specialized guide-
way to be built without forcing an undue amount of transfer-
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Figure6-8. Carbon monoxide emissions for various propulsion system types.
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propulsion system types.

ring; however, this feature presents some disadvantages as
well. These include the potential for passenger discomfort,
the need for extra right-of-way with driven vehicles, and the
difficulty drivers have in getting close enough to a station
platform to permit no-step boarding and alighting.

Perhaps the most significant disadvantage is the inability
of conventional, steered-only vehicles (buses) to support rapid,
no-step, station-platform-to-vehicle-floor boarding and alight-
ing at low-platform stations that are easy and inexpensive
to construct. The Transit Capacity and Quality of Service
Manual (Kittelson and Associates, Inc., 1999) shows no-

step, no-fare-payment-per-passenger service times from
1.1t0 2.6 secondsfor mostly boarding situations, 1.4t0 2.0
seconds for mostly alighting situations, and 2 to 3 seconds
for mixed boarding and alighting situations.

Although part of the difference between these numbers and
those shown in Table 6-2 is due to door width and internal
vehicle configuration, a high proportion is due to the fact that
people have to step up/down to board or alight from most
buses. In fact, the high-floor LRT vehicles shown inthe Tran-
sit Capacity and Quality of Service Manual (Kittelson and
Associates, Inc., 1999) have significantly higher boarding and

© b
w o s~ o
] ] ]

Fuel Economy (mpg)
N
[$2]
|

/
* CBD Cycle

2 —
1.5

14 [ Manhattan Cycle
0.5 NY Bus Cycle

0 1 1 1 1 1 1 1

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Average Speed (mph)
Neoplan AN440T CNG NovaBUS RTS Diesel < Orion VCNG
 New Flyer C40LF CNG A Orion-LMCS VI Hybrid = Nova-Allison RTS Hybrid

(Chart Courtesy of Northeast Advanced Vehicle Coalition)

Figure 6-10. Fuel economy for various propulsion system types.
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alighting times (up to 3.4 seconds per passenger) compared
with no-step heavy rail systems (aslow as 2.0 seconds).

In response to these disadvantages, a number of technolo-
gies have emerged in recent years that impart to BRT vehi-
clesthe kind of tracking precision normally associated with
rail-based rapid-transit modes. Even low-floor buses may
require stepping up and down if avehicleisstopped far enough
from the curb to require a step off the curb to the pavement
level and then astep up into thevehicle. Therefore, oneimpor-
tant new development in rubber-tired transit vehicles, partic-
ularly those used for rapid transit, isthe use of advanced ITS
technologies to provide lateral vehicle guidance and thus
support “precision docking” as well as provide longitudinal
control (e.g., starting and stopping and maintaining a safe
distance from vehicles ahead). These systems can provide the
more comfortabl e tracking and minimum right-of-way require-
ments of rail vehicles, but perhaps even more importantly,
they alow no-step boarding and alighting, which reduces
dwell time.

6-3.1. Mechanical Guidance

The first recent mechanical guidance system for buses
was originally developed as the “O-Bahn” system. This
guidance approach, similar to that utilized on the rubber-
tired, automated people mover systems often found at air-
ports, has been proven in service for many years in Essen,
Germany, and Adelaide, Australia, with newer, similar
non-O-Bahn applications in a number of British cites (e.g.,
Leeds).

These systems can utilize apre-cast, concrete “track” with
low vertical siderailsor curbs that are contacted by laterally
mounted guide wheelsthat, in turn, are connected to the vehi-
cle steering system’sidler arm. The guideway tapers where
the vehicle enters the guided section to allow easy entrance.
Once onthe guideway, the operator does not steer, but applies
only power and braking. After leaving the guideway, driver
steering isreactivated. In Essen, the vehicles shared atunnel
withlight rail vehicles. Both Essen and Adelaide applications
operated successfully for years (Essen has now ceased oper-
ation) with enviable safety records, few safety problems, and
excellent customer satisfaction.

A morerecent lateral mechanical guidancetechniqueisto
use one central guide rail or central metal guide groove in
theroadway. In the guide rail approach, therail is contacted
by a guide wheel, or sheave. There is one sheave mounted
between each set of wheels. In the guide groove approach, the
guide is contacted by a wheeled arm mounted on the center-
line of the bus. In either case, the contacting mechanism can
be retracted when the busis not operated on aguided section.

There are some differencesin how this guidance approach
has been utilized in specialized BRT vehicles. For example,
on severa vehicles, all axles swivel to provide al-wheel
steering to simplify precision docking and reduce the turning
radius. Another vehicle has rigid axles directly under the

articulation joint, also permitting al wheelsto swivel and fol-
low the same track. Tracked systems can require complex
locking/unlocking mechanisms to enable and disable axle
movement relative to the vehicle chassis depending on
whether the vehicleistraveling along aguideway. Both types
of vehicleswere tested extensively in revenue service on the
Trans Val de Marne site in suburban Paris (Ventejol, 2001).

The advantages of mechanical guidance systems are their
tight running trajectory; precision docking; and high degree
of safety, simplicity, and robustness under severe operating
conditions. Disadvantages include vehicle weight and the
additional infrastructure necessary for them to work (e.g.,
the vertical guiding surfaces or the track embedded in the
pavement). It also may be difficult for vehicles to leave and
enter guided track sections, precluding complex routing
patterns.

Guided vehicles often need a right-of-way that is physi-
cally separate from other traffic because with some systems
(e.g., O-Bahn) other vehicles cannot cross the right-of-way
except at predetermined locations. Photo 6-R showsthe guid-
ance mechanism on the Translohr BRT vehicle. Photo 6-S
illustrates arunning way with guidance track used by mechan-
ically guided vehicles in Nancy, France. Photo 6-T shows a
running way used by the mechanically guided O-Bahn sys-
tem in Adelaide, Australia. This photo illustrates the use of
vertical curbs against which the guidance wheels play.

6-3.2. Optical Guidance

Another lateral guidance technique uses a video camera
mounted on the dashboard of the vehicle for position data
acquisition. It views the position of two parallel stripes

(Photo Credit: Translohr, France)

Photo 6-R.  Guidance mechanism on BRT vehicle and
trackway.



(Photo Credit: Bombardier)

Photo 6-S.  Running way incor porating guidance track
used by Bombardier GLT vehicles (Nancy, France).

painted on the roadway in relation to the lateral position of
the vehicle and trandates the rel ative position datato a com-
puter that actually steersthe vehiclewith aservo motor when
the system is activated.

The video systems work even if the painted guide lines
are partially obscured by another vehicle, leaves, or snow.

Photo 6-T. Running way with vertical guidance walls
used by mechanically guided O-Bahn system (Adelaide,
Australia).
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The system facilitates very tight trajectories (approximately
5 centimeters), allowing close passing in the opposite direc-
tion and error-free steering along narrow streets. It also alows
vehiclesto stop at stationswithin tight lateral tolerances. This
allows high-speed vehicle entry into and exit out of sta-
tions without tire scrubbing and obviates the need for time-
consuming ramp and/or lift deployment for access/egress by
passengers who have disabilities. This latter feature can
result in significant savingsin station service/dwell times over
steering-only vehicles.

Optical guidance systemsavoid the vehicle weight asso-
ciated with mechanical systems, and infrastructure costs
are modest because no physical guide is installed in the
road beyond painted stripes. With optical guidance sys-
tems, the operator can take over at any time. Further, these
systems are compatible with operating plans that feature
mixed local and express operations on a single guideway
because of their ease of driver-steered vehicle entry and
exit.

Optical guidance systems are used on some specialized
BRT vehicles. As shown in Photo 6-U, the video camera
on the dashboard and the painted dashed lines on the pave-
ment are key components of the optical guidance system.
Photo 6-V illustrates the BRT running way in Rouen,
France, which has dashed lines for the optical guidance
system. This system been thoroughly tested in service on
the Trans Val de Marne in Paris and has been used in
Rouen and Clermont Ferrand, France, since 2001. Las
Vegas's BRT system, which will utilize the Irisbus Civis
vehicles, is scheduled to go into operation in the fall of
2003.

One disadvantage of the optical guidance system used
on the Irisbus Civis system is that because it turns like a
conventional articulated bus with only one guided/steered
axle, it must have a wider turning area than a vehicle on

"”:r,- /
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(Photo Credit: Irisbus North America)

Photo 6-U. BRT vehicle with a video camera on the
vehicle dashboard and painted, dashed lines on the
pavement as key components of the optical guidance
system.



(Photo Credit: Sam Zimmerman)

Photo 6-V. BRT running way with dashed lines for
optical guidance system (Rouen, France).

which all wheels follow the same track. This is the case
with most tracked BRT vehicle systems. Optical guidance
also lacksthe safety of positive physical guidance. At high
speeds, it is recommended that security curbs about 20
centimeters (8 inches) high be used that backup guide
wheels can follow in case of system failure. There also
may be issues at intersections where a dedicated transit-
way's guidance lines may cross other traffic markings and
confuse the system. Other safety issues include snow
obscuring the guidance lines and vandals painting errant
ones.

6-3.3. Magnetic and Other
Electronic Guidance Systems

Several organizations have developed magnetic guidance
systems for BRT. These systems use data about a vehicle's
position relative to a magnetic field created by magnets or
wires with electric current running through them embedded
in the pavement’ s surface for guidance.

The advantage of these systems is their lower cost and
vehicle weight in comparison with mechanical systems and
thefact that data can be acquired from the magnetic field with
regard to snow cover or other pavement surface conditions.
However, these systems cost more to install and maintain
than optical systems.

All guidance systems utilized for BRT, to date, providelat-
eral guidance that can always be overridden by the driver. A
driver must be present on every vehicle to start, accelerate,
and stop it. Systems that provide longitudina control (e.g.,
starting from and stopping at stations) are under development
and in experimental usein Eindhoven, Netherlands. Adaptive
cruise control systemsthat automatically apply the brakesand
release the accelerator if an obstruction (astopped vehicle) is

detected in front of the vehiclearealready in usein trucks and
will be adapted for BRT vehicle use.

6-4. IMAGE

It is not only operating characteristics that define a BRT
system. The matched characteristics of the vehicle and phys-
ical infrastructure also project a physical image. Thisimage
is further enhanced by any particular features and amenities
uniqueto the service, such as precision docking and real-time
information at stations. As described more fully in Chapter
8, theimage of a BRT system should be carefully cultivated
in the initial conceptual planning and design stages. This
image may be necessary to the ultimate success of the sys-
temfor avariety of reasons. Oneisto attract choiceriders by
providing them with a transit choice that they perceive as
more closely resembling the “ quality experience” of driving
than the background local bus system. The other reason for
cultivating a distinct image and identity is to use the system
itself for advertising and conveying information about rout-
ing and schedules. Seeing distinct vehicles on certain routes
serving certain stops and stations conveysinformation about
where and when the system goes.

Itisnot always necessary to have arail-like appearance to
be successful, as some successful applications have shown.
The MBTA’s Silver Line in Boston, Los Angeles's Metro
Rapid bus, and Brisbane's highly successful South East
Busway all successfully use late-model conventional articu-
lated and single-unit buses that are attractive but do not look
likerailcars. These systems use adistinct livery to define the
respective systems image and identity. Such a “branded”
appearance can distinguish a bus in BRT operation from a
regular one. Thelivery can be different from other buses, but
match thelivery at BRT stops, stations, and terminal s, aswell
as on information signs, graphics, and al printed matter.

In this way, the branded appearance of BRT vehicles
stresses the systemic nature of BRT services. Photo 6-W
showsthe 12.2-meter (40-foot) bus used on Brisbane' s South
East Busway.

As of 2003, at least five European bus manufacturers
(Irisbus Civis, Bombardier, Neoplan, APTS, and Translohr)
have designed and built specialized BRT vehicles that are
similar to light rail vehicles in appearance, interior, and
other features (such as guidance). In Europe and South
America, Volvo has BRT vehicle projects under way, while
in North America, both New Flyer and North American Bus
Industrieshave BRT vehicle projects closeto the production
of prototypes.

Examplesof thefeaturesof BRT vehiclesincludetheir large
sizes and distinct shapes (lengths from 13.75 to 25 meters
[45 to 80 feet]); large, panoramic passenger windows; dra-
matically curved front windscreens; several multiple-steam
doors; lateral guidance/precision docking; quiet, thermal-
electric hybrid propulsion; and the option for the driver posi-
tion to be in the center of the vehicle. By comparison, the



(Photo Credit: Barry Gyte, Brisbane, Australia)

Photo 6-W. Saab Omni “ City Bus’ on Brisbane’ s South
East Busway.

South American specialized vehicles resemble conventional
buses much morein appearance, although there are significant
functiona differences (e.g., vehicle floor-to-station-platform
bridges rapidly deployed at stops). In South America, the
emphasis is more on acquisition cost and functionality than
on image.

Examples of BRT vehicles with distinct, modern images
are shown in Photos 6-X through 6-Z. Photo 6-X shows an
18-meter (60-foot) dual mode track-guided modular BRT
vehicle. Photo 6-Y shows a 24-meter (80-foot) hybrid, which
is a magnetically guided, modular BRT vehicle. Photo 6-Z
shows a 13.8-meter (45-foot) composite BRT vehicle.

Theinterior appearance of avehicle should also be stylish,
in keeping with the exterior appearance. Panoramic and curv-
ing windows make the task of designing well-lit and attrac-
tive interiors easier. Comfortable, upholstered seats with a
generous pitch also contribute to a positive image. However,
functionality cannot take second place to appearance, evenif
specialized vehicles are selected.
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(Photo Credit: Berkhof Jonckheere)

Photo 6-Y. 24-meter (80-foot) hybrid, magnetically
guided, modular BRT vehicle.

Easy and rapid passenger boarding, alighting, and circu-
lation are still basic BRT vehicle requirements to minimize
dwell times. Distinct BRT vehicle interior layouts usually
involve large standing/circulation areas around doors.
These aid boarding, alighting, and circulation and also
function as storage areas for baby carriages, strollers, shop-
ping carts, and wheelchairs and, in the process, support the
image of aquality system that meets the needs of the entire
community. Photo 6-AA and Photo 6-AB show the interi-
ors of two BRT vehicles.

All transit buses in the United States are being delivered
with features to comply with the letter and spirit of the
ADA. Thus, as with all buses, they will be equipped with
automatic signage and audio annunciation systems for
announcing stops. Because vehicles specially designed for
BRT service operations will support easy and rapid board-
ing and alighting to accommodate significant passenger
flows, they are inherently more accessible for passengers
who have disabilities.

Given the specia status of BRT vehicles operating in
high-profile trunk lines, they are also likely to have alarge
number of connecting routes and/or branches off the trunk
route. Thus, by maintaining a high-profile image, they are
likely to provide additional information to the public on
board. This can include visual and audio annunciation of
real-time information about the next stop or stops and the
availability of connecting routes.

(Photo Credit: Translohr, France)

Photo 6-X.  18-meter (60-foot), dual mode, track-guided,
modular BRT vehicle.

(Photo Credit: North American Bus Industries)

Photo 6-Z.  13.8-meter (45-foot) composite BRT vehicle.



(Photo Credit: Translohr, France)

Photo 6-AA. Translohr BRT vehicleinterior.

6-5. PROCUREMENT ISSUES AND COSTS

Buses made in the United States that might be suitable for
BRT service will generally be articulated, low-floor buses.
However, single-unit 12.2-meter (40-foot) vehicles are also
being used, such as those used to begin service on the Metro
Rapid system in Los Angeles and the Silver Line in Boston.
Irrespective of size, the vehicles to be used in BRT service
will most likely be similar to those currently in production.
Thus, current prices might be a good guideline.

When conducting an actual procurement, more detailed
specifications might result in having slightly higher prices.
For example, BRT operations might dictate the highest horse-
power engine and gearing for acceleration, or threeor four sets
of double-channel doors might be required. As yet another

(Photo Courtesy of Bombardier)
Photo 6-AB.

“Tramontires’ interior.

example, the plushest interior with the largest seatsavailable
might be required.

Because specialized BRT vehiclesare currently produced
only in Europe and South America, they do not comply with
Buy Americarequirements for 60% U.S.-produced content.
However, at least one transit agency, Citizens Area Transit
in Las Vegas, Nevada, has obtained a waiver for the pur-
pose of providing a demonstration site. Order quantities
influence the price and willingness to locate manufacturing.
As the volume of purchases increases, it may well become
practical for vendors to meet Buy America requirements.

There are differences in philosophy between European
and U.S. procurement practices that also lead to large dif-
ferencesin purchase prices. These differences must be taken
into account when comparing prices between European
vehiclesintended for Europe and European vehiclesintended
for export to the United States. European manufacturers
tend to sell more standardized models (excluding the special-
ized vehicles). The buses are specified by selecting amongst
some standardized modules. Differences among operators
purchases are confined to afew choicesin power output and
transmissions, air-conditioning output, minor interior details,
and other limited changes. By comparison, U.S. procurements
tend to vary agreat deal from one agency to the next, includ-
ing enginesfrom morethan one manufacturer, different axles,
different door layouts, and different destination signs and
other electronics.

Variety in procurement raises cost because of the require-
ment of procuring suppliesin small quantities and preparing
different production runs. Table 6-3 shows typical purchase
prices for BRT vehicles. U.S. procurements, per FTA man-
date, often include 12-year warranties on bodies and chassis
and other shorter or longer warranties on drive train compo-
nents. Warranty costs are amost always considered operat-
ing costsin European practice, but in the United States, up to
apoint, these costs may be capitalized.

Life-cycle costs should also be a prime selection factor in
any vehicle procurement, and life-cycle costs are profoundly
affected by design life and projected duty cycle. For exam-
ple, stainless steel vehicle bodies aretypically designed for a
life of 20 years, whereas conventional mild steel—framed
transit buses have a 12-year warranted life. Electric propul-
sion systems should last longer than mechanical ones, often
as long as 30 years. Vehicles in BRT service on dedicated
rights-of-way should last longer than vehicles carrying the
same number of customersin stop and go traffic with much
more frequent local stops.

A careful comparison would dictate reviewing the differ-
ence in warranty terms and subtracting the warranty costs
from U.S. prices. A rule of thumb is to alow $50,000 extra
for CNG propulsion, whereas a premium of at least $200,000
appears to be the minimum add-on for hybrid vehicles once
they arein general production.

One of FTA’s procurement issues relating to specialized
BRT vehiclesiswhether they should be treated as buses, with
Altoonatesting requirements and mandated 12-year life, or rail
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TABLE 6-3 Typical purchasepricesfor BRT vehiclesin 2002 U.S. dollars

Vehicle Type/ Feature Cost

60-foot Conventional Diesel Low-Floor Articulated Bus $500,000-600,000
60-foot Articulated Trolley Bus $900,000-950,000
60-foot (18-meter) BRT Vehicle with guidance, internal $1,000,000-1,600,000
combustion—electric or hybrid drive

40-foot Conventional Low-Floor Bus $300,000-350,000
Hybrid Premium $100,000-200,000
CNG Premium (Vehicle Only) $50,000-100,000
Electronic (Optical, Magnetic) Guidance $100,000

vehicleswith adifferent warranted life. Asof thiswriting, this
issue has not yet been fully resolved, but a change in overal
investment policy to treat all BRT expenditures the same as
expenditures for rail-based modes (as capacity and ridership-
attracting enhancements eligible for “New Start” assistance)
should go far in clearing up these differences. I ssuesrelated to
federal funding are addressed more fully in Chapter 9.
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CHAPTER 7
ITS APPLICATIONS

BRT service should befadt, reliable, and safe. Buses should
run ontime; their performance should be monitored, and sched-
ule adjustments should be done quickly. Passengers should be
informed of when buses arrive at stations, and boardings at ste-
tions should be fast and convenient. ITSs can achieve these
objectives and greatly enhance BRT operations. ITS applica
tionsare essential complementsto running ways, stations, vehi-
cles, and overal bus operations. They can determine whether
buses are early, on time, or late; monitor bus operations; and
enhance safety and security. They can providepriority for BRT
at signdized intersections, expeditefare collection, and provide
guidance control and precision docking. Ideally, BRT should
mirror rail transit in the use of 1 TS technology.

Themain ITS elements for BRT include the following:

* Automatic vehicle location and control (AVLC), which
includes provisions for safety and security;

* Passenger information;

» Traffic signal priorities,

* Automated passenger counting;

* Electronic fare collection; and

* Vehicle guidance and control.

Figure 7-1 shows how some of these ITS elements interface
with buses, and Table 7-1 provides potentia applications for
BRT. Most BRT systemshave somel TSapplications. In places
where | TSs have been most successfully applied to BRT, such
asinLos Angeles, ITS elements have been part of ageograph-
icaly larger, functionally comprehensive I TS system.

This chapter describes the main types of ITS technologies
and their BRT applications. It draws from and extends the
information contained in Advanced Public Transportation
Systems: The Sate of the Art: Update 2000 (Casey et d.,
2000); the National Transit Institute’sITSfor Transit: Solving
Real Problems (Draft Participant’s Manual) (2002); and Ben-
efits Assessment of Advanced Public Transportation System
Technologies (Goeddel, 2000).

7-1. AUTOMATIC VEHICLE LOCATION

AVL isan integrated part of BRT fleet management. Bus
tracking uses AVL to pinpoint a bus's location on the street
network. It alows real-time monitoring of a bus's move-
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ments, control of bus headways, closer schedule adherence
(including more effective timed transfers), and the ability
to direct maintenance crews in the event of avehicle break-
down. It also gives agencies the opportunity to provide real-
time bus schedule information to patrons at stops and viathe
Internet on computers, personal digital assistants, and cell
phones. AVL systems also alow two-way communications
between bus drivers and central supervisors.

AVL systems can incorporate passenger information sys-
tems, identification for traffic signal controllers, automatic
passenger counters, and silent security alarms for operator
emergencies. AVL aso alows transit agencies to monitor
the mechanical condition of busesontheroad. It usually con-
tains some form of management reporting system.

These features make AVL an essential part of any BRT
system. Accordingly, most existing and planned BRT sys-
tems incorporate or will incorporate AVL systems.

Benefits of AVL to transit agencies and BRT include the
following:

* Improved dispatch and operated efficiency;

* Improved overall reliability of service;

* Quicker responsesto disruptionsin service such asvehi-
cle failure or unexpected congestion;

* Quicker responseto threatsof criminal activity (viasilent
alarm activation by the driver);

* Extensiveinformation provided at alower cost for plan-
ning purposes, including information on passenger loads
and travel patterns; and

* Rapid rerouting of buseswhen running waysare blocked.

AVL systems require three components. (1) a method of
determining vehicle location, (2) a means of communicating
thevehicle' slocation to amain center, and (3) acentral proces-
sor to store and manipulate the information. Typical compo-
nents of an AVL system are shown in Photo 7-A. AVL sys
tems normally come equipped with amobile dataterminal for
the driver to communicate with the dispatch center and to get
direct feedback on on-time status. The dispatch center usually
contains one or more staffed dispatch stations. Each dispatcher
usually has two screens. one with a computerized map show-
ing the current locations and status of all vehicles in service
(covered by the AVL) and one that can display a variety of
information, including communications with other drivers.
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Figure7-1. Fleet management systems.

TABLE 7-1 Potential BRT applications of ITS technologies

AVL systems can provide information to improve schedule adherence
and reduce headways.

AVL systems can provide command center control to guarantee swift
movement between feeder and express vehicles.

Real-time passenger information systems can give up-to-date information at home,
office, or station through kiosks, automated signs, and the Internet.

Automated on-board information (voice and visual) systems can give information to
passengers on stops, transfer points, and local attractions. Alternatively, they may be
used for news, weather forecasts, and other information that would be helpful to
passengers.

Automated traffic signal priority control systems can speed the movement of buses
through intersections.

Video surveillance and covert emergency systems can guarantee the safety of
customers on board vehicles and at load points and parking facilities.

Electronic passenger counting systems can provide readily retrievable information on
use of stations by bus, by time of day, and by direction of travel.

Sensors can monitor mechanical and electric systems to ensure that problems are
identified and that needed replacement vehicles are dispatched with minimum sy stem
disruption.

Smart cards can provide pre-boarding fare collection and be used on buses and in
adjacent parking facilities.

Automated docking systems can expedite the loading and unloading of passengersto
increase convenience and reduce dwell times.

Adaptive cruise control or automated guideway operation can decrease headways and
expedite service.

Automated ramp control systems can speed the movement of buses onto freeways or
dedicated lanes.
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(Source: Casey et al., 2000)

Photo 7-A.  Applications of ITSs.

7-1.1. Location Technology

The choice of location technology depends greatly on the
specific agency needs and where the system will beinstalled.
L ocation technologies are usually one of the following, but
they can be used in combination:

* Global positioning system (GPS);

* Signpost and odometer interpolation, both active and
passive;

* Dead reckoning; and

Ground-based radio, such as LORAN-C.

The advantages and disadvantages of the various available
location technologiesare set forthin Table 7-2. A description
of principal technologies follows.

7-1.1.1. GPS

GPSisthemost widely used location technology, account-
ing for about three-quartersof all AVL systemsinthe United
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States. Figure 7-2 provides an example of an AVL system
using GPS with odometer interpolation when GPS signals
are not available. GPS uses satellites to locate objects on the
earth’s surface. Like LORAN-C, GPS uses triangulation to
locate objects. One hig advantage of GPSisthat it can cover
awideareawith minimal equipment; avehiclerequiresonly an
on-board deviceto detect overhead satellites. A disadvantageis
that GPS may have trouble in natural canyons, in the “urban
canyons’ of CBDs in major cities, and in tunnels. A dead-
reckoning sensor can be added to overcome these blind spots.
Anemerging systemisthe Nationwide Differential GPSthat
has 3- to 10-meter accuracy. This system is already available
along U.S. coasts, major waterways, and in Hawaii and Puerto
Rico. Tests of AVL using Nationwide Differential GPS have
been conducted on the Acadia National Park transit system.

7-1.1.2. Sgnpost/Sensor System
This system uses fixed transmitting signposts that are

detected by passing vehicles. Thesignpost’ stransmitter signals
are used to determine the vehicle' s position, which can then
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TABLE 7-2 Synopsis of location technologies

Technology | How it Operates Advantages Disadvantages
Signpost & Signposts (beacons) are located at e Proven, well-established * Need signposts
Odometer- specific points along the route, each technology wherever AVL isto
“active” signpost transmitting a unique signal. e Lowinvehicle operate
Vehicle reads signals to determine « Noblind spots or interference | * Not effective for
location. (Vehicles usualy interpolate « Repeatable accuracy vehicles off-route or
between signposts, using their own paratransit
odometer readings.) Vehicles send
location data to dispatch.
Signpost & Each vehicle transmitsaunique signal to | « Proven, well-established e Need signposts
Odometer- various signposts, located at specific technology wherever AVL isto
“passive’ points along the route (or signposts read » Potentially reduces the operate
transponders affixed to the vehicles). The number of dedicated radio - Location only given
signposts then transmit the vehicle’'s frequencies required. when vehicle passes
location to dispatch. signpost
* Not effective for
vehicles off-route or
paratransit
GPS and A network of satellitesin orbit transmits | « Can be operated anywhere » Signals can be blocked
Differential signalsto the ground. Specia receivers GPS signals can be received by tall buildings, tree
GPS on each vehicle read the signals available | « Does not require purchase, cover, tunnels, or
to them and triangulate to determine installation, or maintenance overpasses
location. If the agency expects there to be of wayside equipment « May be subject to
long periods between GPS readings, they | » Very accurate (especially multi-patch errors
are sometimes supplemented with differential GPS)
odometer readings or even more « Moderate cost per vehicle
extensive dead reckoning.
Ground- Network of radio towers on the ground « Can be operated anywhere e Can be blocked by
Based Radio | transmits signals. Special receivers on signals can be received hills and tall buildings.
(eg., each vehicleread the signals availableto | « Does not require purchase, « Incomplete coverage
LORAN-C) them and triangul ate to determine installation, or maintenance in the United States
location. Ground-based radio is of wayside equipment » Monthly service fees
sometimes supplemented with odometer | « [ ow capital and maintenance can be high
readings for interpolations between signal costs
receptions. » Moderate accuracy
Dead- The vehicle usesits own odometer anda | « Requires no or significantly * Not asaccurate as
reckoning compass to measure its new position from less purchase and other location
itsold (known) position. Dead-reckoning maintenance of equipment if technologies without
is often supplemented by “map- signposts are used as a supplements
matching” - Comparing expected position supplement e Accuracy degrades
if the vehicleis not on aroad. Dead- » Relatively inexpensive with distance
reckoning is often supplemented with «  Self-contained on vehicles  Requiresdirection
readings from another location indication and map
technology, like signposts or GPS. matching to track
vehicles off-route.

Sourcke: Adapted from Casey et a., 2000.

be relayed back to acentral control location. When there are

no signposts, buses use their odometers to measure the dis-
tance from the last signpost. The bus's location is communi-

cated by radio frequency to acentral processor, which updates
the dispatcher, who can communicate with the driver about

hig/her progress.

7-1.1.3. Dead Reckoning

Thistechnology usesthe bus odometer and on-board com-
pass to compute itslocation. Starting from aknown position,

the system computes the distance and direction traveled and
then fine-tunes its estimated new position by comparing it
with a road map database stored in the vehicle. To correct

any location errors that accumulate, it also takes readings
from strategically located signposts. The system is the least

accurate of systems discussed.

7-1.1.4. LORAN-C

Thissystem was originally developed for the United States
Coast Guard. Ground-based transmitters, which arealready in
place, emit asignal that is picked up by buses equipped with
LORAN-C receivers, which determine the signa’ s direction.
Buses receive signals from several transmitters and triangu-
late their positions from three reference points. This system
works regionwide, rather than just along routes. However,
local topography can cause problems and dead spots.
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Figure 7-2. Schematic of an AVL systemused in a transit agency.

7-2. PASSENGER INFORMATION SYSTEMS

ITS can provide dynamic (real-time) information to pas-
sengers before trips; at stations, stops, and terminals; or on a
vehicle. Many of the automated passenger information fea-
tures associated with rail transit systems can and should be
applied to BRT. Passenger information systems for BRT
should include all methods of informing the public about the
service. Both the type of information available and how it is
provided are important. Both affect the public’s understand-
ing of the system and ease of use. Bus information systems
also can affect BRT perceptions and ridership.

Traveler information can be either static (e.g., the transit
schedule, fares, and routes) or dynamic (e.g., delaysand actual
arrival/departureinformation). A complete BRT information
system should utilize avariety of static and dynamic traveler
information devices. Furthermore, each type of information
can bedelivered in avariety of waysincluding timetable dis-
pensing kiosks, telephones, and displays for static informa-
tion and variable message signs, radio and television broad-
casts, hand-held computer devices, home computers, and
mobile phones for dynamic information. Real-time infor-
mation generally can be classified into one of three groups:
(1) pre-trip information; (2) stop, station, and terminal infor-
mation; and (3) on-board information.

7-2.1. Pre-Trip Information

Most North American BRT systems have atel ephone-based
information system that all ows patronsto obtain schedule and
route information. Systems may also have automated tele-
phone systems through which information is provided based
on input from the telephone keypad. Most transit agencies
also maketrip planning information available viathe Internet.

Several BRT systems have implemented advanced real-
time systems that provide patrons with information on when
buses will actually arrive and/or depart. Some even provide
the actual location of buses. This information is delivered
over fixed and mobile phones; through interactive computer

terminals at kiosks; and over the Internet to portable com-
puters, personal digital assistants, and other such devices.

7-2.2. Stop, Station, and Terminal Information

At aminimum, BRT stops, stations, and terminals should
provide route numbers, static schedule information, and route
maps. Several BRT systems, such as Boston’s Silver Line,
Los Angeles’s Metro Rapid, Ottawa’ s Transitway System,
Brisbane's South East Busway, and Vancouver's B-Line
provide real-time information at stations.

Passenger information may come from video monitors or
variable message signs, depending on the application and
need for security. Monitors can be used when alarge amount
of information is being displayed and when there is a need
for color and graphicsto explain various options (e.g., in ter-
minals). Variable message signs are more appropriate when
information about a few buses is needed and security is an
issue (e.g., a remote bus stops). Passengersmay also get infor-
mation at load points from mobile devices, persona digital
assistants, and other wireless devices.

Figure 7-3 shows the Service Area Traveler Information
Network that is used in the New York City areato provide
information on traffic conditions, bus returns and schedules,
weather, tourism, and park-and-ride. The system wasinstalled
at major busterminals and transit centers. Costsfor a 20-kiosk
systemwere $1.3 million. Figure 7-4 showsthe Transit Watch
Screen used at Seattle’ sNorthgate Transit Center. The screen
identifies bus routes, destinations, scheduled bus departures
and loading bays, and departure status.

Recent applications of BRT in Los Angeles and Vancou-
ver have included “next bus’ departure information in real-
time. Variable message signs provide real-time information
for the next bus (see Photo 7-B). Real-time transit informa-
tion used for light, heavy, and commuter rail systems, such
as variable message signs or video monitors, may be appli-
cable to BRT systems. Traveler information is typically pro-
vided at stations and transit centers. King County Metro in
Seattle hasplaced video monitorswith real-time bus departure
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Figure 7-3. Satin kiosk screen.
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Route Destination Scheduled At Bay Depart Status
Downtown Seattle 10:45 AM 6 On Time
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Save Time. Buy a Metro Pass. 624-PASS

Last update: Tue Mar 02 10:47:43 PST 1999

(Source: Casey et al., 2000)

Figure 7-4. Sampletransit watch screen flo—Northgate transit center.



Photo 7-B.  Off-board passenger information, Metro
Rapid, Los Angeles.

information in secure locations at several transit centersin
the county.

7-2.3. On-Board Information

A traditional on-board information system consists of
printed timetables and driver announcements. | mprovements
in technology have allowed stop announcementsto be deliv-
ered by automated voi ce recordings or sometype of message
display. These systems can also announce transfer opportu-
nities and local attractions. Some systems carry advertising
messages to help cover the costsinvolved.

Several BRT systems have automated station announce-
ments on vehicles. They include the Boston Silver Line,
the Ottawa Transitway System, Pittsburgh’s busways (on
some buses), Brisbane's South East Busway, Rouen’s
BRT, and Curitiba's median busway system. Photo 7-C

Photo 7-C.  On-board passenger information, Paris,
Val-de-Marne (Trans Val-de-Marne).

77

shows the passenger information provided on buses using
the Val-de-Marne BRT in Paris.

7-2.4. Summary

A BRT system should provide information for pre-trip
planning and at stations and on buses. A BRT patron should
be able to access trip planning and real-time system infor-
mation while at work, on the computer, or using a wireless
device. Once at astation or stop, real-timeinformation should
be available to tell the patron the current status of the system.
Finally, on-board automated voi ce recordings or message dis-
plays should provide information on where to get off the bus.
The passenger should be provided with real-time information
on the status of bus routes at every stage of the trip.

7-3. TRAFFIC SIGNAL PRIORITIES

Traffic signal priority is an ITS strategy that gives buses
preference at signals, whenever they arrive at an intersection,
or only under certain conditions (e.g., when buses run late).
Asdescribed in Chapter 4, signal prioritization can reducethe
mean and variance of bus delays with minimum impacts on
crossstreet traffic. The number of signal applicationsfor BRT
priority continues to increase. BRT systemsin Los Angeles,
Vancouver, and Rouen, and under development along Line 22
in Santa Clara and Euclid Avenue in Cleveland provide (or
will provide) preference to BRT vehicles.

7-3.1. Techniques

Buses can communicate with traffic signals in severa
ways, including asonic or optical pulse. One promising future
application is allowing AVL systems to interact with traffic
signals. Thebasic steps of signal prioritization include initiat-
ing abus call, communicating between the bus and the traffic
signal, and then implementing traffic signal control intelli-
gence (signa timing that changes the intersection timing,
thereby providing priority). Implementing signal priority
requires traffic signal controllersthat can distinguish between
apriority cal from a bus and a preemption call for an emer-
gency vehicle; proper control algorithms are essential.

A wide range of system architectureis used for bus prior-
ity in cities around the world. Systems are evolving in com-
plexity and functionality from transponder- and tag-based
systems providing local priority to al buses, to more inte-
grated AVL/Uniform Traffic Control systems. Thelatter sys-
tems often offer real-time fleet management, passenger infor-
mation at bus stops, and “differential” priority for buses at
traffic signalsin an effort to improve bus regularity and reli-
ability, aswell asincrease operating speeds.

Table 7-3 cites the advantages and disadvantages of various
detection technologies. Many of the early installations used
optical scanning or loop detection keyed to specific locations.
Figure 7-5illustrates optical and tag priority systems. Thereis



TABLE 7-3 Advantages and disadvantages of various vehicle detection technologies

frequency transmissions from the vehicle's
emitter

Technology | Suppliers Fatures Advantages Dsadvantages
Low MFS; Detector Uses inductive radio technology with Transmitters are inexpensive and are Message transmission may be hindered
Frequency Systems/LOOPCOM; transmitters on vehicles and other standard easily removed or replaced by accumulated dirt or snow on tag
RF (100-150| Vapor VECOM through |oop detectors or antennas embedded in the
KHz) Vapor; Vapor VECOM road; transmitter factory programmed or
through LSTS interfaced from onboard keypad
Radio TOTE/AMTECH; Uses transmitter tags mounted on thesideor | Transmitters are inexpensive and are Message transmission may be hindered
Frequency AT/COMM vehicle top and antennas mounted roadside or | easily removed or replaced; can transmit | by accumulated dirt or snow on tag
@ 900-1000 overhead; historically used in toll collection, much information
MHz rail car, and containerized cargo ID; requires
FCC registration
Spread Automatic Eagle Signal/ Sweeps narrow band signal over broad part Can transmit much information Not as accurate in locating buses as
Spectrum Tracker System; of frequency spectrum; uses transmitter with other radio frequency technologies; can
Radio Econcile/EMTRAC directiona antenna, and an electronic auto be affected by weather; may be more
compass in each priority vehicle and receiver expensive
with omni-directional antenna at each
intersection
Infrared Siemens/HPW infrared Uses signpost on the side of the road to pick Well-proven in Europe Limited ability to provide precise
up and read signal's; most common AV vehicle information; limited amount can
technology for European bus priority systems be transmitted from vehicle; requires
line of sight
Video Racal Communications Video camera equipped with Advanced Requires line of sight
video with ALPR software | License Plate Recognition Software
Optical 3M/Opticom Uses light emitter attached to transit coach Potential advantagesif intersectionsare | Limited ability to provide precise
and different frequency than emergency already equipped with Opticom vehicle information and transmit from
vehicles which have high priority emergency preemption equipment vehicle; requiresline of sight
Vehicle IBM/Vista System; TDOA | Usestime difference of arrival and frequency Buildings may block signal; may not
Tracking & FDOA Tracking difference of arrival to locate and track radio provide precise location information for

signal priority treatment

Source: “Transit Priority Systems Study—Summary Report,” 1994.

Optical Detector :

Traffic Signal
Controller

(Source: Rutherford et al., 1995)

Figure 7-5. Examples of bus detection.




aclear trend toward using GPS to perform the location func-
tion. Thisenablesthebuspriority systemsto beintegrated with
themaster urban traffic control systems. Figure 7-6 showshow
AVL relatesto signal priorities at controllers.

Centralized AV L-related systemswork in two basic ways.
In the first method, bus detection is relayed to a traffic con-
trol center and acomputer message is sent to the local signal
controller. In the second method, GPS location and schedule
adherence information are sent to the transit control man-
agement center, and apriority request isthen submitted to the
traffic control center. In both cases, priority is then granted
or denied to the local signal controller. Several examplesare
described below.

7-3.1.1. Vancouver’'s#98 B-Line

Vancouver's #98 B-line rapid transit is one of the first to
use the Novax Bus Plus™ System (“Bus Plus™ Traffic Sig-
nal Priority System,” n.d.). Thissystem usesvehicletranspon-
dersthat emit aninfrared priority signal from adesignated bus
toidentify it asapriority vehicle. Wayside unitsmounted near
selected intersections detect the buses and then pass signals
on to master units. The master units provide timely overrides
to the traffic signal controller to expedite the passage of the
designated buses through the selected intersections (“Bus
Plus™ Traffic Signal Priority System,” n.d.). Photo 7-D
shows a bus getting priority for aleft turn.

7-3.1.2. Los Angeles Transit Priority Sgnal System

Los Angeles Metro Rapid’s Transit Priority System pro-
vides communications between antenna loops embedded in
the pavement and transmitters mounted on buses. Informa-
tion is sent to the city’ s control center, from which messages
are sent to individual controllers (Levinson et a., 2003).

A bus priority system along the portions of the Wilshire-
Whittier and VenturaBoulevards BRT routesinthe City of Los

Passenger A{J/teohriT::?(talc In-VehicIe/ -
Gounting Location 7
7

< Fixed End

Priority
Movement
Request

Continuous
Schedule
Adherence
Monitoring

Traffic
Signal
Control

(Source: ITS for Transit: Solving Real Problems, 2001)

Figure 7-6. Traffic signal priority treatment keyed to AVL.
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Photo 7-D. Traffic signal priority, Vancouver B-Line.

Angelesgives|ate busesadditional greentime (Levinsonetal.,
2003). Buses are given preference at most signalized inter-
sections where the signal green time may be advanced or
extended up to 10% of the signal cycle whenever a bus
approaches. Cycle lengths range from about 70 to 90 sec-
onds, with longer cycles in a few locations. At important
intersections, the green light can be extended only in every
other cycle. To prevent drivers from speeding up to extend
the green time, early buses are not given priority.

The system is based on communications between antenna
loops embedded in the pavement and transmitters mounted on
buses. The automati ¢ bus detection using loops and transpon-
ders was designed to reduce bus delay, maintain bus spacing,
and simultaneously minimize impact on cross traffic. Real-
time communication with the Los Angeles central urban traf-
fic control system is once per second.

A key objective of this system was to maintain uniform
headways between successive buses. The Transit Priority
System was designed and implemented by the City of Los
Angeles Department of Transportation. This program has
gained nationwide attention sinceits debut on June 24, 2000,
and has significantly improved the quality of transit opera-
tions along the two Metro Rapid corridors.

The Transit Priority System isan enhancement to thecity’s
Automated Traffic Surveillance and Control (ATSAC) sys-
tem. This concept was embraced by the Los Angeles Metro-
politan Transportation Authority and became an integral part
of its Metro Rapid program. The system has been deployed
at more than 211 intersections along the two Metro Rapid
corridorsin Los Angeles, Ventura Boulevard and Wilshire/
Whittier Boulevards.

TheTransit Priority System alsoincludes control of dynamic
passenger information signs at selected bus shelters along the
Metro Rapid routes. These highly visible light-emitting-
diode signs inform passengers of the estimated arrival times
of the “next” Metro Rapid bus. The arrival time information
is computed by the system based on the actual speed of the
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bus, isaccurateto within 1 minute, and isrelayed to the respec-
tive stations using technology similar to that used in cellu-
lar telephones.

The Los Angeles Metro Rapid also employs automatic
traffic surveillance and control technologies. Each signalized
intersection in the project is equipped with loop detectorsthat
serve as AVI sensors. These sensors, embedded in the pave-
ment, receive aradio-frequency code from asmall transpon-
der installed on the underside of a vehicle. Buses equipped
with unique transponders are detected when traveling over
the loop detectors. The loops are connected to a sensor unit
within thetraffic signal controller at each intersection, which
transmits the bus identification number to the Transit Prior-
ity Manager computer in the city’s ATSAC center at City
Hall East for tracking and scheduling comparison. (See
Photos 7-E and 7-F.)

Once the bus identification and location are received by
the Transit Priority Manager, the computer determines the
need for traffic signal priority. If the busis early or ahead of
the scheduled headway, no traffic signal priority treatment is
provided. However, if the busislate or beyond the scheduled
headway, then the downstream traffic signal controller will
provide priority to help the bus catch up with the scheduled
headway. In addition, real-time datalinksfromthe Los Ange-
les County Metropolitan Transportation Authority dispatch
center to the ATSAC center are used to obtain the daily bus
assignment for schedule comparison.

Traffic signal control at each intersection is provided by a
Model 2070 controller that is equipped with a state-of -the-art
software program developed by the City of Los Angeles
specifically for this project. Once the Model 2070 traffic sig-
nal controller receives a request from the Transit Priority
Manager, it implements one of the four types of traffic sig-
nal priority actions depending on the point in time when the
signal controller receives the commands relative to the back-
ground cycle. The four types of traffic signal priority arethe
following:

Photo 7-E.  Central control room, Metro Rapid, Los
Angeles.
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Photo 7-F.  Control room bus location bus plan displays,
Metro Rapid, Los Angeles.

» Early Green priority isgranted when abusisapproach-
ing ared signal. The red signal is shortened to provide
agreen signal sooner than normal.

* Green Extendpriority isgranted when abusisapproach-
ing a green signal that is about to change. The green
signal is extended until the bus passes through the
intersection.

* Free Hold priority is used to hold a signal green until
the bus passes through the intersection during noncoor-
dinated (free) operation.

* Phase Callbrings up a selected transit phase that might
not normally be activated. This option is typically used
for queue jumper operation or a priority left-turn phase.

7-3.1.3. Benefits of Bus Priority Systems

Bus priority systemsbenefit BRT by reducing the average
delays and the variability of delays at traffic signals. A wide
range of bus travel time savings has been reported.

FTA-Reported Studies. A study prepared by the Los
Angeles County Metropolitan Transportation Authority and
summarized by the Federal Transit Administration analyzed
24 signal priority projects (Casey et dl., 2000; Goeddel, 2000).
Key results are summarized as follows.

» Atlanta, Georgia. This project covered 25 buses on one
route. It shortened the red times for approaching buses.
Average travel time inbound for the entire route went
from 41.8 minutes before shortening red timesto 28 min-
utes after the change (a 33% decline). In the outbound
direction, the time went from 33.1 minutes before short-
ening red times to 27.5 minutes after the change (a
16.9% reduction).



* Anne Arundel County, Maryland. This test included
12 buses and 14 intersections. A 10-minute savings for
a52-minute trip was reported.

* PierceTransit, Tacoma, Washington. This3.1-mile-long
project included 11 intersections and used 15 buses. A
6% average travel time reduction was reported.

* Toronto Transit Commission, Ontario, Canada. This
study involved 10 busestraveling over 210 intersections.
Travel timesin peak period were reduced 2 to 4%.

Recent Studies.More recent benefits resulting from traf-
fic signal priorities for buses are as follows:

* LosAngeles. Metro Rapid busesalong Wilshire-Whittier
Boulevards and Ventura Boulevard in Los Angeles
achieved a25% reduction in total travel time; signal pri-
orities accounted for 30% of the savings—a 7.5% travel
timereduction. Therewasanegligibleincreasein delays
to cross traffic (“Bus Plus™ Traffic Signal Priority
System”).

* Portland, Oregon. TriMet installed a bus priority sys-
tem at 58 intersections along Bus Routes 4 and 104.
Buses are given selective priority when they are over
90 secondslate. A 5to 8% reduction in running timewas
reported. The technology used was TriMet’s Bus Dis-
patch System (an AVL system). An on-board GPS satel-
lite receiver determines the buslocation, and an Opticom
emitter is actuated to initiate priority. All emergency
vehicleshavea”high-priority” setting that overridestran-
sit’slow-priority setting (Klousand Turner, 1999; Chada
and Newland, 2002).

* King County, Seattle. The King County Department of
Transportation implemented signal prioritieson2.1 miles
of Ranier Avenuein 2000. Five of nineintersectionswere
given priority. The system hardware included Amtech
RF radio frequency tags on buses. The am. peak period
along Ranier Avenue experienced a 12-second (13%)
reduction in average intersection delay. Theintersections
with priorities reduced the average intersection bus delay
by about 5 seconds—a 24 to 34% reduction for buses
getting priority. The priorities for buses produced mini-
mal side street delay, and no side street vehicles had to
wait more than one signal cycle (“Fina Report,” 2001).

* Bremerton, Germany. Some 105 intersectionsin the bus
service area were given traffic signa priorities. This
resulted in reducing the fleet size by 10% (Greschner
and Gerland, 2000).

* Hamburg, Germany. Traffic signal priorities were
installed along a bus route serving the major Wansbek
Market Rapid Transit Station. Both the bus travel
speeds and reliability improved. (See Figure 7-7.) Dur-
ing the peak periods overall bus speeds increased from
20.8 kilometers per hour to 26.0 kilometers per hour, a
25% gain. During the off-peak periods, bus speeds
increased from 22.3 kilometers per hour to 31.3 kilo-
meters per hour, a40% gain.
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Figure 7-7. Distribution of run times between bus stops
Rodigalles and Schifteker Weg, Hamburg, Germany.

Before priorities, the time to pass the Rodigalles and
Schifteker Weg intersections averaged 85 seconds; 32% of
the buses needed 100 seconds. With priorities at signals, the
average travel time reduced to 43 seconds; 84% of the buses
needed only 40 seconds. Therangein travel timeswas 90 sec-
onds before priorities and 50 seconds after—a dramatic
declinein running time variability.

7-4. AUTOMATIC PASSENGER COUNTERS

Automatic passenger counters (APCs) count passengers
automatically when they board and alight buses. These sys-
tems are used to devel op or refine bus schedules or to plan or
support service changes (Table 7-4). They can greatly reduce
the cost of collecting ridership information by reducing or
eliminating the need for manual checkers. APCs can also
increase the amount and quality of information obtained and
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TABLE 7-4 Uses for APC systems

Uses for Collected Data Number of Systems
Create / Evaluate / Adjust Run Times/ Schedules 14
Plan / Justify Route Changes 13
Evaluate Marketing Strategies 3

Estimate Expected Revenue
Determine Fleet Needs

Monitor Driver Performances
Determine Location of Stop Facilities
NTD (formerly Section 15) Reporting
Other

N[O W[N|F

Note: Based on 25 agencies surveyed.
Source: Baltes and Rey, 1998.

can permit continuous sampling of stop-by-stop ridership on
each BRT vehicle so equipped.

APCs typically use either treadle mats or infrared beams.
Treadle mats placed on the steps of the bus register passengers
asthey step on amat, and infrared beams (mounted either hor-
izontally or vertically) directed across the path of boarding
and alighting passengers register riders when they break the
beam. Typically, two mats or two beams are put in succession
so that a boarding passenger triggersthem in adifferent order
than does an alighting one, allowing the APC to distinguish
between boardings and alightings. Other counting technolo-
gies, such as those employing computer imaging, are being
developed. Figure 7-8 illustrates a hypothetical APC system
and shows how the various components such as GPS or radio
signposts relate to the passenger counting unit.

An electronic record is created at each bus stop that typi-
caly includesinformation on stop location, date and time, time
of doors opening and closing, the number of passengers board-
ing, and the number of passengersalighting. Theserecordsare
grouped by trip and are usually held in storage on the vehicle
until they are downloaded to a central facility for further pro-
cessing and usein operations, planning, and management. |de-
ally, the APC system is linked to an operational AVL system
employed by the same agency to pinpoint vehicle locations.

7-5. ELECTRONIC FARE COLLECTION CARDS

Fare payment methods can affect the overall success of a
BRT operation by increasing passenger convenience and oper-
aion efficiency. New fare systems may serve to attract new
passengers and retain existing passengers, whereas cumber-
some methods may inhibit ridership and hamper bus opera-
tions. Fare payment methodsal so affect the busdriver directly:
some methods are time consuming, distracting, and can lead
to driver-passenger disputes.

In addition, ITS-based electronic fare payment systems
can alow an agency to collect information about ridership
for use in planning and operations. Transit agencies using
these systems add flexihility to establishing fares, help reduce
collection costs and theft, and increase revenue by using the
“float” on prepaid fares and reducing fare evasion. Table 7-5
describes the advantages and disadvantages of various fare
collections media, including cash and tokens, paper passes
and tickets, magnetic stripe cards, and “smart cards.” Smart
cards have emerged asthe preferred option, and will be more
attractive as their costs go down.

The implementation of electronic fare payment systems
hasincreased rapidly inthe past 6 or 7 years, and several sur-
veyshave documented dramatic increases. An FTA report on
the benefits of advanced technologies for public transpor-
tation cites survey resultsin which operational deployments
increased 96% from 1996 to 1999, and planned fare sys-
tems increased 265% for that same time period (Goeddel,
2000).

7-5.1. Types of Cards

Several different types of smart cards may be used for fare
collection, including debit cards, credit cards, and magnetic
stripe fare cards. The FTA report cited above reports the fol -
lowing distribution of cards in use, under deployment, or
planned (Goeddel, 2000):

GPS/
Front Rear GPS/ -2~ Signpost
Rear Front Treadle Treadle Signpost Transmitter
Door Door Mat/l-R  Matl-R Receiver {Option)
Switch  Switch Beam Beam  (Option)
Bus S tB::fs > Passenger »Offloading
Power n ﬁlniatce Counting Unit Port
Og(i);:;tler Ea?me Bus iInfrared Garage Infrared
Signal Transceiver - Transceiver
(Option) (Option)
|
Garage
Computer

(Source: Casey et al., 2000)

Figure7-8. Illustration of a hypothetical APC system and related components.



TABLE 7-5 Fare media advantages and disadvantages

Advantages

Disadvantages

Cash and tokens:
Simplest form of payment
Most widely used

Cash and tokens

Most expensive form of payment to process

Highly susceptible to theft

High exposure to fraud

State-of -the-art cash and token collection equipment
is complex

Paper passes and tickets:
Inexpensive to purchase stock

Easily combined with other payment
technol ogy, such as magnetic stripe and
optical coating

Paper passes and tickets:

Susceptible to fraud

Labor intensive

Pre-printed stock needs to be treated like a currency

Magnetic stripe cards:
Proven technology
Inexpensive media

Can be combined with printing
Support a high number of uses

Magnetic stripe cards:

Require complex equipment

Maintenance intensive

Susceptible to accidental erasure

Have alarge variance in reliability

More susceptible to fraud than smart cards

Smart Cards:
Secure data transfer

Smart Cards:
Cost—prohibits use for single ride
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No physical connection required for
contactless applications

Larger memory capacity

Can perform complex security validation
calculations (microprocessor card)
Highly reliable

High resistance to fraud

SouRce: Casey et ., 2000.

* Unknown: 14% (not yet selected);
* Magnetic Stripe Cards: 35%;

* Smart Cards. 40%;

* Dehit Cards: 4%; and

Credit Cards: 7%.

7-5.1.1. Magnetic Sripe Cards

Magnetic stripe cards, which were first used for the Bay
Area Rapid Transit District in San Francisco in 1972, elimi-
nate the need to put cash in afarebox. The patron simply runs
the card through a reader and the magnetic stripe stores the
value left on the card or in some cases just indicates that the
card is vaid. The cards have the advantage of simple tech-
nology, aproven track record, and the ability to be purchased
prior to boarding.

7-5.1.2. Smart Cards

Smart cards are replacing magnetic stripe cards asthe fare
collection system of choice in many recent applications. The
cards look similar to standard credit cards and are equipped
with a programmable memory chip that performs severa func-
tions: holding instructions, holding value, self-monitoring, and
creating an electronic hilling record (Casey et d., 2000).

Smart cards have several advantages over magnetic stripe
cards. They cannot be erased accidentally, and they can be
identified by an electronically unique internal serial number
and cannot be duplicated fraudulently. In addition, they can

register the fare by touching a certain location on the fare col-
lection device using an active or passive radio signal. Some
smart card systems use a distance-based fare scheme, with the
exact fare calculated after one person’s card isread by the fare
device on the way in and out of the vehicle.

7-5.1.3. Credit and Debit Cards

Small financial transactions are becoming attractive to
credit card companies. Enabling the use of credit or debit
cards as atransit fare collection device has numerous advan-
tages. Transit agencies can avoid the costs of fare card dis-
tribution, advertising, billing, as well as fraud responsibili-
ties. This arrangement also increases the potential ridership
pool to all credit card holders, including infrequent ridersand
visitors from outside the transit service area.

The disadvantages are mostly institutional, in that public
and private companies do not have a history of cooperative
ventures of this type. When credit and debit cards are used,
the cards might contain two systems, one with a magnetic
stripe for normal sales transactions, and the other a contact-
less chip for the transit system transaction.

7-5.2. Reported Benefits

A study conducted for the Washington Metropolitan Area
Transit Authority concluded that electronic fare systems sup-
port numerous objectives, including the following (Multi-
systems, 2001):



7-14

* Improved travel time through faster boarding,

* Improved coordination within aregion using the same
card,

* Creation of amore seamless network with one card,

* Improved operational efficiency, and

* Increased ridership potential with added convenience
and less confusion.

The financial advantages of fare collection technologies are
shown in Table 7-6.

7-6. VEHICLE GUIDANCE

Several ITS technologies available or under development
aredesigned to assist transit operatorsin driving their vehicles
more safely and, in some cases, can control the vehicle' slane
position automatically. These technologies can be employed
along theentire running way or just at stationswhere precision
dockingisimportant to provide asmall separation between the
vehicle and the platform. Other guidance applicationsinclude
tunnels and narrow running ways. These precision docking
and collision avoidance technologies can be beneficial to BRT
systems.

7-6.1. Tight Maneuvering/Precise Docking

Precision docking applications position abus precisely rel-
ative to the curb or loading platform. The driver can maneu-
ver the bus into the loading area and then turn it over to
automation. Sensors continually determine the lateral dis-
tanceto thecurb, front, and rear, and thelongitudinal distance
to the end of the busloading area. The driver can override the

system at any time by operating the brakes or steering and is
expected to monitor the situation and take emergency action
as necessary (e.g., if a pedestrian steps in front of the bus).
When the busis properly docked, it will stop, open the doors,
and revert to manual control. Safer boarding and egress for
people with disabilities, the elderly, and children are impor-
tant considerations in devel oping these systems.

Guidance may be mechanical, optical, magnetic, or wire.
For several decades, many manufacturers in Europe have
been developing guided buses as an alternative to trains.
Daimler-Benz devel oped the O’ Bahnin 1970 for the Federal
German Government. MATRA has developed an optical
guidance system following a painted line on the road. Bom-
bardier is using a single guidance system under the center of
the road.

7-6.2. Mechanical Guidance

Mechanical guidance systems use physical contact between
wheels attached to the vehicle and some type of curb that
guides the vehicle's path. The wheels are connected to the
steering mechanism, which makes small adjustments based on
the position of the vehicle and the curb. Mechanica guidance
has been used in O’ Bahn systemsin Leeds, United Kingdom;
Essen, Germany; and Adelaide, Australia, since the 1970s. In
Leeds, itisusedin queuejumpsthat are self-enforcing because
of the technology. In Essen (a system that has since ceased
operations), the O’ Bahn shared a right-of-way with an LRT
line. In Adelaide, the O’ Bahn was selected because of its nar-
rower right-of way and reduced cross sections (about 22 feet)
in elevated structures (see Photo 7-G). Photo 7-H shows a
BRT guideway with mechanical guidance in Leeds.

TABLE 7-6 Financial advantages of electronic fare media

Increase Revenue

Decrease Costs

Shorter processing time and use of
conventional fare mediamay result in
increased ridership.

Integration with other modes or operators
may enable more customer discounts and
loyalty schemes resulting in increase
ridership and revenue.

Use of electronic fare media decreases cash/coin
handling:

cash/coins collected for fare payment (i.e., at
farebox or fare gate) decreased or eliminated;
higher value ticket/fare sales transactions,
resulting in fewer transactions.

Increased transaction data permit equitable
distribution of shared revenues and audit trail
to protect against employee theft.

Automation of fare collection processes decreases
labor costs.

Increased customer information permits
optimization of fares, schedules, and transit
service.

Use of products without mechanical/moving parts
(e.g., ticket transports) increases equipment
reliability, reducing maintenance.

Increased media security decreases fraud
levels.

SouRrck: Casey et al., 2000.



Photo 7-G. BRT guideway, Adelaide.

7-6.3. Optical Guidance

This technology uses machine vision cameras and related
equipment to read the location of a painted pile on the pave-
ment and keep the vehicle within the lane width provided.
Examples of vehicles using this type of guidance are shown
in Photos 7-1, 7-J, and 7-K.

7-6.4. Magnetic Guidance

This technology uses magnetic tape or plugs that are
located on the surface of the guideway or drilled into the pave-
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Photo 7-1.  “ Optical scanner” vehicle at station.

ment. The vehicle carries a sensor that measures the strength
of the signal and uses that information to calcul ate the lateral
position of the bus. The University of California Partnersfor
Advanced Transit and Highways (PATH) Laboratory has
been developing this technology for many years and has
conducted several successful demonstrations.

7-6.5. Wire Guidance

Inthisapplication, awireisembedded in the pavement, and
an electric current passes through the wire. The current causes
amagnetic field to be generated that can be used for guidance

Photo 7-H. BRT guideway, Leeds.

Photo 7-J. Optical guidance on a BRT vehicle.
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Photo 7-K. Precision docking at stations with a BRT
vehicle.

inaway similar to the magnetic system. The Bombardier BRT
vehiclesin Nancy, France, use alight duty track in the mid-
die of a dedicated running way that guides vehicles under
electric power. Vehicles can be steered like a bus when run-
ning on other rights-of-way under diesel power.

7-6.6. GPS

GPS-bhased guidance systems can locate the position of a
vehicletowithin 2 to 5 centimeters. Knowing where the vehi-
cleisrequires precise knowledge of the location of the road-
way lanes. If the roadway were fully described in a digital
geospatial database, it would be possible to use this to pro-
vide vehicle guidance.

7-7. COLLISION AVOIDANCE SYSTEMS

Collision avoidance systems deal with the variouswaysto
avoid bus collisions with other vehicles. There have been
several operational tests, and performance specifications are

under development. There were no operating systems as of
2002 (A Survey to Assess Lane Assist Technology Require-
ments, 2002).

7-7.1. Lane Change and Merge
Collision Avoidance

These systems warn the transit driver of hazards, espe-
ciadly in the vehicle's “blind spot,” where many accidents
happen. More advanced applications provide information on
vehicles in adjacent lanes based on their position and veloc-
ity and whether they pose arisk to alane change or merge.

7-7.2. Collision Avoidance

Technology can help avoid callisions in both the front and
back of BRT vehicles. Radar can detect how the transit vehi-
cleisapproaching other vehicles and either warn the driver or
automatically reduce the vehicle' s speed to avoid the accident.
Rear-end collisions with the transit vehicle can be reduced
with visual warnings on the back of the bus.

7-8. BUS PLATOONS

Manually dispatched bus platoons operated on Chicago
State Street Transit Mall inthe 1980s and still operatein sev-
eral South American cities. In bus platoons, electronic tech-
nol ogies enable buses to be el ectronically coupled with short
headways and, in essence, operate as if they were a train.
This could be desirable for high-speed, high-volume express
BRT runs from afew outlying collection points to the down-
town of amgjor city. Itisalong-range opportunity for densely
developed corridors that remains to be fully developed and
tested operationally.

7-9. BENEFIT AND COST SUMMARY

Generd benefits resulting from various Advanced Public
Transportation System programs are summarized in Table 7-7.
These benefitsalso apply to BRT systems (Automatic Vehicle
Location, 2000). Examples of benefits associated with AVL,
passenger information, fare collection, traffic signal priori-
ties, and vehicle guidance are discussed below.

7-9.1. AVL

Several transit agencies have indicated that AVL systems
reduce capital and operating costs and enhance ridership. In
Kansas City, Missouri, the Kansas City Area Transportation
Authority was able to reduce the number of buses serving its
routes by seven vehicles. This translated into a capital cost
savings of $1,575,000 ($225,000 per bus). Throughout the
United States, AVL and computer-aided dispatching has
reduced bus operating costs from 4 to 9%. Some agenciesin



TABLE 7-7 Summary of Advanced Public Transportation System (APTS)

program benefits

Fleet Management Systems .

Increased transit and security
Improved operating efficiency
Improved transit service and schedule
adherence

Improved transit information

Operationa Software and Computer- .
Aided Dispatching Systems .

Increased efficiency in transit operations
Improved transit service and customer
convenience

Increased compliance with ADA requirements

Electronic Fare Payment Systems .

Increased transit ridership and revenues
Improved transit service and visibility within
the community

Increased customer convenience

Enhanced compliance with ADA

Transit Intelligent VVehicle Initiative .

Increased safety of transit passengers
Reduced costs of transit vehicle maintenance
and repairs

Enhanced compliance with ADA
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SouRck: Casey et al., 2000.

North America reporting a reduction in operating costs are
the following:

Atlanta, Georgia. The Metropolitan Transportation Area
Regiona Transportation Authority has saved $1.5 million
annually in operating costs because of the reduced need
for schedule adherence and travel time surveys.

London, Ontario. An AVL system savesLondon Tran-
sit from $40,000 to $50,000 (U.S. dollars) on each
schedule adherence survey conducted.

Kansas City, Missouri. By reducing its fleet size (as
aresult of implementing AVL), the Kansas City Area
Transportation Authority realized maintenance expense
savings of $189,000 per year ($27,000 per bus per year)
and total labor cost savings of $215,000 per year.
Baltimore, Maryland. By the fourth to sixth year of
operation, the Mass Transit Administration expects to
save $2 to 3 million per year by purchasing, operating,
and maintaining fewer vehicles because of increased
efficiencies provided by its AVL system.

Prince William County, Virginia. The Potomac and
Rappahannock Transportation Commission estimated an
annual savings of $870,000 because of its AVL system.
Portland, Oregon. TriMet’s AVL/computer aided dis-
patch (CAD) system produced an estimated annual
operating cost savings of $1.9 million, based on an
analysis of eight routes that are representative of
TriMet's service typology.

Some agencies reported other benefits of using an AVL sys-
tem. Some of these are the following:

Denver, Colorado.The Regional Transportation District
observed a5.1% increase in ridership between 1995 and

1996 and attributesthe increaseto its CAD/AVL system.
Also, an AVL system with silent alarms supported a33%
reduction in bus passenger assaults. CAD/AVL report-
edly decreased customer complaints and improved bus
performance by 9 to 23%.

Milwaukee, Wisconsin. Total revenue ridership
increased 4.8% between 1993 and 1997 for the Mil-
waukee County Transit System. The agency attributes
the improvement to its CAD/AVL system.

Toronto, Ontario. The Toronto Transit Commission
estimates that service improvements fromits AVL sys-
tem will conservatively result in a0.5 to 1.0% increase
in ridership.

Portland, Oregon. From fall 1999 to fall 2000, week-
day ridership increased by 450 for one route after
TriMet used AVL data to adjust the route's headways
and run times.

7-9.2. Passenger Information

Improved passenger information has been beneficial for
many transit agencies. Some examples are the following:

* London, United Kingdom. London Transport's

ROUTES, a computerized route planning system, gen-
erated an additional estimated £1.3 million of revenue
for bus companies, £1.2 million for the Underground,
and £1 million for therailwaysfrom increased ridership.
Helsinki, Finland. In a customer survey regarding a
real-time transit vehicle arrival display system imple-
mented on one tram line and one bus route, 16% of
tram passengers and 25% of bus passengers reported
that they increased their use of the line/route because
of the displays.
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TABLE 7-8 Cost ranges for specific ITS technologies

Subsystem/Unit IDAS No. Lifetime Capital Cost (K) Operating & Notes
Cost Element (7 years) Maintenance Cost
($K per year)
1. Information 15004 Low High Low 175 [ High 250 | 2 Staff @ $50-75K. Salary costs are fully
Service/ Provider loaded.
Labor
2. Vehicle Location | TROO7 20 10 15 Vehiclelocation interface
Interface
3. Transit Center TRO02 20 815 1720 6 12 Includes vehicle tracking & scheduling,
Software, database & information storage, schedule
Integration adjustment software, real time travel
information software, and integration
4. Electronic Farebox| TV007 10 0.8 15 0.04 0.075 On-board flex fare system DBX processor, on-
board farebox, and smart card reader
5. Trip Computer TV005 10 0.1 0.15 0.002 0.003 On-board processor for trip reporting and data
and Processor storage
6. Transit Center TROO1 10 15 30 Includes three workstations
Hardware

Norte: Costs are per bus for items 2, 4, and 5.
Source: Joint Program Office for Intelligent Transportation Systems, 2002.

e Turin, Italy. An opinion survey regarding the provi-
sion of next-stop information on board transit vehicles
revealed that 75% of customersfound the system useful.

7-9.3. Fare Collection

Fare collection systems can create system savingsthrough
lower fare avoidance, reduced labor costs, and more efficient
operations. For example, the MetroCard system saved New
York City Transit $70 million per year.

7-9.4. Traffic Signal Priorities

Travel signal prioritieshavetypically resulted in atravel
time savings of about 7 to 10%, although higher travel time
savings have been reported. (See Section 7.3 for further
discussion.)

7-10. COSTS

Capital and operating cost ranges based on the ITS Unit
Costs Database are summarized in Table 7-8. Costsfor vehi-
clelocationinterface, electronic fareboxes, and trip computer
and processors are given on aper bus basis. Generally, AVL
systems cost up to about $8,000 per bus, whereas advanced
traveler information systems cost from $2,000 to $7,000 per
bus. A TCRP study indicates that GPS-based AVL systems
cost about $13,700 per vehicle (Okunieff, 1997). Electronic
fare collection currently costs $7,000 to $12,000 per bus.
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CHAPTER 8
BUS OPERATIONS AND SERVICE

BRT service should be clear, direct, frequent, and rapid.
Service design should meet customer needswhile also attract-
ing new riders. Fares should permit rapid boarding of buses.
Marketing should focus on BRT’s unique features and fur-
ther reinforceitsidentity. Thischapter providesguidelineson
these aspects of BRT operations.

8-1. GENERAL GUIDELINES

General guidelines for BRT service planning, fare collec-
tion, and marketing, which provide a starting point that may
need adjustment in specific situations, are the following:

1. Service patternsand frequencies should reflect the city
structure, types of running way, potential markets, and
available resources.

2. Service should be simple, easy to understand, direct,
and operationally efficient. Providing point-to-point
service (one-seat rides) should be balanced against the
need for easy-to-understand, high-frequency service
throughout the day.

3. Itisgeneraly better to have few high-frequency BRT
routes than many routes operating at long headways.

4. Through service—at least for basic all-stop routes—
isdesirable when the round trip can be madein 2 hours
(3 hours maximum).

5. Busway route structure should include basic all-stop
service complemented by express (or limited-stop),
feeder, and connector service.

6. The basic all-stop service should run all-day, from
about 6 am. to midnight, 7 daysaweek, and the express
service should operate weekdays throughout the day or
just during rush hours.

7. Thebasic BRT serviceshould operate at 5- to 10-minute
intervalsduring rush hours, and 12- to 15-minuteinter-
valsat other times.

8. Busesmay runtotally or partially on dedicated rights-
of-way when such rights-of-way are available.

9. Emergency vehicles such as police cars, fire trucks,
and ambulances should be given access.

10. BRT running ways may be used by all transit opera-
torsin aregion where vehicles meet established safety
reguirements.
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11. BRT routes can share running ways with HOVs in
reserved freeway lanes when the joint use does not
reducetravel times, servicereliability, or BRT iden-
tity.

12. Public regulation of BRT operations may be needed
when services are contracted or privately operated.
Private sector operation under public supervision has
proven successful in Curitiba, where public-private
sector initiatives have resulted in an efficient, high-
quality bus service.

13. Faresshould beintegrated with therest of the bus sys-
tem, but may not necessarily be the same.

14. Fare collection should facilitate multiple-door board-
ing, at least at major stops during busy periods. Off-
board collection (preferred) or on-board multi-point
payment should be encouraged.

15. Marketing activities should focus on the key attributes
of BRT, such as service frequency, speed, comfort,
and reliability.

16. Marketing activities should promote BRT identity by
providing brochures, maps, schedules, and passenger
information that are key to the overall theme of the
BRT system.

8-2. SERVICE DESIGN

Busroutes, frequencies, and hours of service should reflect
the types of running ways, locations of major activities in
the corridor, market opportunities, and the resourcesthat are
avallable.

8-2.1. Service Types and Span

BRT service opportunities and operating hours (service
span) for each type of service on various running ways are
the following (see al'so Table 8-1):

* Along arteria roadways, where passing opportunities
arelimited, abasic all-stop BRT service should be pro-
vided (e.g., asin Vancouver). This service may be aug-
mented by conventional local bus routes (e.g., as in
Los Angeles).
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TABLE 8-1 Servicetypesand span

PRINCIPAL SERVICE
RUNNING WAY PATTERN

SERVICE

WEEKDAYS  SATURDAY SUNDAY

ARTERIAL STREETS ALL STOP ALL DAY ALL DAY ALL DAY
MIXED TRAFFIC CONNECTING ALL DAY ALL DAY ALL DAY
BUSLANES BUSROUTES
MEDIAN BUSWAYS
(NO PASSING)

FREEWAYS

NON STOPWITH  ALL DAY ALL DAY —
MIXED TRAFFIC LOCAL DISTR.
BUS/HOV LANES COMMUTER RUSH HOURS — —
EXPRESS
BUSWAYS
ALL STOP ALL DAY ALL DAY ALL DAY
EXPRESS DAY TIME — —
OR
RUSH HOURS!
FEEDER DAY TIME DAY TIME
SERVICE ALL DAY OR
NON-RUSH
HOURS
CONNECTING ALL DAY ALL DAY ALL DAY
BUSROUTES

NorTEes:

All Day—typically 18 to 24 hours
Daytime—typically 7am. to 7 p.m.

Rush Hours—typically 6:30 to 9 am. and 4 to 6 p.m.

1 Feeder Bus Service in Off Peak and Express Service in Peak

* Along expressways, in both mixed traffic and reserved
lanes, express bus service may be provided. This ser-
vice may operate al day (as along Lake Shore Drivein
Chicago), or it may run only in rush hours (as along
Houston’s Transitway).

* Along busways with provisions for passing at stations,
the basic all-stop service can be complemented by rush-
hour or all-day express service. Local feeder and con-
necting bus routes can serve busway stations. Thiscom-
bination of services maintains serviceclarity, whilealso
providing fast, transfer-free rides for commuters.
Express stops can be designated based on the number of
expected boardings, the size of the “catchment” area,
and appropriate spacing between stations to maintain
high average speeds. The Los Angeles Metro Rapid pro-
vides acombination of express and local serviceson its
on-street running ways.

* The South Miami-Dade Busway operates 17 hours
daily, the Ottawa Transitway System operates
22 hours daily, and the Pittsburgh busways operate
17 hours daily. Accordingly, it is suggested that BRT
basic services operate at |east from 6 a.m. to midnight.

Suggested hoursfor varioustypes of serviceare asfollows:

* Basic All-Stop Services—All day (typically 6 am. to
midnight), 7 days each week.

* Express Service—Weekday rush hour on busy routes,
aso7am.to7 p.m.

e Commuter Express Service—Weekday rush hours.

* Feeder Service—All day, generally 7 days each week.

* Connecting Service—All day, generally 7 days each
week.

In some cases, “feeder” service can run during off-peak
periods and be replaced by express service during weekday
rush hours. Express service generally would be limited to
weekdays.

8-2.2. Service Frequencies

Servicefrequenciesfor existing BRT systemsvary depend-
ing on the city, ridership demands, and type of service. Some
examples of service frequencies are the following:



* The backbone peak-hour service on the South Miami-
Dade Busway is provided by three express routes, with
15-minute service on each.

e Ottawa sall-stop 95 and 97 Transitway routes each oper-
ate at 4 to 5 minutes peak and 5 to 6 minutes off peak.

* Pittsburgh’s East Busway all-stop service operates at
4 to 5 minutes peak and 10 to 12 minutes off peak.

Service frequencies for each type of bus service should be
tailored to market demands. Suggested guidelinesfor various
types of BRT service are shown in Table 8-2.

BRT trunk line service should operate frequently so that
printed schedules are not required. This suggests amaximum
service frequency of 10 to 12 minutes for basic al-stop ser-
vice and for express services during daytime hours. When
two services operate on the same BRT line (e.g., limited-stop
BRT and local bus operationsor BRT expressand all stop) it
isdesirableto have combined frequencies of about 5 minutes
in the peak period and 6 to 7.5 minutes in the base period to
minimize the need for set passenger schedules. Frequencies
for connector and feeder services should reflect ridership
demands, but they should not exceed 30 minutes. When ser-
vice frequencies exceed 15 minutes, “check-face” headways
aredesirable.

Servicefreguencies, especially on peak-hour expressroutes,
should be keyed to ridership levels. On these routes, target
ridership levels of 30 to 50 passengers per 40-foot bus and
45 to 75 passengers per 60-foot bus should be achieved.
When anticipated ridership falls below the suggested mini-
mum levels, feeder rather than through service generally
should be provided.

8-2.3. Route Length
Excessively long BRT routes should be avoided to ensure

reliable service. Ideally, BRT routes should not be more than
2 hours of round trip travel time; 3 hours should be consid-

TABLE 82 Typical servicefrequencies
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ered the absol ute maximum. Assuming that routesaretailored
for the downtown users, the “reach” from downtown would
range from 10 to 20 miles. Longer routes would be possible
for express service or busways and expressways.

8-2.4. Service Patterns

The service plan should be designed for the specific needs
of each BRT environment and may include a variety of ser-
vices. An important advantage of BRT is the ability to pro-
vide one-seat rides because of the relatively small service
unit. This makes it possible to provide one-seat rides that
minimize transfers and can attract choice riders. However,
this point-to-point service must be balanced against the need
for high-frequency, easy-to-understand service throughout
the day.

When BRT operates on its own rights-of-way, the service
pattern that works best features all-stop service at all times of
day complemented by an “overlay” of integrated express ser-
vices for specific markets during peak periods. This service
patternisfound in Miami, Ottawa, and Pittsburgh. During off-
peak periods, the integrated overlay routes operate as feeders
to BRT stations. Good connecting schedules and communica-
tionfacilitiesare essential, especially wherethesefeedershave
long headways.

Asridershipincreases, it may be necessary to increasetrunk
line service frequency by possibly converting some overlay
services to feeders (or shuttles). Transfers should take place
at stations that offer amenities and are designed to minimize
walking distances and level changes.

BRT routes should serve major generators such as employ-
ment, shopping, medical, and educational centers as directly
as possible. Routes should not be more than 20% longer in
distance than comparable trips by automobile. They should
minimizeoveral trip timesand delays by avoiding congested
roadway's, minimizing turning movementsin congested aress,
and providing asufficient number of stopsin downtown areas.

FREQUENCY (MIN)*

SERVICE TYPE! RUSH MIDDAY  EVENING SAT-SUN
HOURS

ALL-STOP (BASE SERVICE) 58 8-12 12-15 12-15

EXPRESS 8-12 10-152 — —

FEEDER 5152 10-20 10-30 10-30

COMMUTER EXPRESS 10-20 — — —

CONNECTING BUSROUTES ~ 5-15 5-20 10-30 10-30

! per Route
2When Operated
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8-2.4.1. Number of Routes

An important advantage of BRT is its ability to provide
point-to-point one-seat rides because of the relatively small
size of the basic service unit ascompared with rail transit sys-
tems. Transfersare generally minimized to attract choicerid-
ers. This operating flexibility is apparent from the number of
services provided on existing busways. Some examples are
the following:

* The South Miami-Dade Busway operates three express
routes (one operates all day) and two all-stop routes.

* TheOttawaTransitway System Routes 95 and 97 provide
22-hour al-stop service. Some 64 other routes provide
peak-period express service.

* Pittsburgh’s South Busway provides6 expressand 10 all-
stop routes. The East Busway provides 36 routes; one of
theseisthe backbone all-stop service. The West Busway
has 14 routes.

Providing point-to-point service must be balanced against
the need for easy-to-understand, high-frequency service
throughout the day. Service clarity is essential.

It is generally better to operate fewer services at shorter
headways than many services at longer headways. Thus, the
number of services should be kept to a minimum. The num-
ber of individual servicesoperated should be governed by the
berths available at locations where all buses must stop. At
these locations, two to three individual services (routes) per
berth or less should be average. This translates into six to
nine BRT services for three-berth stations. Additional ser-
vices can operate when central area distribution is provided
over several streets.

Generally, there should not be more than two branches per
basic trunk line service (route). Thisis necessary for passen-
ger clarity and the provision of reasonable frequency on each
branch. Overlay services would be an additional provision.

The maximum number of buses operating during peak
hours should be governed by the following considerations:
(1) meeting ridership demand, (2) minimizing bus conges-
tion, (3) maintaining serviceclarity, (4) controlling operating
costs, and (5) working within operational constraints. Meet-
ing these demands might require operating fewer buses than

is physically possible. Curitiba, for example, provides peak
service on 90-second headways for its median busway all-
stop service, whereas direct express buses operate on paral-
lel streets. Headway-based schedules work well when buses
operate at close intervals.

8-2.4.2. Through Service

Through routing should be encouraged where conditions
permit—at least for basic BRT services. The through routes
can serve more areas without requiring transfers, improve
bustravel times, and reduce busturnsin the city center. BRT
route segments that are connected should be balanced in
termsof servicefrequencies, routelengths, and running times.
The Ottawa and Pittsburgh transitways provide some through
service. Some peak-hour express service might haveto turn
back in the city center. These routes could turn around on
streets other thanthe main BRT route. Thismay be desirableto
better serve passengersand to reduce delaysat busy BRT stops.

8-2.4.3. Extent of Running Ways

BRT service typically operates on a variety of running
ways. It can extend beyond the limits of dedicated guideways
where reliable, high-speed operations can be sustained. Out-
lying sections of BRT lines and, in some cases, CBD distri-
bution, can use existing roads and streets. These streets, which
can include bus lanes, should be suitably modified through
graphics, signage, and pavement markings to improve BRT
efficiency, effectiveness, and identity. In Ottawa, about half
of the Transitway routes actually operate on the Transitway
itself. In Pittsburgh, more than half of the East Busway rid-
erscome from beyond the busway limits. Asageneral guide-
line, 40 to 50% of BRT route miles should be provided along
busways or in reserved freeway lanes.

8-2.5. Service Design Concepts

Examples of service patterns are given in Figures 8-1
through 8-6. Each figure is discussed below:

EXAMPLES
98 B-Line

O ) ) ) ) ) ) O Vancouver
J J J J J S .
Curitiba
A - Single BRT Route
Wilshire Blvd
Q N\ N\ N\ N\ N\ e\ Los Angeles
— L — L — W — A A

Western Ave
Chicago

B - BRT and Local Service

Figure8-1. Examples of BRT service patternsalong an arterial street.
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Waterfront <—,‘L@’

Granville Station
() Seymour/Smithe

Howe/Davie O O Seymour/Davie

1S tnoLuAas

Broad
roacway 99 B-Line

King Edward Q)
41st Avenue O

49th Avenue Q)

18 9Jj1AULID

YVR 70th Avenue
Terminal

Ko-—---
#100/404 sh_utt/e O sea Island Way
service to airport

Capstan Way O=—=C @& Shuttle service to/from Sexsmith
Park & Ride

Airport Station

Aberdeen

Alderbridge

Lansdowne

m,,,/",ﬁ-“ e

— Regular route

Westminster Hwy

PY £ 'ON

Richmond Centre

Brighouse

| |

Figure 8-2. Service pattern for Vancouver’s #98 B-line.

All Day
Arterial
Bus Lanes
CBD
- ~o Day Time or Rush Hours EXAMPLE
Mixed Flow or Reserved Lanes Lake Shore Drive
Chicago
A - Freeway Zone Express Service
Arterial
Bus Lanes
CBD
o/
Priority Lanes
-—.—.—.—.

~ EXAMPLE

Houston Transitway

Transit Center

B - Freeway Commuter Service
(Rush Hours Only)

Figure8-3. Freeway “ zone express’ service.
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Brishane, Miami,
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Figure 8-4. All-stop service and express BRT service overlay.

* Figure 8-1 showstypical all-stop BRT service along an
arterial street. It may bethe only service along the street
(e.g., Vancouver's #98 B-line), or it may be comple-
mented by conventional service (e.g., WilshireBoulevard
in Los Angeles).

* Figure 8-2 shows the service pattern for Vancouver's
#98 B-linethat operateslargely in ashared running way.

* Figure 8-3 gives an example of freeway “zone express’
service such asthe service operated in mixed traffic along
North and South Lake Shore Drive in Chicago. It also
showsafreeway commuter service such asthat operated
in reversible HOV lanes along Houston' s freeways.

* Figure 8-4 showsthat all-stop and express BRT service
can be provided along busways. This service pattern is
found in Brisbane, Miami, Ottawa, and Pittsburgh.

* Figure 8-5 gives an example of an integrated line-haul
and neighborhood collection service.

* Figure 8-6 shows the all-stop and express service pat-
terns along Brishane' s South East Busway. This system
isuniguein that serviceis provided to two separate ter-
minalsin the city center.

8-2.6. Speed Considerations

BRT operating speeds are influenced by running way
design, station spacing, station dwell times, and street traf-
fic and bus-bus interference. Station spacing of 1/2 mile to

At ~— Neighborhood Collection

{—¢ Rush Hour Express Service
T Il
8 / Busway \
[ O Qe O OO

7 Trunk Line

IIT1 %3

Figure 8-5. Integrated line-haul and neighborhood
collection service.

+ 5

1 mile along grade-separated busway stations results in a
22- to 25-mile-per-hour operating speed; however, when
the spacing is increased to 2 miles, the speed increases to
40 to 44 miles per hour, as shown in Table 8-3.

Figure 8-7 shows how arterial street bus speeds (stop-and-
go operations) relate to stop frequency and dwell times. At
two stops per mile, speeds approximate 20 miles per hour
for a 20-second stop and 15 miles per hour for a 30-second
stop. When there are four stops per mile, the speeds are about
13 miles per hour for a 20-second dwell and 10 miles per
hour for a 30-second dwell.

The effects of various arterial running ways, stop spacing,
and dwell timeson BRT speedsare shownin Table 8-4. This
table provides abasis for estimating bus speeds and compar-
ing bus speeds when there are changes in station spacing,
dwell times, and traffic conditions. Part A of thistable shows
how travel time rates (minutes per mile) increase as station
frequency and dwell times increase. Part B of the table lists
further adjustments related to location and type of running
way and traffic signal controls. Thevaluesfor “buslanewith
no right turns” should be used for median arterial busways.

Asageneral rule, thewidest practical station spacing should
be used to achieve high operating speeds. The exceptionisthe
CBD, in which closer spacing is desirable to avoid excessive
dwell times. Anather factor influencing bus speedsis the con-
gestion resulting from buses interfering with each other. The
values shown in Table 8-5 can be used to adjust estimates of
bus speeds obtained using Table 8-4 downwardsto account for
bus-bus interference. Thus, if a bus station’s capacity is 100
buses per hour, and the actual bus volume is 90, bus speeds
would be 69% of bus speeds in stations with light volumes.

FromaBRT perspective, it isdesirableto operate busroutes
at 80% or less of the capacity of the system to keep bus bunch-
ing to a minimum. Curitiba, for example, runs 40 buses per
hour on its arterial median busways to ensure good schedule
reliability and avoid bus bunching.

8-3. FARE COLLECTION

BRT fare policies are important complements to the oper-
ating plan. They entail two basic aspects: the fare structure
and how fares are collected.
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Figure 8-6. Brisbane South East Busway, all-stop and express service patterns.

8-3.1. Fare Structure

BRT fares should beintegrated with faresfor therest of the
bus system, but BRT fares do not necessarily have to be the
same. Thefare structure should be kept as simple as possible.

8-3.1.1. SameFare

BRT fares can be the same as for other bus services. The
unified fare structureiseasy for ridersto understand and facil-

TABLE 83 Busway and freeway buslane speedsasa
function of station spacing

SPEEDS (MPH)
STATION STOPS PER 20-SECOND  30-SECOND
SPACING MILE DWELL DWELL
(MILES)
0.25 40 18 16
0.50 20 25 22
1.00 1.0 34 31
1.50 0.7 42 38
2.00 05 a4 40

Sources: Kittleson Associates, Inc., 2002 (Exhibit 4-47); Transportation
Planning Handbook, 1992 (Figure 5-10).

itates transfers between connection (or feeder) buses and
trunk line BRT service.

8-3.1.2. PremiumFare

A surcharge could be established for BRT service, espe-
cialy whereitishighly differentiated from other services. The
rationaleisthat apremium service warrantsapremium charge
and that premium service has higher costs than conventional
service. Premium faresare commonly charged for expressbus
service in severa cities (e.g., New York City and Houston)
and may be appropriate when the BRT operates on grade-
separated busways. These can be“flat” faresor zonefaresin
which long distance riders pay higher fares. Zone-based or
distance-based fares, however, may complicate the fare col-
lection process and result in longer dwell times at stations.

8-3.2. Fare Collection Options

Existing BRT fare collection practicesvary widely through-
out the world. Some examples are the following:

* Some South American cities (Bogota, Curitiba, and
Quito) use metro-like fare gates or barriers in conjunc-
tion with high-platform (level) boarding of buses (see
Photo 8-A).
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(Source: St. Jacques and Levinson, 2000)

Figure 8-7. Relationship between arterial street bus speeds, stop frequency, and
dwell times.

TABLE 84 Peak-hour bustravel ratesfor various stop spacings, dwell times, and
oper ating environments

A. Base Travel Time RatesMinutes Per Mile

Average Dwell Time Stops Per Mile
Per Stop (sec.) 2 [ 47 5 [ 6 ] 7 1 8] 9] 10712
10 240 | 327 [ 377 | 430 | 488 [ 553 [ 623 | 7.00 | 875
20 273 | 393 | 460 | 530 | 6.04 | 687 | 7.73 | 867 | 10.75
30 307 | 460 [ 543 | 630 | 720 [ 620 [ 921 | 1033 [ 12.75
40 340 | 527 [ 626 | 730 | 835 | 953 [ 1071 | 12.00 | 14.75
50 374 | 592 [ 708 | 830 | 952 [ 10.88 [ 12.21 | 1367 | 16.75
60 407 | 658 | 7.90 | 930 [ 10.67 | 12.21 [ 13.70 [ 15.33 | 18.75

B. Additional Travel Time Losses/Minutes Per Mile

CENTRAL BUSINESS DISTRICT

Bus
Lane
. BusLane Bus Lanes . .
With With Right Blockedby | MixedTraffic
No Turn Del Traffic Flow
Right &y
Turns
Typica 1.2 2.0 2.5-3.0 3.0
Signal Set For Buses 0.6 14 N/A N/A
Signals More Frequent 1.7-2.2 25-3.0 3.04.0 3.54.0
Than Bus Stops
ARTERIAL ROADS OUTSIDE OF CBD
Mixed
BusLane Traffic
Typica 0.7 1.2
Range 0.5-1.0 0.8-1.6
NoTE:

Add values from Part A and Part B to obtain suggested estimate of total bustravel time. Convert total travel
time rate to estimated average speed by dividing into 60 to obtain mph. Interpolation between shown values
of dwell timeis done on a straight-line basis.

Source: Kittleson Associates, Inc., 2002.



TABLE 85 Speed reduction factorsresulting from bus-bus
interference

BUSBERTH INDEX
VOLUME-TO-CAPACITY (SPEED REDUCTION FACTOR)
RATIO
<05 1.00
0.5 0.97
0.6 0.94
0.7 0.89
0.8 0.81
0.9 0.69
1.0 0.52
11 0.35

Sourck: St. Jacques and Levinson, 1997.

* European systems generally use proof of payment,
thereby avoiding fare collection on board buses (see
Photo 8-B).

* Most North American BRT systemshave on-board fare
collection. A significant exception is Boston's Silver
Line (under construction), in which subway stationswill
have prepayment of fares.

Fare collection is generally the weakest element of BRT
systems in the United States and Canada. Efforts to address
this problem have been inhibited by service patterns and low
passenger boardings at many stations. Nevertheless, fare col-
lection practices need improvement for most systems. The
basi c objectives are to maximize passenger convenience and
minimize dwell times at stops. Multidoor boarding of buses

Photo 8-A. Fare gatesin Curitiba, Brazl.
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Photo 8-B.  Proof-of-payment systemin Trans-Val-de-
Marne, France.

should be achieved by off-board (preferred) or on-board multi-
door payment. Fast boarding is essential at major boarding
points, especially during peak periods.

8-3.2.1. Off-Board Collection

Off-board (off-vehicle) collection is customer friendly and
allowsthe use of all bus doorsfor boarding, thereby reducing
passenger servicetimes, station dwell times, bustravel times,
and operating costs. It may be achieved in severa ways.

Prepayment. Passengers can pay fares and then pass
through turnstiles or barrier gates to board buses, thereby
eliminating on-board payment. Passengers can use all doors,
keeping dwell timesto aminimum. This method of fare col-
lection isclearly applicable at major stations along busways.
However, there are several disadvantages to this method of
payment: (1) sidewalk space for fare gates may be insuffi-
cient at curbside boarding locations, (2) installation costs
may be high, and (3) heavy passenger boardings (at least 75
to 100 boardings per day) would be needed to support staffed
stations. Thus, prepayment may be impractical at many BRT
stations with low passenger boardings.
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Auxiliary Platform Personnel. Fares can be manually
collected at center and rear doors of busesat busy stationsdur-
ing the periods of peak boardings. This practice eliminatesthe
need for major capital investment, but it may increase operat-
ing costs.

Vending Machines and Proof of Payment. Boarding
passengers can use fare or ticket vending machines located
on station platforms to purchase tickets and then board
buses through all doors. In Europe, the vending machines
arelocated near each door. The validated receipts constitute
proof of payment. It is desirable to provide at least two
ticket validating machines wherever fares are collected off
the vehiclesto give backup when one machineis out of ser-
vice. The equipment needs power, communication lines,
and shelter.

Proof of Payment. This may be required where ticket-
vending machines, passes, or smart cards are used. This sys-
tem requires passengers to show their validated ticket or
passes on vehicles when regquested to do so. Fare inspectors
randomly verify fare payment and give appropriate penalties
to violators. Ticket vending machines and proof of payment
have been used successfully on new light rail lines openedin
North America since the 1980s. The advantage of reduced
dwell times at stops may outweigh the additional inspection
costs along BRT lines.

Free-Fare Zones. Free-fare zones can be used in down-
town areas with high concentrations of passenger boardings.
However, although their application is desirable for short
intra-CBD trips, free-fare zones can result in substantial rev-

enue loss from trunk line BRT passengers and high dwell
times, which could result in delay to customers.

8-3.2.2. On-Board Collection

Collecting fares on vehicles works well at low-volume
stations and during off-peak hours and eliminates the need
for special fare collection provisions on sidewalks and at
stations.

Conventional On-Board Collection. Conventional on-
board fare collection limits passenger entry to asingle door.
It results in long passenger service times, especially when
fare structuresare complex. It can beimproved by using dou-
ble channel doors; patronswith passes (or fare cards) can use
one door and cash patrons can use another.

Pay Enter Inbound, Pay L eave Outbound. Thismethod
of fare collection reducesbus dwell timesat stationsin thecity
center. It has been successfully used on Pittsburgh’s busway
system for several decades.

Passes. The use of weekly or monthly transit passes can
effectively reduce dwell times. Passengers using passes can
board all doors of three-door articul ated buses. Some random
inspection of riders is needed to deal with violators. This
practiceisused along Ottawa s95 and 97 BRT lines. Median
station dwell times along Ottawa’s 95 and 97 BRT lines are
reported to be less than 30 seconds, whereas dwell times of
1 minute or more are reported in Portland, Oregon, and New
York City (as shown in Table 8-6).

TABLE 86 P.M. peak-period bus performancein selected cities

Fifth Ave. Sixth Ave. Second Ave. Albert St. Comsrtn erce Market St.
Portland Portland Ne\gi :;ork Ottawa San Antonio | San Antonio
Type of Lane Dual Dual Curb Curb Curb Curb
BusLane BusLane BusLane BusLane BusLane BusLane
Stops per Mile 10 10 8 5 10 6
Hourly Bus Flow Rates by 15-Min Interval
Range 76-164 88-112 16-52 100-164 56-100 80-108
Median 136 96 26 132 80 96
Dwell Times by 15-Min Interval (sec)
Range 1065 8-55 19-78 15-27 10-32 23-30
Median 29 32 29 18 22 26
Mean
Coefficient of 0.52 0.54 0.57 0.59 0.81 0.57
Variation
Bus Speeds Compiled by 15-min intervals (mph)
gpaggg in Mean 26-4.7 3.7-4.2 44-80 9.1-128 42-63 6.0-7.0
Rangein
Standard 0.5-1.5 0.9-1.5 0.2-2.7 1.3-36 0.6-1.5 1.0-2.3
Deviation (mph)

Source: St. Jacques and Levinson, 2000.




Photo 8-C. ITSsmart card technology, Washington
Metropolitan Area Transit Authority.

Smart Cards. ITS smart card technology, as described in
Chapter 7, can alow simultaneous on-board fare payment and
multiple door boarding without increasing revenue loss. Pas-
sengers quickly use the cards as they board buses, as shown
in Photo 8-C. Smart cards work in a closed system through
radio frequency transmission. They work without batteries
are and contactless, and they contain read-only units, unique
serial numbers, proximity cards, and stored value features.

8-3.3. Design Considerations

The fare collection equipment provided should be suffi-
cient to minimize waiting time, transaction time, and queuing.
Factorsinclude the following:

* Ridership at each stop, on and off, all day and during
peak periods,

* Surges when vehicles arrive or unforeseen incidents
occur;

» Conflicts between arriving and departing passengers,

* Farecollection policies;

» Physical space required and available;

e Utility access; and

 Potential for vandalism.

811
8-3.3.1. Sation Dwell Time Implications

The effects of variousfare payment methods on passenger
service times are given in Table 8-7 for asingle door chan-
nel. Prepayment results in a service time of 2.5 seconds per
passenger (per door channel) as compared to 3.5 seconds for
asingleticket, token, or smart card and 4 seconds or morefor
exact change, swipe cards, or dip cards. Prepayment and smart
cardswould enable passengersto board through several doors,
further reducing service times. lllustrative comparisons for
two boarding streams are as follows:

1.8 seconds
2.4 seconds

Prepayment
Smart Cards

Therefore, for 10 boarding passengers per bus, the station
dwell times would be as follows (assuming unequal use of
doors):

Single Door Channel Two Door Channels
Exact Fare 40 seconds N.A.
Smart Card 35 seconds 24 seconds
Prepayment 25 seconds 18 seconds

8-4. MARKETING BRT SERVICE

Marketing BRT service hastwo basic objectives: to empha-
sizethe unique features of BRT and to create a unified system
image and identity by coordinating marketing with the over-
all BRT theme used throughout the system. Like any form of
public transport marketing, BRT marketing activitiesshould be
people-centered and focus on product, promotion, and price.
Examples of marketing activities and elements are shown in
Figure 8-8 and Figure 8-9. Mgjor marketing elements also can
be viewed in terms of image, information, and promaotion.

8-4.1. Image

Marketing for BRT should establish the genera image asso-
ciated with BRT and emphasize its unique attributes of speed,

TABLE 87 Buspassenger servicetimesfor variousfare collection

methods
Passenger Service Time (seconds/passenger)
Situation Observed Range | Suggested Default
BOARDING
Prepayment* 2.25-2.75 25
Single ticket or token 3.4-3.6 35
Smart card 3.0-3.7 35
Exact change 3.64.3 4.0
Swipe or dip card 4.2 4.2
ALIGHTING
Front door 2.6-3.7 3.3
Rear door 1.4-2.7 2.1
NoTEs:

Add 0.5 seconds/passenger to boarding times when standees are present.
Subtract 0.5 seconds/passenger from boarding times and 1.0 seconds/passenger from front-door

alighting times on low-floor buses.

* includes no fare, bus pass, free transfer, and pay on exit.
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PROMOTION

Use of Media

Merchant & Community
Involvement

Agency Materials

Increase Public Awareness
Reinforce Ridership
Promote New Services

PRICE

Fare Incentives

Transfers
Needs

References
Responses

PRODUCT

Services

Amenities

Equipment

Information (including
system symbols, graphics)

PEOPLE

Figure 8-8. Examples of marketing activities.

reliability, and identity. A special brand identity should be
established for BRT. Examples of systems that have devel-
oped adistinct BRT identity include Metro Rapidin LosAnge-
les; CityExpress! in Honolulu, and the Silver Line in Boston.
Distinctivelogos, color combinations, and other graphics stan-
dards should be established for use on vehicles, at stations, and
on printed materials.

8-4.2. Passenger Information

Passenger information is the backbone of the BRT mar-
keting effort. Route and service identification and vehicle
design and graphics are two important aspects of passenger
information.

8-4.2.1. Route/Service Identification

BRT routes should be clearly identified by name and num-
ber, and other services should also be clearly designated. Sym-

GRAPHICS

RESEARCH

INFORMATION USER AMENITIES
PROMOTION SERVICE

Figure 8-9. Relationship of major marketing elements.

bols such as“RAPID” or “R” could be placed on BRT vehi-
cle side and destination signs. A supplementary designation
such as“Limited,” “All-Stop,” or “Express,” (“X") could be
added when several BRT services are provided. When there
is only one service, such as along an arterial roadway, the
symboal, “X,” or “Express’ could be used.

8-4.2.2. Vehicle Design and Graphics

Vehicles should be distinctively marked, colored, and
designed to distinguish the service from conventional bus ser-
vice. The vehicle color aso should be used on system time-
tables, maps, brochures, and information signs. Metro Rapid
in Los Angeles, for example, uses red colored buses (reminis-
cent of Pacific Electric Railway red cars); Bogota, Curitiba,
and Quito use digtinctive vehicles; and the Rouen system pro-
videsaspecia imagewithitsdistinctive Irisbus Civisvehicles.

8-4.3. On-Board Information

Route information should be readable on buses. A strip
route map—similar to that used on rail and light rail lines—
should be placed within the vehicle, showing stations served.
Figure 8-10 showsthe Chicago Transit Authority card for the
Western 49 Express operations.

Stop announcements can be made automatically when com-
bined with an AVL system. Announcements for customers
without hearing impairments and customers with visua
impairments must be accompanied by visua displays for the
hearing impaired.

8-4.3.1. Wayside Information

Asdescribed in Chapter 7, automated “ next bus” informa-
tion can be provided at stations, on platforms, and within
station buildings in addition to information displays. Infor-
mation that isavailable at information displays should clearly
embody the BRT logo or signature and include BRT (and sys-
tem) route maps and schedules, vicinity maps showing perti-
nent features and attractions, hours of service operation, and
key telephone numbersto call for further information. Tradi-
tional telephone information centers and interactive voice-
responsive systems may be appropriate at major stations.

8-4.3.2. Off-Site Information

BRT information kiosks containing timetable racks and
other pertinent information can be provided at key passen-
ger attractions along each BRT route and, in some cases, as
window (or store front) displays.

8-4.3.3. Internet

The Internet has emerged as a major communications and
marketing media. In this context, it can serve as a means of
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Figure 8-10. Example of simple display of route information.

disseminating information about BRT services and how rid-
ers can use these services to reach major destinations. This
information should be clearly incorporated in transit agen-
cies' websites.

8-4.3.4. Maps, Schedules, and Brochures

BRT passenger information should clearly convey the BRT
color and logo themes. It should aso display thematic mes-
sages such as“Ride the Rapid” that emphasize the unique fea-
tures of the BRT services.

System Maps. System maps should display BRT routes
and stations in the same way that rail transit lines are dis-

played. Figure 8-11 gives an example of a system bus route
map with the BRT line superimposed. Each BRT station is
clearly identified. Connecting and other local bus routes are
noted by number at their terminal points and along the route
as needed.

The front side of the map should include the cover face of
the map when folded, be color coded as appropriate, and give
general information. Depending on the system, route infor-
mation and a schematic BRT route map should be provided.

The system map should show the following information
for each route:

* Route number;
* Route name;
* Route terminal points;
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Figure8-11. Example of a system bus route map with the BRT line.
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* Time of the first and last bus on weekdays, Saturdays,
and Sundays,

* Servicefrequency onweekdays, Saturdaysand Sundays,
and during the a.m. peak period, the midday base period,
the p.m. peak period, the evening period, and overnight
(when operated);

* Relevant fare information;

* Telephone numbersand address of the operating agency;
and

* Principal points of interest, keyed to the map.

A portion of the map could be devoted to advertising if
desired.

Passenger Schedules. Schedules should be 6 inches by
4inchesor 8inchesby 4 incheswhenfolded. Thecover should
contain the BRT route name and number, a schematic map
(if possible), and a panel that displays the BRT “theme.” A
schedule embodying these features is shown in Figure 8-12.
Colorsshould reinforcethe basic BRT vehicle color schemes.
Figure 8-13 provides examples of the busway schedules used
in Pittsburgh. Schedule covers prominently display the type
of busway operation, the route numbers, and the stops made.

Informational Brochures. Informationa brochuresshould
advise passengers when service is introduced or changed, as
well as furnish general information regarding the features of
BRT. Figure 8-14 shows the brochures used in Vancou-
ver and Brisbane. Figure 8-15 gives examples of possible

Effective 6/17/2001

Effective msnm

East Busway-
All Stops

'_":'_'.1 . nf .

& Wilkinshurg-Homewood
Express

& Wilkins Avenue Flyer
Serves

Squirrel Hill
Point Breeze

SMITHFIELD

GROVE RD.

UNIVERSITY

ELM ST.

MEDICAL CENTER

CITY CENTER

STATE ST.

MARKET ST.
HOME

PINEVILLE
AVON CENTER

Effective April 15, 2002 MTA

PORT PORT
AUTHORITY AUTHORITY

Figure 8-12. lllustrative BRT schedule.

Eifective b/ I%

West Busway-
All Stops

*  pORT
AUTHORITY
—

Figure 8-13. Marketing materials for buswaysin Pittsburgh.
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Using the
SOUTH EAST busway

CBD-Eight Mile Plains

Now Operating

Figure8-14. Marketing materials for busways in Vancouver and Brisbane.

SAVE TIME COUNT THE THE
SAVE EFFORT MINUTES SAFE WAY
SAVE MONEY YOU SAVE TO SCHOOL

GET THERE
ON TIME

Figure 8-15. Examples of BRT marketing themes.

promotional brochures keyed to a common theme, such as
“Ride the Rapid.” Newsletters, such as the “Rapid Reader
News,” can also be used to advantage.

8-4.4. Promotional Programs

Promotional programs contain three related aspects:
(1) advertising and public information, (2) service innova-
tions, and (3) pricing incentives. These programs should be
keyed to different market segments of existing and poten-
tial BRT riders. The goals of these programs are to answer
guestions about BRT services and to persuade potential
customers to use the service.

8-4.4.1. Paid Advertising

Methods of marketing BRT include TV and radio adver-
tising featuring BRT service, news media advertisements,
and the use of display advertising such as outdoor advertis-
ing posters.
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8-4.4.2. Joint Promotions

Joint promotions with noncompeting businesses should be
encouraged. Examples include fast-food outlet distribution
of complimentary ride coupons and radio mentions of BRT
in relation to specific products.

8-4.4.3. Service Innovations

“Shoppers Specia” BRT service and specia service to
sporting events or conventions are among the service inno-
vations that should be considered in marketing BRT.

8-4.4.4. Fare Incentives

A variety of fare pricing incentives can be part of BRT
marketing activities. Free rides should be provided on oper-
ating days when BRT serviceisinitiated; Provisions of such
service resulted in high first-day ridership when Brishane's

South East Busway was placed in service. Discounted weekly
and monthly passes, joint BRT fares and parking fees, and
free off-peak rides for senior citizens during pre-Christmas
shopping periodsare among fareincentive policiesthat should
be considered.
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CHAPTER 9

9-1

FINANCING AND IMPLEMENTING BRT SYSTEMS

Implementing BRT calls for a clear understanding of its
benefits and costs, the availability of funding, and the differ-
ent mechanisms that can be used to finance, develop, and
operate aBRT project. The planning and devel opment process
for BRT should be similar to that of other transit modes.
However, because BRT systems have attributes that distin-
guish them from other rapid-transit modes, including flexi-
bility in operations and incremental development, there are
several unique implementation issues associated with the
development of BRT systems.

In developing BRT systems, it is necessary to establish
how the system will be planned, designed, built, operated,
and fully integrated into the overall transport system. BRT
should be developed with each stage keyed to levels of pas-
senger demand and available resources. In addition, because
BRT systems can operate on different types of running ways
(e.g., dedicated busways or local streets), a number of agen-
cieswill beinvolved in implementing and operating the sys-
tem. This creates an additional level of institutional complex-
ity to the development of BRT projects. This chapter includes
guidelines on developing and implementing BRT systems,
including information on benefits and costs, funding sources,
institutional arrangements, policy issues, and project delivery
mechanisms.

9-1. GENERAL GUIDELINES

Several general guidelinesfor implementing BRT systems
can bedrawn from areview of previous experiencewith BRT
systems worldwide. These guidelines include the following:

1. BRT systems should be integrated with other transit
services in terms of route structure, services coordi-
nation, and fares.

2. Overall system benefits—as measured by travel time
savings, operating cost savings, and land devel opment
benefits—tend to increase in correlation with operat-
ing speeds. High speeds, however, usually result from
operating on dedicated busways, which have higher
development costs.

3. Whentravel time savingsand ridership are substantial
and market conditions are right, BRT can generate
substantial land development benefits.

4. BRT systems can be financed through combinations
of federal, state, and local government funding, aswell
as financed by the private sector.

5. Value capture, benefit assuming, and other public-
private partnerships can complement public funding
in special circumstances, particularly in proximity to
major transit stations.

6. Transit agencies, city transportation departments, and,
in some cases, state departments of transportation must
work together in planning, designing, and maintain-
ing BRT systems. Close cooperation and coordination
isessential.

7. Most BRT systems have been developed under tra-
ditional design-build arrangements. However, for
major integrated projects, alternative project delivery
strategies, such as design-build-operate-maintain
arrangements, may also be appropriate (as demon-
strated by international experience with rail systems).

8. BRT is well suited for incremental development
because of its flexibility. Each stage should contain
awell-packaged series of BRT elements and should
produce tangible benefits. Early action is essential to
maintaining community interest and support.

9. BRT systems, like any rapid-transit system, should be
designed to be as cost-effective as possible. However,
planners should not “cut corners’ by eliminating key
system elementsand their integration becauseit will till
be possible to attain minimal functionality of the bus
system. Cutting cornerswill grestly reduce the potential
benefitsthat can be achieved by afully integrated BRT
system.

10. BRT busways can be designed for possible future con-
version to rail as needs arise or ridership warrants.

11. Parking and land use policy should be carefully
designed to reinforce BRT operations.

9-2. BENEFITS AND COSTS

Benefits and costs should be estimated for each BRT line
based on the areathat is traversed, the travel time saved, and
the type of construction. Existing BRT experience can be
used as aguide in this effort.
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9-2.1. Benefits

Thebenefitsof BRT systems—Ilargely aresult of faster jour-
ney times, higher frequency, and better reliability—trandate
into increased ridership, lower operating costs, less fuel con-
sumption, greater safety, and better land devel opment benefits.

9-2.1.1. Ridership

Reported increases in BRT riders range from 20 to 80%,
as shown in Table 9-1. The increases reflect the provision of
expanded transit service, reduced travel times, system iden-
tity and branding. Collectively, they clearly demonstrate that
BRT can attract and retain new and discretionary riders.

Some evidence suggests that many of the new riders of
BRT were previously motoristsand that improved bus service
results in more frequent travel. In Houston, for example, up
to 30% of the Transitway system riders did not make the trip
before, and up to 72% were diverted from automobiles. In
Vancouver, 20% of new B-line riders previously used auto-
mobiles, 5% represented new trips, and 75% were diverted
from other buslines.

Increases in ridership attributed to BRT have ranged as
high as 100% or more over theinitial application period. For
example, transit ridership in Miami-Dade’ s South US-1 cor-
ridor has increased from approximately 7,000 daily tripsin
1996, before the South Miami-Dade Busway opened, to over
14,000 trips per day today. In Honolulu, ridership has gone
from approximately 3,000 on corridor busroutesto morethan
6,500 trips per day in the year since CityExpress! opened.

Implementation of the Metro Rapid bus on Los Angeles's
Wilshire, Whittier, and Ventura Boulevards has resulted in
increases of 20% and 50%, respectively, in total corridor bus
ridership. Over one-third of the new tripson the Metro Rapid
bus services were made by travelers who did not previously
use transit at all before the lines opened. In the Wilshire-
Whittier corridor, over 60,000 trips per day are currently
made on Metro Rapid bus, anumber currently constrained by
the capacity of 40-foot buses (to be replaced by articulated
60-foot buses, currently in procurement).

9-2.1.2. Travel Time Savings
Reported travel time savings over pre-BRT conditions are

givenin Table 9-2. Time savingsrange from 23 to 32% for city
street operations and go up to 47% for operations on busways

TABLE 9-1 Reported ridership gains

or reserved freeway lanes. Busways on dedicated rights-of-way
generally save 2 to 3 minutes per mile compared with pre-BRT
conditions, including timefor stops. Buslaneson arterial streets
typically save 1 to 2 minutes per mile. The time savings are
greatest where the bus routes previously experienced major
congestion. Pittsburgh, for example, has reported travel time
savings of up to 5 minutes per mile during peak hours.

Time savings can result in economic benefits, according to
the amount of time saved. Figure 9-1 shows the following:

e A small amount of time savings merely results in pas-
senger benéfits;

* As the time saved increases, it reduces fleet require-
ments and direct operating costs;

* A timesavingsof morethan 5 minuteson atypical urban
work trip can affect modal choice, and, under certain cir-
cumstances, it can foster land devel opment.

MBTA estimatesthat the Silver Line project will result in
a 3- to 5-minute travel time saving from Washington Street
to downtown. In Eugene, Oregon, the Lane Transit District
estimates that the BRT system will decrease travel time by
20% as compared with regular bus service in the year imple-
mentation of BRT begins.

9-2.1.3. Operating and Environmental Benefits

Thetravel time savings associated with buses operating on
their own rights-of-way are also associated with beneficia
effects on operating costs, safety, and environmental bene-
fits. Table 9-3 shows the following;

* Servicesusing Ottawa s Transitway system require 150
fewer busesthan if the Transitway system did not exist,
resulting in savings of roughly $58 million in vehicle
costs and $28 million in annual operating and mainte-
nance costs.

* Seattle’s bus tunnel has reduced surface street bus vol-
umes by 20%. Buses using the tunnel also had 40%
fewer accidents than in mixed traffic operations.

* Bogota s TransMilenio Busway reduced fatalitiesamong
transit usersby 93%. In addition, a40% dropin pollutants
was recorded during the first 5 months of operation.

 Curitibauses 30% lessfuel per capitafor transportation
than other major Brazilian cities. This has been in part
due to the huge success of the BRT system.

Application Ridership Gain Remarks
Los Angeles + 30% > 2 years, strike
Miami + 80% > 4 years
Brisbane + 60% > 18 months
Vancouver + 20% > 1 year, strike
Boston + 50% > 5 months after opening

SouRce: Levinson et al., 2003.



TABLE 9-2 Examplesof travel time savings

Type of Running Way Reported Increase

Busways, Freeway Lanes 32-47%

Bus Tunnel—Sesttle 33%

Arterial Street Busways/ Bus

29-32%
Lanes

System Reported Increase
Bogota 32%
Porto Alegre 29%

Los Angeles Metro Rapid Bus 23-28%

Source: Levinson et al., 2003.

9-2.1.4. Land Development Benefits

Reported land development benefits with full-featured
BRT are similar to those experienced aong rail transit lines.
These benefits vary by location and also depend on the pres-
ence of supportive land use policies and favorable real estate
market conditions. Table 9-4 illustrates several reported land
development benefits of BRT systems.

Studies have indicated that construction of the Ottawa
Transitway led to over $675 million (U.S. dollars) in new
construction around transit stations from the time of itsincep-
tiontothemid-1990s. A study completed by the Port Author-
ity of Allegheny County reported that $302 million in new
and improved devel opment occurred at East Busway stations
during asimilar period. Property values within walking dis-
tance of Brisbane' s South East Busway grew 20% faster than

Arterial Bus
Lane - 4 Miles

9-3

in other areasin the corridor, anincrease largely attributed to
the busway construction.

9-2.2. BRT Costs

BRT costs are made up of capital costs (including all costs
for facility development and construction) and operations
costs, which include maintenance costs.

9-2.2.1. Capital Costs

BRT facility development costs reflect the location, type,
and complexity of construction. Reported median costs were
$272 million per milefor bustunnels (2 systems), $7.5 million
per mile for independent, at-grade busways (12 systems),
$6.6 million per milefor arterial median busways (5 systems),
$4.7 million per mile for guided bus operations (2 systems),
and $1 million per milefor mixed traffic and/or curb buslanes
(3 systems). The reported capital costs for severa BRT pro-
jects are shown in the summary tables located in Appendix F.

BRT can achieve significant performance improvements
without large capital expenditures. Although desirable, it is
not necessary to construct a fully dedicated transitway over
the entire distance of abusy corridor to guarantee ahigh level
of speed, safety, and reliability for services coveringitsentire
extent. For example, although only the first approximately
8 miles from downtown Pittsburgh westward are covered
by the West Busway (or Airport Busway), West Busway BRT
users in Pittsburgh enjoy an almost congestion-free ride at
all times of day on the over 20-mile distance between the
Pittsburgh airport and downtown Pittsburgh.

BRT running waysare & so lessexpensiveto construct from
scratch (per unit length) than rail-based modes (all things

May Impact
Development

Busway/

Affects Modal Choice

CBD Bus
Lane - 1/2 Mile

-\

Degrees of Secondary Impact

Affects Operating Costs
and Fleet Requirements

_//

Passenger Time Savings Only

I I I I I
0 5

Minutes

Figure9-1. Examplesof BRT impacts.
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TABLE 9-3 Reported operating benefits

System Benefit
Ottawa Transitway 150 fewer buses, with $58 million ($C) savingsin
vehicle costs and $28 million ($C) in operating
costs.
Seattle Bus Tunnel 20% reductions in surface street bus volumes.

40% fewer accidents on tunnel bus routes.

Bogota TransMilenio Median Busway

93% fewer fatalities. 40% drop in pollutants.

Curitiba Median Busway

30% less fuel consumption per capita.

SouRCE: Levinson et al., 2003.

being equal) because they are simpler. Their construction can
be competitively procured from amuch larger number of local
firms than other forms of rapid transit. BRT also does not
require elaborate, purpose-built signal or power supply sys-
tems, and implementation of BRT rarely means construction
of totally new, expensive operating and maintenance yardsand
shops. Sophisticated, electronically guided BRT vehiclescan
be maintained and stored off-linewhereit isconvenient (e.g.,
at an existing bus operating and maintenance facility).

BRT vehicles can be conventional, low-floor, low-noise
and low-air-emissions buses. With seating and door configu-
rations optimally suited to the nature of a given market, BRT
vehicles can be painted in special livery with special graphics
to provide a system identity consistent with the rest of the
given line’ sstations, running ways, and so forth. At the other
end of the spectrum, manufacturers around theworld are pro-
ducing specia rubber-tired, steered or guided, specialized
rapid-transit vehicles.

Irrespective of whether they are conventiona buses or
purpose-built vehicles, BRT vehiclesaretypically less expen-
sive than other rapid-transit vehicles, even when the price is
adjusted for capacity and servicelife. A variety of factorsmake
BRT vehicles less expensive, including economies of scale,
competition, and lower structural strength requirements.

9-2.2.2. Operating Costs

Operating costs for BRT service are influenced by wage
rates and work rules, fuel costs, operating speeds, and rider-
ship. Operating costsfor Pittsburgh’s East and South Busways
(1989) averaged $0.52 per passenger trip. Costs per trip for
light rail linesin Buffalo, Pittsburgh, Portland, Sacramento,
and San Diego averaged $1.31; the range was from $0.97
(San Diego) to $1.68 (Sacramento). These comparisons sug-
gest that BRT can cost less per passenger trip than LRT under
the demand and operating conditions found in most U.S.
cities. Figure 9-2 illustrates operating costs per vehicle rev-
enue hour for several BRT systems.

Farebox cost recovery ratios depend on system speed, rid-
ership density, fare structure, and operations wages. Ottawa
has experienced a 60% farebox recovery systemwide, but
actually turns a small operating profit on the two routes that
operate on its Transitway system. Vancouver’'s #99 B-line
has achieved a 96% farebox recovery as compared with 32%
systemwide. Some South American citieswith high ridership
densities (e.g., Bogota and Curitiba) also fully cover BRT
operating costsfrom fares. For BRT operationsin the United
States and Canada, a target recovery ratio of at least 40 to
50% should be realized on BRT routes.

TABLE 9-4 Reported land development benefits

SYSTEM

LAND DEVELOPMENT BENEFITS

Pittsburgh East Busway

59 new devel opments within a 1500-ft radius of
station. $302 million in land development benefits
of which $275 million was new construction. 80%
is clustered at station.

Ottawa Transitway System

$1 billion ($C) in new construction at Transitway
Stations.

Adelaide Guided Busway

TeaTree Gully areais becoming an urban village.

Brisbane South East Busway

Up to 20% gain in property values near Busway.
Property values in areas within 6 miles of station
grew 2 to 3 times faster than those at greater
distances.

Source: Levinson et al., 2003.
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Figure 9-2. Operating costs per vehicle revenue hour.

At the demand volumesfoundin most U.S. corridors, BRT
can be the least expensive rapid-transit mode to operate and
maintain. The major operating and cost difference between
any form of rapid transit and local bus service is operating
speed, not the size of the basic service unit. For example, all
things being equal, local buses going 12 miles per hour in
mixed traffic, stopping at every street corner, are half aspro-
ductive as BRT vehiclesor LRT trains making limited stops
on a dedicated transit guideway where they might average
24 miles per hour.

The basic unit of capacity for BRT, an individual vehicle
40 to 82 feet long, is smaller than most LRT vehicles. This
means that the number of BRT vehicles and drivers required
to carry a given number of passengers past a point can be
higher than with rail rapid transit, all thingsbeing equal. How-
ever, BRT line-haul services can beintegrated with collection/
distribution, meaning that the additional overhead costs of
having separate rapid-transit, feeder, and circulator services
can be eliminated. Also, the marginal costs of maintenance
of way, signals, and power for BRT are either nonexistent or
low. BRT vehicle maintenance costs are also relatively low
(adjusted for capacity), and implementation of BRT usually
does not mean staffing a wholly new maintenance and oper-
ationsbase. BRT vehicle operations and maintenance can also
be competitively procured from any number of local transit
providers.

9-3. FUNDING AND FINANCING OPTIONS

Like other forms of rapid transit, funding and financing of
BRT systems can be accomplished through a combination of
funding and financing mechanisms. Funding can be obtained
from sources at the local, state, and federal level. In addi-
tion, innovative private-sector finance strategies and project
delivery mechanisms may enable project sponsors to lever-
age additional funding from nongovernmental sources.

9-3.1. Funding Sources

BRT projects may be funded through several categories
of federal, state, and local funding. Several issues associated
with government funding include the eligibility of BRT
projects, competition with other transit-related projects or
uses, and long-term commitment of funds for capital and
operating expenditures related to BRT projects.

9-3.1.1. Federal Funding Sources

Although thereisno federal program specifically designed
to fund BRT projects, federal funding for BRT projects is
available from several FTA programs. These include the
New Starts program, the Urbanized Area Formula Grants
program, the Bus Capital program, and the Fixed Guideway
M odernization program. In addition, funding for partsof BRT
projects may be obtained from flexible multimodal capital
assistance programs delivered as part of the federal highway
program.

Section 5309 New StartsProgram. FTA providesgrants
to state and local governments for the development of new
and improved transit facilities and services, including BRT
and fixed-guideway rail projects. FTA’s Section 5309 New
Starts program provides funds for fixed-guideway projects,
including both BRT and rail. The New Starts program isdis-
cretionary, meaning that funding decisions are made on a
project-by-project basis using information generated during
the alternatives analysis/major investment study process.

The planning and project development process for New
Starts projects is the forum for the development and refine-
ment of the project justification and local financial commit-
ment. FTA evaluates and rates candidate projects at specific
milestones throughout each project’s planning and develop-
ment. New Starts projects must be justified based on project
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justification criteria, shownin Table 9-5. Project justification
criteriaareinitialy developed as part of the alternativesanaly-
sis and are refined throughout the preliminary engineering
and final design phases of project development.

New Starts project sponsors must also demonstrate ade-
quate local support for the project, as measured by the pro-
posed share of total project costsfrom sources other than from
the New Starts program, the strength of the proposed project’s
capital financing plan, and the ability of the sponsoring agency
to fund operation and maintenance of the entire system as
planned once the guideway project is built.

New Starts funding is limited under current law to projects
that operate within a separate right-of-way. Although many
BRT projects use separate rights-of-way, they may also use
HOV lanes as well as city streets. Therefore, many BRT
projects, or large elements of BRT projects, may not be ligi-
blefor New Startsfunds. Rigid application of thisrequirement
detracts from the flexibility afforded by BRT improvements
that can be achieved outside of a separate right-of-way. This
requirement also has the potential to skew alternatives analy-
ses toward projects that are eligible for New Starts funds, as
opposed to projects that meet specific performance goals.

The 2003 FTA budget proposal to Congress represents a
change in FTA’s philosophy toward funding eligibility for
New Startsfunds. It includes provisionsfor New Starts funds
to be used for all elements of BRT projects (including ITS
improvements, vehicles and equipment, and stations) even if
they are not on a dedicated running way.

The Section 5309 New Starts program is highly competi-
tive. New Startsfunds are extremely limited, and demand for
these funds is significantly greater than the funds available.
BRT projects face stiff competition from a huge “ pipeline’
of light-rail, heavy-rail and commuter-rail projects. Funding
for additional projects is significantly constrained. Through
2001, only two BRT projects received Transportation Equity
Act for the 21st Century funding commitments for construc-

tion from the current New Starts program, totaling about
$831 million (the South Miami-Dade Busway Extension and
the South Boston Piers Transitway).

Several BRT systems that have been implemented or are
under development have received federal funding for plan-
ning, engineering, or development through the New Starts
program in the past, including the following:

* Pittsburgh—West Busway,

* Boston—Silver Lineand South Boston Piers Transitway,
* Houston—Regional Bus Plan,

* Connecticut—New Britain—Hartford Busway,

* Virginia—Dulles Corridor Rapid Transit Project,

* Cleveland—Euclid Corridor Transportation Project, and
e Miami—South Miami-Dade Busway Extension

Funding for New Starts projects in Fiscal Year 2001 is
shown in Table 9-6. Few projects have been considered for
New Starts funding through Fiscal Y ear 2002, for several rea
sons. First, few BRT projects are ready for funding consid-
eration. Thisis mainly due to the newness of the BRT con-
cept and decisions by local governments that are responsible
for conducting analyses of various alternatives and proposing
projectsfor funding. Second, FTA’sability to make new fund-
ing commitments for projects of any typeisextremely limited
because of limited resources. Finally, many BRT projectsare
not eligible for funding because projects must operate on a
dedicated running way for exclusive use of transit and HOV.

Section 5307—Urbanized Area Formula Grant Pro-
gram. Section 5307 funds are the main category of federal
funds used for transit improvements at the state and metro-
politan levels. BRT projects are eligible for Section 5307
funds, although they must compete with other transit-related
uses at the local level. State agencies, local governments,
and/or local transit agencies may apply for, receive, and

TABLE 9-5 New Startsproject justification criteria

Criterion M easur &(s)
Mohbility Improvements = Hoursof Transportation System User
Benefits
= | ow-Income Households Served
= Employment Near Stations
Environmental Benefits = Changein Regional Pollutant Emissions
L}

Change in Regiona Energy
Consumption
EPA Air Quality Designation

Operating Efficiencies

Operating Cost per Passenger Mile

Cost-Effectiveness

Incremental Cost per Hour of
Transportation System User Benefit

Transit Supportive Land Use and Future
Patterns

Existing Land Use

Transit Supportive Plans and Policies
Performance and Impacts of Policies
Other Land Use Considerations

Other Factors

Project Benefits Not Reflected by Other
New Starts Criteria

Source: "Advancing Major Transit Investments Through Planning Project Development,” 2003.
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TABLE 9-6 Fundingfor New Starts projects, 2001

Actual or Actual or
Number of ced Number of sed
Category of projects New Starts propo BRT Propo
projects funding projects funding
(millions) (millions)
Projects with full funding 26 $8,296 2 $831
grant agreements
Projects pending full funding 2 157 0 0
grant agreement
Projectsin final design 9 1,456 1 23
Projectsin preliminary 31 8,350 6 490
engineering
Other projects authorized 137 N/A 5 N/A
Total 205 $18,259 14 $1,344

Sourcke: Mass Transit—Bus Rapid Transit Shows Promise, 2001.

dispense funds for projects in designated transportation
management areas.

Activitiesthat areeligiblefor Section 5307 funding include
the following:

* Planning, engineering design, and evaluation of tran-
sit projects and other technical transportation-related
studies.

* Capital investmentsin busand bus-related activities such
as replacement of buses, overhaul of buses, rebuilding
of buses, crime prevention and security equipment, and
construction of maintenance and passenger facilities.

* Capital investmentsin new and existing fixed-guideway
systems including rolling stock; overhaul and rebuild-
ing of vehicles, track, and signals; communications; and
computer hardware and software. All preventive main-
tenance and some ADA complementary paratransit ser-
vice are considered capital costs.

Areas with populations over 200,000 may use these funds
for capital projects. For example, in Fiscal Y ear 2003, MBTA
planned to fund the Silver Line project with $150 millionin
Section 5307 funds, about $330 million in New Starts funds,
and $120 million in Massachusetts state bonds.

Bus Capital Program. The discretionary Bus Capital
program refers to grants made to public bodies and agencies
to assist in financing bus and bus-rel ated capital projects that
will benefit the country’s transit systems. This program is
characterized by arelatively large number of small grants.
The funds may be used for the following:

» Acquisition of buses for fleet and service expansion,
* Bus maintenance and administrative facilities,

* Transfer facilities,

* Busmalls,

* Transportation centers,

* Intermodal terminals,

* Park-and-ride stations,

* Acquisition of replacement vehicles,

* Busrebuilds or bus preventive maintenance,

* Passenger amenities such as passenger shelters and bus
stop signs,

 Accessory and miscellaneous equi pment such asmobile
radio units, and

* Costs incurred in arranging innovative financing for
eligible projects.

BRT isan eligible use for these funds, although Bus Capital
program grants tend to be relatively small. Although these
funds can be used in combination with other federal funds,
such as New Start funds, this program is unlikely to be asig-
nificant contributor to BRT projects.

Flexible Fundsfor Highway and Transit. Flexiblefunds
are categories of funds that may be used for either transit or
highway purposes. This provision was first included in the
Intermodal Surface Transportation Efficiency Act of 1999
and was continued with the Transportation Equity Act for the
21st Century. The idea of flexible funds is that alocal area
can choose to use certain federal surface transportation funds
based on local planning priorities, rather than on a restric-
tive definition of program eligibility. Flexible fundsinclude
FHWA Surface Transportation Program funds and Conges-
tion Mitigation and Air Quality Improvement Program funds
and FTA Urban Formulafunds. Among other things, Surface
Transportation Program funds are provided to states to be
used for capital costs of transit projects. Congestion Mitiga
tion and Air Quality Improvement Program funds are gener-
ally availableto statesfor transportation projects designed to
help them meet the requirements of the Clean Air Act.

Flexible funds have provided a substantial new source of
fundsfor transit projects. When FHWA funds are transferred
to FTA, they can be used for a variety of transit improve-
ments such as the following:

* New fixed-guideway projects,
* Bus purchases,
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 Construction and rehabilitation of rail stations,

* Maintenance facility construction and renovations,
* Alternatively fueled bus purchases,

» Bustransfer facilities,

* Multimodal transportation centers, and

» Advanced technology fare collection systems.

These funds have been used for avariety of transit capi-
tal projects, but for only one BRT project. The initial South
Miami-Dade Busway extension project was built entirely
with flexible funds. In addition, the 11-mile busway exten-
sion isbeing built with $39 million of flexible funds through
the Florida Department of Transportation and New Starts
funds.

9-3.1.2. Sate and Local Funding Sources

Because federal funding has not kept pace with inflation
or supported the costs associated with federal mandates, tran-
sit agencieshaveincreasingly looked to other sources of fund-
ing. Many states rely on at least two sources of revenue to
fund transit, discretionary transfers from general funds or
highway funds and dedicated sources such as lotteries, spe-
cial taxes, or sales taxes. Transit systems in states with ded-
icated funding sources receive more consistent, predictable,
and reliable state contributions.

A widerange of funding programsisalso used at thelocal
level to support the operations of public transit services. These
include local sales taxes, local property taxes, general rev-
enues, and other sources. Local funding sources may be used
to fund capital improvements or long-term operating support.
These funds may come from county sources, city or munici-
pal budgets, or local transit or transportation authorities.

The legality and ease of implementing each type of local
funding source will vary by state. Several evaluation crite-
ria can be used to evaluate these supplemental local revenue
sources. They address the financial, political, legal, burden,
administration, and economic effects of the revenue sources
listed above. The evaluation criteria are the following:

* Revenue Generation—Candidate funding sources are
evaluated onfinancial criteriabased primarily onrevenue
generation. The primary objective of afinancia planisto
meet project costs. Associated financial considerations
include stability/reliability of the funding source and
growth potential.

* Acceptance—Following evaluation by revenue genera-
tion criteria, candidate funding sources are screened
based on political/public acceptance. This is a subjec-
tive evaluation and requires significant input from indi-
viduals involved with the project. It frequently acts to
eliminate poor alternatives and thus limit the number of
funding alternatives for further consideration.

* Legality—Most funding candidates will require some
type of legal action. This may entail enabling legisla-

tion at the state level or action by acity council. Realiz-
ing these requirements makes it essential that the fund-
ing sources carried forward in the financial plan provide
sufficient revenue capacity.

* Burden—Candidate funding sourcesare eval uated based
on theincidence of the levies used to generate revenues
for project funding. This evaluation focuses on levies
that target project users/beneficiaries. The evaluation
also assesses the potential of passing through burden
to nonresidents and assesses equity.

* Economic Effects—Evaluation of economic effects
examines the impacts of funding sources and the form
of the levy on the regional economy, especialy those
industry segments of the economy that are directly
affected by alevy. The objectiveisto structure afund-
ing package that limits negative economic effects by
limiting any displacement of economic activity, which
could occur when alevy alters pricing and consequently
negatively affects demand and industry revenue.

9-3.1.3. Public-Private Funding Sources

A number of strategies have been developed and imple-
mented for generating private funding for transit improve-
ments. These strategies may include the use of transit assets
to generate additional revenues or partnerships with private
parties such as equipment manufacturers, investors, devel-
opers, retailers, and the users or groups within the commu-
nity that benefit directly fromthetransit system. These strate-
gies include the creation of special districts to capture the
value of transit improvements to adjacent properties, lever-
aging private investment in capital equipment and transit
vehicles, and joint development of land adjacent to transit
stationsin order to finance system improvements.

Because BRT can provide levels of service comparable to
that of rail and has the demonstrated potential to stimulate
higher-density transit-oriented development, public-private
funding strategies can potentially be used for BRT projects.
These strategies will have the most potential in areasthat are
experiencing high levels of growth and/or infill development
and that are currently underserved by transit. Toolsfor deter-
mining the potential for such public-private financing tools
include interviews with major landowners and devel opersto
determine the potential value added to commercial develop-
ment asaresult of the BRT investment; analysis of available
build-out maximum densities allowed under existing land
use and zoning regulations; and examination of the redevel-
opment potential for properties within station areas based on
current use, age and functionality of the structure, and site
constraints.

Tax Increment Financing Districts. A tax increment
financing (TIF) district is set up to encourage development
and improvement of aspecific area. The TIF district is estab-



lished for a set number of years and can involve residential,
commercial, or industrial uses. At the beginning of the dis-
trict’s existence, the value of the property is assessed, and
property taxes are collected on that amount. As the district
develops, the value of the property increases, thereby increas-
ing the taxes. Thisrisein property tax revenue is dedicated to
necessary improvementsto or around the district. Once these
modifications are made to the area, the assessed property
value will escalate again and generate more funds for further
improvement of the TIF district. Thiscyclewill continue for
the lifetime of the district.

Benefit Assessment Districts. A benefit assessment dis-
trict is composed of a number of properties defined by set
boundaries. Inside the district’s borders, each property is
taxed or pays a fixed fee to generate money for improve-
ments in the district. This can be a one-time fee or a recur-
ring charge. The revenue produced by the district can be used
to directly pay for the enhancements or to repay the bondsthat
were used to finance the project. The amounts of the assess-
ments that are levied are directly related to the benefits that
each property receivesfrom theimprovement, the distance of
the property is from the improvement, and the cost of the
improvement. The assessment fees will typically range from
$.05 to $.45 per square foot. Economic assessments employ
the user fee principle: those who benefit pay, and those who
benefit the most pay the most.

Examples of specia districts used for transit projects el se-
where include the following:

* Los Angeles, California—Southern California Rapid
Transit District. Two benefit assessment districts were
established on July 11, 1985, around the CBD station
area and the Wilshire Boulevard/Alvarado station area.
The district boundaries are a 2-mile radius out from the
CBD and a %-mile radius out from the Wilshire Boule-
vard district. These boundaries were established based
onwalking distance from the station. The purpose of the
districts is to help fund the construction, maintenance,
and operation needs of Metro Rail transit. All properties
within the district borders pay the same assessment rate,
$.30 per squarefoot. Theratesareto bereviewed at | east
every 2 yearswith the ceiling rate set at $.42 per square
foot. In 1998, the CBD station business improvement
district generated $11.5 million, whereas the Wilshire
Boulevard Station district generated $500,000.

* Denver, Colorado. Downtown Denver, Inc., manages
the 16th Street Mall, a downtown, rubber-tired transit
mall bordered by a mix of retail, high-rise office, and
residential property opened in October of 1982. In order
to fund the necessary maintenance costs of the mall, a
benefit assessment district wasformed that was made up
of the properties immediately adjacent to the mall. The
district encompasses 120 city blocks and iscomposed of
677 commercial property parcels, 2.6 million squarefest
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of retail space, 23 million square feet of office space,
14 hotels, 4,000 residentia units, and 34,000 parking
spaces. The district does not generate revenue to be used
for construction purposes. Assessment rates for al prop-
erties in the district depend on the amount of land area
occupied aswell asdistancefromthemall. Theratesvary
from $.05 to $.45. In 1984, Downtown Denver, Inc. col-
lected $1.67 million; 1998 revenue reached $2.2 million.

Joint Development. Joint development strategies are
typically used to fund aspecific transit facility (suchasaBRT
station at amajor business center) but generally not used for
overall system finance. Joint development occurs between a
transit system and the immediate surrounding community,
generally through ground and/or air rights leases of transit
property for other devel opment uses. The purposeisto secure
a revenue stream for the transit system as well as promote
appropriate growth in the station’ s vicinity.

Joint development has been used successfully in Brisbane
along the South East Busway, although it has not been used
widely for BRT systems in the United States. Some of the
larger rail transit systemsin the United States have used joint
devel opment successfully. Theseincluderail systemsin Wash-
ington, District of Columbia; Atlanta, Georgia; and SantaClara
Valley, California. The joint devel opment arrangements of
theserail systems are the following:

* The Washington Metropolitan Area Transit Authority
has developed formal procedures for identifying and
implementing joint development. In 1998, Washington
Metropolitan Area Transit Authority participation in
26 projects generated $5.5 million. The revenue has
not increased in proportion with the number of projects
because individual projects range in size and level of
participation.

* In Atlanta, in 1985, IBM built afive-story tower office
building adjacent to aMetropolitan Atlanta Rapid Tran-
sit Authority station. By 1991, the IBM tower had gen-
erated $1.5 million in lease revenue to the Metropolitan
Atlanta Rapid Transit Authority.

* InCdifornia, theValley Transit Authority of SantaClara
has utilized joint development to create anew revenue
stream for the transit authority while promoting eco-
nomic development inthe community. The Valley Tran-
sit Authority of Santa Clara, which operates light rail
and bus services in the Silicon Valley region, has part-
nered in amajor mixed-use development at the Ohlone-
Chynoweth light rail station. Joint development pro-
visions under the Transportation Equity Act for the
21st Century permitted the agency to use FTA fundsto
purchase a parking lot adjacent to the station. The Valley
Transit Authority of Santa Clara now receives $300,000
inannual revenue under a75-year lease arrangement with
an adjacent residential and retail development and uses
those funds to meet additional transit-related needs.
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9-3.2. Financing Options

9-3.2.1. Leveraging Funding Through
Debt I ssuance

Financing BRT projects may be accomplished through
financing mechanisms similar to those of other transit
projects. Most magjor transit improvements, including BRT
capital improvements, are financed through combinations of
state and federal grants and/or long-term borrowing options
that permit agencies to use public funds for debt financing.

Transit agencies often issue debt in order to generate rev-
enuefor capital purposes. Traditionally, thisscenario pertains
to the issuance of long-term debt that providesinvestors with
both interest and principal payments. The benefit of tradi-
tional debt financing istheimmediate receipt of revenuefrom
the issuance.

One mgjor problem of transit borrowing is how to raise
funds for debt service. Fareboxes fall far short of provid-
ing enough revenues even for operating expenses, and, to be
saleable, transit bond issues must be backed by non-fare rev-
enue sourcesthat lenderswill accept as adequate and depend-
able. Examples of strategies for raising debt service include
the following:

* Pledging Revenues of an Earmarked Tax or Taxes.
Property and sales taxes are commonly used for this
purpose.

* Pledging Surplus Revenue of Other Sources. This
device has been used by bridge and tunnel authorities,
which have issued their own bonds, backed by motor
vehicle tolls, to build transit links.

* Bonds Issued by State and Municipal Governments.
Debt service for these bonds is usually paid from gen-
eral funds.

* Bondslssued by Transit Agencies. Debt service may be
shared among participating jurisdictions according to a
formula. MBTA in Boston has issued this approach
extensively.

The functions of financing transit capital and operating a
transit agency need not necessarily be combined in the same
agency. Borrowers may be municipal or county governments,
state governments, or specia districts or authorities with sur-
plus revenues that can be pledged for debt service. This usu-
ally reguiresauthorization of the statelegidature and, in many
cases, permission of holders of outstanding bonds.

9-3.2.2. Federal Credit Programs—
Transportation Infrastructure Finance
and Innovation Act (TIFIA)

TheTIFIA program has been established by the U.S. DOT
to provide three forms of credit assistance to surface trans-

portation programs of national or regional significance. These
forms of assistanceinclude secured (direct) loans, loan guar-
antees, and standby lines of credit. The Transportation Equity
Act for the 21st Century made atotal of $10.6 billionin lend-
ing authority availablefor surface transportation projects. As
of 2002, approximately $3.6 billion has been committed to
projects and leveraged to support over $15 hillion in surface
transportation projects.

To beeligiblefor the TIFIA program, projects also must
generally cost at least $100 million, or their cost must be
equal to at least 50% of the amount of federal highway
assistance funds apportioned for the most recent fiscal year
to the state in which the project is located. The projects
also must be supported at least partially by user charges or
other dedicated revenues. Eligible transit projects include
design and construction of stations, track, and other transit-
related infrastructure; purchase of transit vehicles; pur-
chase of intercity bus vehicles and facilities; construction
of publicly owned intermodal facilities that are near or
adjacent to the National Highway System; provision of
ground access to airports or seaports; and installation of
ITS systems.

To date, TIFIA has not been used for BRT projects. How-
ever, examples of transit projects that have used TIFIA to
secure additional funding include the following:

* Tren Urbano, San Juan, Puerto Rico. TIFIA funding
will enable Tren Urbano, atransit system under construc-
tion, to complete a 17-kilometer rapid rail system. The
$1.7-billion project will be assisted with a $300-million
TIFIA loan to the Puerto Rico Highway and Transporta-
tion Authority.

* Farley-Pennsylvania Station Redevel opment Project,
New York City. This$750-million project will convert
the Farley post office building adjacent to the existing
Pennsylvania Station into an intermodal facility and
commercial center serving Amtrak, commuter rail, and
subway passengers. The project will receive a TIFIA
loan of $140 million and a TIFIA line of credit of
$20 million.

* Metro Capital Program, Washington, Digtrict of Colum-
bia. Thisproject will help accelerate a20-year, $2.3-bil-
lion capital improvement program for the transit system
in the nation’s capital. The project will rehabilitate and
replace vehicles, facilities, and equipment onthe 103-mile
Metrorail system. It will receive a $600-million TIFIA
loan guarantee.

9-3.3. Project Delivery Options

Transit agencies have used a variety of mechanisms for
implementing transit capital projects that can be applied to
BRT planning and implementation.



9-3.3.1. Traditional Procurement

Traditional design-bid-build procurement involvesissuing
separate requests for proposals and selecting independent
contractors for each stage of the project. In such a procure-
ment, atransit agency would likely procure adesigner and a
construction company in two separate steps. Theentiredesign
would have to be completed before the builder was selected
and construction could begin. This timing leads to alack of
communication between the designer and the builder, which
may result in frequent change orders and cost increases dur-
ing construction.

9-3.3.2. Design-Build Procurement

In design-build procurement, the designer and builder would
propose as a team, and there is only one initial procurement
process. After the team is selected, the engineers (or archi-
tects) begin the design process. With the construction com-
pany involved in the design process, inputs, comments, and
changes to the design occur early in the design phase.

This process reduces the need for change orders and can
create additional efficiencies in the design and construction
process. Once design is completed for early components of a
project, construction can begin while design on the other com-
ponents proceeds. Under this arrangement, critical aspects of
the project, including purchasing and scheduling, are directed
by asingle source. As aresult, construction delays and start-
up difficultiesare minimized, resulting in lower project costs
and shorter completion times.

9-3.3.3. Turnkey Arrangements

Public agencies can contract with private companies to add
finance, operations, and mai ntenance componentsto acontract.
A transit agency would contract with a private developer to
finance and oversee the design, construction, and operation of
transit projects and facilities. After operating the project for
a certain portion of time (thereby allowing the private part-
ner to recoup itsinvestment), the private company will trans-
fer the asset back to the public sector.

Variations of this approach used for transportation
projects include build-operate-transfer and design-build-
operate-maintain. These projects are aso referred to as
“turnkey” projects because after building, operating, or
maintaining the system, the private partner in effect “turns
the keys’ back over to the public.

9-3.3.4. Applicability of Public-Private
Partnershipsto BRT

Public-private project delivery approaches are most appro-
priate for projects with steady revenue potential, either
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through fares or joint development opportunities. Most transit
projects have limited farebox revenue potential, and the
revenue stream will be subject to fluctuationsin ridership. In
addition, revenues from joint development or concessions
may take place over alonger period of time and therefore are
not sufficient for establishing early cash flow.

Asaresult, in order for a public-private venture for atran-
sit project to succeed, some financial assistance from the
public sector istypically required to allocate risk among the
public- and private-sector partners for the project’ s financial
performance. These payments may take theform of loan guar-
antees, annual payments for a minimum level of ridership
(sometimescalled “ shadow fares”), or shared funding for cap-
ital and operating costs.

One critical aspect of these projectsis careful scoping and
estimation of the project’sfull cost. A review of areas likely
toimpact cost or scheduleisrequired. The elements of risk—
including construction costs, schedule, and ridership fore-
casts—must be accurately assessed by both the public and
private parties. Responsibility for areas outside the control
of the developer—such as redefined or changed conditions,
environmental permits, or right-of-way acquisition—should
remain with the public agency.

The delivery method used to develop and implement a
project should be based on consideration of the following
issues:

* Avallablefinancial resources,

* Complexity of the BRT project,

* Estimated cost,

* Amount of design control that the project sponsor would
liketoretain,

* Local contracting experience with public-private part-
nerships, and

* Existing relationships between potential partners.

These approaches have not been used extensively for tran-
sit projects in the United States, and to date they have not
been used for implementing BRT projectsinthe United States.
Thereis, however, potential for these strategiesto be employed
for BRT and rail-based rapid transit. One potential scenario
for private development isthat aBRT system would be devel-
oped asan interim strategy to establish ridership and revenue
streamsin acorridor with significant ridership potential. The
BRT project could be converted later to arail-based system
if warranted by ridership demand and financial performance.

An example is the York regional government outside of
Toronto, Canada, which is employing a public-private part-
nership approach to develop the Y ork Rapid Transit Project,
amultimodal rapid-transit project that will include the devel-
opment of BRT in several mgjor corridors. The private part-
ner isaconsortium of engineering and construction companies,
equipment manufacturers, a transit operator, and a financial
institution.
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9-4. INCREMENTAL DEVELOPMENT OF
BRT PROJECTS

BRT has tremendous potential for incremental (or staged)
development and can be used to get rapid-transit operating as
quickly aspossiblewith theleast amount of funds, while pre-
serving options for later expansion and upgrading. In con-
structing BRT, it is not necessary to include all thefinal ele-
ments before beginning operations; it is possible to phasein
improvements over time. Improvements such as signa pri-
oritization and low-floor buses, which improve capacity and
bus speed, can be added incrementally and still have signifi-
cant effects.

In many cases, it may be useful to identify a segment for
immediate, early implementation. This early action is essen-
tial to retain sustained community support and continuity
of public agency staff. Thiscan demonstrate BRT’ s potential
benefits as soon as possible to riders, decision makers, and
the public, at relatively little cost, while still enabling system
expansion and possible future upgrading (e.g., to more tech-
nologically advanced vehicles). The time frame for which a
BRT project isimplemented will be based on demand, avail-
ability of right-of-way, sources of capital and operating funds,
and community support.

Asan example, theinitial ssgment of aBRT system could
include curb bus lanes that may be upgraded to busways in
the future. BRT service along a busway does not preclude
ultimate conversions to rail transit when and if such a con-
version is warranted by ridership or other considerations. A
BRT line can serve as a means of establishing atransit mar-
ket for apossible futurerail line.

In developing a BRT system incrementally, it may be
desirable to maximize the initial system by adopting an
“outside-in” development strategy. This approach was used
in Ottawa to provide broader BRT coverage. It has proven
more cost-effective in attracting riders and influencing travel
choices than the traditional concentration on the shorter,
most costly inner city segments. Each stage of BRT system
development should contain a well-packaged series of BRT
elements and should produce tangible benefits. Early action
is essential to maintain community support.

9-4.1. Packaging BRT Elements

Examples of packaging BRT elements are shownin Table
9-7. Thistable illustrates how BRT features could be pack-
aged in a system for a BRT application of relatively modest

TABLE 9-7 Packaging BRT elements—modest-demand and modest-cost BRT system

SERVICES STATIONS VEHICLES RUNNING WAY SYSTEM S |
PRIMARILY SIMPLE STOPS | NO SPECIAL MIXED TRAFFIC RADIOS,
LOCAL TREATMENT ON-BOARD FARE
COLLECTION
MIXED SUPER STOPS SPECIAL DEDICATED AVL FOR
LIMITED-STOP, SIGNAGE ARTERIAL SCHEDULE
LOCAL CURB LANES, ADHERENCE
COMPETING TURNS
ALLOWED
ALL-STOP ON-LINE AND DEDICATED DEDICATED ITSPASSENGER
(LOCAL), OFF-LINE VEHICLES, FREEWAY MEDIAN | INFORMATION, FARE
MIXED LOCAL/ | STATIONS, SPECIAL LIVERY | LANES, COLLECTION
EXPRESS SIGNIFCANT MERGE/WEAVE
PARKING FOR ACCESS/[EGRESS
TRANSIT
PATRONS
POINT-TO- TRANSFER/ DEDICATED FULLY DEDICATED | ITSVEHICLE PRIORITY
POINT TRANSIT VEHICLES, LANES, EXCLUSIVE
EXPRESS CENTERS UNIQUELY FREEWAY
SPECIFIED, (E.G., | ACCESSIEGRESS
DOUBLE-
ARTICULATED
BUSES, HYBRID
PROPULSION)
INTERMODAL MECHANICAL OR | PARTIAL GRADE ITSVEHICLE LATERAL
TRANSFER/ ELECTRONIC SEPARATION GUIDANCE
TRANSIT GUIDANCE
CENTER
FULLY FULL GRADE ITSAUTOMATION,
ELECTRIC SEPARATION, ELECTRIC POWER
PROPULSION CURBED/ STRIPED/ | SYSTEM
SYSTEM CABLED
FOR GUIDANCE
OVERHEAD POWER
CONTACT SYSTEM

SouRCcE: Zimmerman, 2001.



cost, appropriatein alow- to medium-demand operating envi-
ronment. Such a system would likely include mixed types of
bus service; super stops; standard vehicles in special livery
(paint scheme); a mix of dedicated arterial, highway, and
mixed traffic running ways, and standard systems such as
radios and on-board fare collection.

Where a particular application would be in the continuum
shown in Table 9-7 is dependent on the following operating
environment characteristics:

* Thenatureof current and futureland use and demographic
characteristics (population, employment, and densities);

e Current and expected future transit markets, such as
origin-to-destination patterns, expected rapid-transit
ridership, and total and maximum load point volumes;

* Right-of-way (stationsand running way) availability and
characteristics (e.g., width, length, number and types of
intersections, traffic volumes, and ownership); and

* Availability of capital, operating, and maintenance funds.

Table 9-8illustratesasimilar packaging of BRT elements,
but for a high-demand, high-cost BRT application. For the
BRT application described in the table to be justified, there
would need to be arelatively large market and an operating
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environment that allowed the highlighted packageto beimple-
mented cost-effectively for thesize of that market. At thislevel
of development, aBRT system would include mixed local and
express services and point-to-point expresses; devel oped on-
line and off-line stations with parking (possibly with transfer
centers); uniquely developed rail-like vehicles; afully dedi-
cated right-of-way; and ITS systems for off-board fare col-
lection, passenger information, and transit vehicle priority.
Table 9-9 shows how several BRT projects have packaged
BRT elements.

Itisessential that BRT systemsinclude al the elements of
any high-quality, high-performance, rapid-transit system.
These elements should be adapted to BRT’ s unique charac-
teristics, especialy its service and implementation flexibil-
ity. There is a need to focus on service, station and vehicle
features and amenities, and integrated system and “image”
benefits, rather than merely costs.

9-4.2. Staged Development

Asdescribed above, BRT offerstheflexibility to be devel-
oped incrementally in several stages. Staged development
of a BRT system is highly dependent on demand, market

TABLE 9-8 Packaging BRT elements—high-demand and high-cost BRT system

SERVICES | STATIONS VEHICLES RUNNING WAY SYSTEM S
PRIMARILY SIMPLE STOPS NO SPECIAL MIXED TRAFFIC RADIOS
LOCAL TREATMENT ON-BOARD
FARE
COLLECTION
MIXED SUPER STOPS SPECIAL SIGNAGE DEDICATED AVL FOR
LIMITED-STOP, ARTERIAL SCHEDULE
LOCAL CURB LANES, ADHERENCE
COMPETING TURNS
ALLOWED
ALL-STOP ON-LINE AND DEDICATED VEHICLES, | DEDICATED ITS
(LOCAL), OFF-LINE SPECIAL LIVERY FREEWAY MEDIAN PASSENGER
MIXED LOCAL/ | STATIONS, LANES, INFORMATION,
EXPRESS SIGNIFCANT MERGE/WEAVE FARE
PARKING FOR ACCESS/EGRESS COLLECTION
TRANSIT
PATRONS
POINT-TO- TRANSFER/ DEDICATED VEHICLES, | FULLY DEDICATED | ITSVEHICLE
POINT EXPRESS | TRANSIT UNIQUELY SPECIFIED, LANES, EXCLUSIVE | PRIORITY
CENTERS (E.G., DOUBLE- FREEWAY
ARTICULATED BUSES, ACCESS/EGRESS
HYBRID PROPULSION)
INTERMODAL MECHANICAL OR PARTIAL GRADE ITSVEHICLE
TRANSFER/ ELECTRONIC SEPARATION LATERAL
TRANSIT CENTER | GUIDANCE GUIDANCE
FULLY ELECTRIC FULL GRADE ITS
PROPULSION SYSTEM SEPARATION, AUTOMATION
CURBED/ STRIPED/ ELECTRIC
CABLED POWER
FOR GUIDANCE SYSTEM
OVERHEAD POWER
CONTACT SYSTEM

SouRcE: Zimmerman, 2001.
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TABLE 9-9 Elementsof BRT inthe FTA demonstration projects

c g g § LB < 2 = = g A
5 8 = 5 S 2 5 3 S
g 5 E £ 2 5 g 2 2
@ G o g = w T = = Z A

Busways . o o

Buslanes . . . . .

Buson HOV- . o2 . B

Expressways

Signal priority . . . . .

Fare collection . . .

improvements

Limited stops . . . . .

Improved stations & . . . . . . .

shelters

Intelligent . . . . . . . . .

transportation systems

Cleaner/quieter . . .

vehicles

NoTE:

Individual elements may change as demonstrated projects evolve.
AWashington, D.C., includes the use of a limited-access airport road.
SouRrce: Mass Transit—Bus Rapid Transit Shows Promise, 2001.

characteristics, and the availability of capital and operating
funds. Figure 9-3illustrateshow aBRT system can be devel-
oped by (1) extending or upgrading the system on the same
corridor and (2) providing BRT in other corridors. Once an
initial BRT segment isoperational, it can be upgraded and/or
extended through the following steps:

* Adding elements or features;

» Upgrading to more advanced versions of key elements
such as vehicles, stations, or fare collection systems;

* Relocating services to an off-road running way; and

* Extending the system corridor (e.g., the Ottawa Transit-
way or South Miami-Dade Busway Extension).

Alternatively, BRT can be developed in another corridor.
As additional corridors become available and land uses and
population demographics change, the type, frequency, and
route of busway services can be adapted. Additional access
pointsto aline haul busway can be added to provide service
to additional markets, additional stations can be constructed
as adjacent areas develop, or the busway can be extended
along the same route or connected to another route.

Several BRT systems in the United States have had seg-
ments of the system planned, designed, and implemented
incrementally. For example, the Port Authority of Allegheny
County opened the busways in Pittsburgh in several stages,
as shown below.

South Busway 4.3 miles 1977

East Busway 6.8 miles 1983

West Busway 5.6 miles 2000

East Busway 2.3 miles Under
extension construction

In Boston, MBTA isdeveloping the Silver Line systemin
several stages also.

Section A 1.1 miles, mainly in tunnel 2004
Section B 2.2 miles, surface route 2002
Section C 0.8 miles, dl in tunnel 2008

Any staged additions or alterations to an operational
busway should be planned or designed such that the opera-
tions of the working busway are not adversely affected.
Construction can potentially impact busway ridership. The
impacts should be mitigated as much as possible to avoid
disrupting services.

9-4.3. Possible Conversion to Rail Transit

One of the benefits of BRT isthe potential to upgrade the
system to a higher-capacity mode (such as light rail). The
move to rail isfacilitated if provisions for rail are designed
into the BRT system from its inception, subject to cost-
effectiveness and funding. If developed incrementally, BRT
can be used to reserve right-of-way, build transit markets, spur
transit-oriented development, and build community support.

If BRT is being planned and designed for future conver-
sion to rail transit, the running way should be designed ini-
tially to meet rail-transit operating requirements. This can
reduce long-term right-of-way costs and minimize costly
alterations to the surrounding road network.

Themost likely scenariosfor converting BRT torail areas
follows:

 Locationswhere resources permit and demand warrants.
For example, a“feeder” busway can be converted to rail
in order to extend the rail system.
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Figure9-3. Illustrative incremental development of BRT.

» Locations where the BRT was built as a “first stage’
operation during the construction period for rail transit.

* Locations where rail transit is built in another corridor,
and the conversion of BRT to rail would provide inte-
grated and through rail service.

* Locations where peak-hour peak-direction passenger
volumes exceed 7,500 to 10,000 passengers per hour on
abusway.

With the introduction of a higher-capacity mode such as
LRT, a number of systems must be fully operational at the
commencement of service. Theseincludefare collection, traf-
fic signal preemption, electric supply, and communications.
Failuretofully introduce these systemsto be fully introduced
at thetimethat an LRT service becomes operational will lead
to poor performance of the new system.

Introducing aspects of a future service as part of the BRT
system allows atransit agency the opportunity to “fine tune”
components of the system. V arious components can then be
fully operational at the time that the higher-capacity modeis
introduced, and a market for the transit service has been
established. BRT also allows time for more in-depth analy-
sis as to whether the investment in a rail-based system is

appropriate.

9-5. INSTITUTIONAL ARRANGEMENTS

Many BRT projects, like transit properties, operate across
multiplejurisdictional boundaries and involve multiple stake-

holders. These stakeholderstypically bring their own priori-
ties and agendasto the planning process. To work effectively,
most BRT systems require transit agencies to reach agree-
ment on issues related to infrastructure, technologies, opera-
tions, and responsibilities.

For any rapid transit system to be successful, a great dedl
must be known about the institutions that will plan, build, and
operate the system. Thereisawide and varied group of insti-
tutions that may be involved in the development of a BRT
project, including the following:

* Federal, state, local or regiona public officials;

» Statetransportation, environment, or planning depart-
ments;

* Transit agencies and operators,

* Local planning, transportation, and economic develop-
ment agencies;

* Locdl traffic engineering or public works departments;

* Policeservicesinvolvedin safety and traffic enforcement;

* Private devel opersor major landowners at station areas,

* Large private ingtitutions such as hospitals, universities,
commercial/retail organizations, or tourismfacilities; and

* Representatives of local environmental or user groups.

Issuesraised by any institution can have significant impacts
on the location, alignment, or cost of aBRT project. These
issues can also affect location of stations, integration with the
regional transportation system, environmental constraints,
staging options, and whether BRT will be considered aviable
option at all.
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Intergovernmental agreements may be needed for agen-
ciesto reach agreement on theroles and responsibilities asso-
ciated withaBRT project, including operation of the BRT sys-
tem, traffic operations and signalization, zoning and land use
planning, parking policies, fare policy, enforcement, finance,
and construction of BRT facilities. These may also requirean
agreement for the shared use of funds for the development
and operation of a BRT system.

No single governance scheme and/or intergovernmental
agreement will be appropriatefor al areas. In some areas, the
local transit property might be the agency that implements a
busway. In some cases, the implementation agency might be
acounty or state DOT. A state DOT might build and main-
tain a busway that one or more transit services may use for
operations. It is also possible that a private party might build
and operate a busway.

Examples of institutional arrangements for existing BRT
systems include the following:

* The Los Angeles Metro Rapid system was devel oped
by the Los Angeles County Metropolitan Transporta-
tion Authority with the Los Angeles Department of
Transportation. The Los Angeles County Metropolitan
Transportation Authority operates the buses, and the
City controls street traffic operations.

e Ottawa’'s Transitway was initially developed by OC
Transpo in conjunction with the City of Ottawa and the
Province of Ontario. OC Transpo isnow one of four sec-
tions within the Department of Transportation, Utilities,
and Public Worksthat respondsto the Ottawa City Coun-
cil through the City Manager.

* The Pittsburgh busways were developed by the Port
Authority of Allegheny County in cooperation with the
City of Pittsburgh and the state of Pennsylvania.

Several of the most prevalent institutional issuesthat arise
during BRT development include the following:

* Local and business community opposition to restricting
or removing parking spaces for BRT usg;

* Availability and acquisition of right-of-way or physical
space;

* Integration of multiple priorities, objectives, and agendas;

e Impacts of BRT on roadway operations;

* Finding political championsto support BRT;

* Gaining community support for transit-oriented devel -
opment;

* Educating the public on BRT; and

* Managing perceptions and expectations.

A number of additional issues may apply to specific types
of BRT systems. Institutional issues associated with BRT
operating in mixed traffic include concerns over street depart-

ments and highway departments relinquishing control of their
infrastructure, reaching an agreement on station area
enhancements, and capital costs associated with BRT.

Institutional concerns associated with BRT operating in
exclusivefacilitiesinclude BRT being viewed as atop-down
solution to local transportation problems, community opposi-
tionto BRT, lack of information on the effectsof BRT onland
use, and BRT being perceived by developers as less perma-
nent than other modes and therefore having less of an effect
on land use.

9-5.1. Integration with Regional Systems

A successful BRT project that achieves its full potential
callsfor more than building abus-only lane or even building
a dedicated busway. The integration of the entire range of
rapid-transit elementsinto thelarger regional system, includ-
ing the development of a unique system image and identity,
are equally, if not more, important.

Theintegration of BRT facilities with other regional tran-
sit facilities can be considered in five major categories:

* Thephysical location of stationsor terminalsand pedes-
trian connection between facilities,

* Timetables and route maps,

* Fare structure and policy,

* Passenger information systems, and

* Cooperation rather than competition between modes.

The physical location of the BRT system and other local
and regional servicesiscritical becausethey needtofit together
inalogical way. Many examplesexist of facilitiesrun by dif-
ferent entities that overlook the benefits of physicaly inte-
grating their respective services. Each group triesto optimize
its own location without considering potential users. Pedes-
trian and bicycle connections are particularly important and
are often overlooked in the planning and design process.

As services are integrated, timetables and route maps are
itemsin which integration is noticed by transit patrons. They
should be seamlessly integrated with common stylesand infor-
mation. BRT routes should have a clear identity in timetables
and route maps.

A common fare structure and policy should be established,
and cooperative agreements between agencies should be nego-
tiated. Thisisdifficult to establish in regionswith many cities,
counties, private operators, and governmentswith completely
different fare policies. Developing “revenue neutral” pro-
posals, in which no agency isworse off than another after the
integration, can be extremely beneficia to all partners.

Information systems, like fare structure and timetables,
should be transparent to the user and convey the notion of a
singleintegrated system. A fully integrated system should also
reduce competition between modes. Ideally, the BRT system



might evolve into the backbone of the regiona transit system,
with all the elements described above in place.

9-6. BRT-SUPPORTIVE POLICIES

BRT should be viewed as an important community asset
that improves mobility and livability. Therefore, land use and
parking policies should be established to support BRT invest-
ments and reinforce ridership.

9-6.1. Land Use Policies

BRT and land use planning for station areas should be
integrated asearly as possible and done concurrently. Recent
experiences illustrate that without strong, consistent, long-
term support for planning that actively encourages and
provides incentives for transit-supportive development in
the vicinity of existing and future rapid-transit facilities,
these facilities may never be successful in attracting adequate
ridership buses. Any high-cost, long-term investment in
transit infrastructure—whether it is subway, BRT, or new
LRT—runs the risk that the development needed to sup-
port the investment will not materialize. These risks can be
minimized through the implementation of strong land use
and economic incentive policies.

In several communities with BRT systems, local gov-
ernments have implemented land use planning policiesthat
encourage development near BRT facilities. In the Ottawa-
Carleton region, centers for major activities, such as
regional shopping and employment, are required to locate
near the busway. In Curitiba, the arterial median busways
are integral parts of the structure axes along which high-
density development has been fostered. Adelaide and Bris-
bane have also demonstrated that BRT can have develop-
ment benefits similar to the benefits resulting from rail
transit when effective coordination of land use planning
and BRT development istaken into consideration from the
outset.

Land use policies or zoning regulations should also be
based on providing incentivesfor devel opersto build transit-
oriented development near BRT stations, with an appropri-
ate mix of land uses and adequate pedestrian connections.
Although redevelopment of existing land uses only occurs
under appropriate market conditions, such incentives can
help stimulatereal estate development that coincideswith the
implementation of the BRT system. A “transit overlay” zon-
ing district may be an appropriate strategy for encouraging
transit-oriented development in BRT corridors. Density
bonuses may al so promote mixed residential and commercial
development around transit stations.
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For the Dulles Corridor Rapid Transit project, a proposed
BRT/rail project in Fairfax County, Northern Virginiaincor-
porated changes into the comprehensive plan (which were
subsequently adopted in the county’s zoning ordinance)
designed to stimulate development at station areas. Density
bonuseswere provided for residential and commercial devel-
opment of parcels within a % mile of station areas, and
dlightly lower density bonuses were allowed for properties
within % mile of station areas. For propertieswithin % mile of
the stations, up to 40 dwelling units per acre of residential
development are allowed or up to a 1.5 floor-area-ratio for
office development. The bonuses encourage a mix of resi-
dential and commercial uses, aswell asprovisionsfor afford-
able housing and recreation. The density bonuses are trig-
gered once construction of the BRT system commences.

Although land use policies can be essential for stimulating
transit-oriented development, the impacts of these policies
on traffic, public services, and neighborhoods must be care-
fully considered. These impacts must be balanced with the
long-term impacts on land use patterns, economic develop-
ment, and travel patterns within the region.

9-6.2. Parking Policies

Ample parking should be provided along busways, espe-
cially at outlying stations. Parking supply can expand the
catchment area and reduce the need for extensive feeder bus
servicein low-density residential areas. Downtown parking
supply and rapid-transit-rel ated parking arerelated; anincrease
in oneimplies a decrease in the other. Studies have found an
inverse relationship between the supply of downtown park-
ing per employee and the proportion of CBD commuter trips
by transit. Therefore, downtown parking supply should be
limited where major BRT investments are planned. Such
CBD parking supply constraints arein effect in several large
cities. These may take the form of a“ceiling,” asin down-
town Boston, or reduced zoning requirements for parking
spaces, as in Ottawa and Seattle.

Achieving such apolicy requiresthat alarge proportion of
CBD workers commute by automobile to outlying BRT sta-
tions and that adequate parking space is available. Thus, the
preferred commuter parking policy option along BRT lines
isto maximize the number of park-and-ride spaces, as shown
in Figure 9-4. Care must be given so that extensive parking
does not preclude joint development opportunities.

Regular zoning requirements should be modified to reflect
both transportation and development needs. Ranges in the
maximum and minimum spacesfor each land use can be estab-
lished. lllustrative parking guidelinesfor rapid-transit systems
are shown in Table 9-10. These guidelines suggest decreas-
ing the number of alowable parking spaces as the distance
between the activity center and transit station decreases.
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Figure 9-4. Commuter parking policy options.
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TABLE 9-10 Illustrative parking policiesfor major transit corridors
Number of Spaces per Unit by Distance from Transit Stop
Land-Use Activity Criterion Unit __0-S00Feet _500-1,000 Feet ___1,000-1,500 Feet
Minimum Maximum Minimum | Maximum Minimum Maximum
Required Allowable | Required | Allowable | Required Allowable
Residential Single family Housing unit 0.5 1.0 0.7 1.0 0.8 1.3
Multi-family Housing unit 0.4 1.0 0.6 1.0 0.8 1.3
Commercial General office Grossfloor area - 2.0 1.0 2.0 1.7 29
(GFA), 1,000 sq ft
Medical/Dental GFA, 1,000 gq ft - 33 17 33 2.5 4.0
office
Retail GFA, 1,000 sq ft 2.0 3.3 2.5 3.3 3.3 5.0
Restaurant Seats — 0.17 0.17 0.25 0.17 0.25
Hotel/Motel Rental units 0.7 1.0 0.7 1.0 0.7 1.0
Industrial Manufacturing, Employees 0.2 0.33 0.25 0.33 0.33 0.5
warehouse,
wholesale
Ingtitutional® | Auditorium Seats 0.13 0.2 0.13 0.2 0.14 0.25
Hospital Beds 0.80 1.0 0.80 1.0 1.0 14
Church Seats 0.14 0.2 0.14 0.2 0.14 0.25
Educational Elementary and Classroom and 0.7 1.0 0.8 1.0 0.8 1.0
junior high school office
Senior high school | Classroom and 0.7° 1.0° 0.8° 1.0° 0.8° 1.0°
office
College and Classroom and 0.7° 1.0° 0.8° 1.0° 0.8° 1.0°
university office

#Where public use of auditoriais likely, specific auditorium standards should apply.
® Plus 1 space per 10-15 students, except where constrained by policy.

¢ Plus 1 space per 8-10 students, except where constrained by policy.

9 Plus 1 space per 8-10 students, except where constrained by policy.

€ Plus 1 space per 5-8 students, except where constrained by policy.

Sourcke: An Access Oriented Parking Strategy, 1974.
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APPENDIX A

BUS CAPACITY

This appendix sets forth approaches to estimating the capacity of a bus stop or route.
Further, more detailed discussions can be found in NCHRP 1557, the 1985? and 2000
Highway Capacity Manuals and the Transit Capacity Manual.

A-1. GENERAL CONSIDERATIONS

The capacity of a bus route is determined by the capacity of the heaviest used bus stop, or
the capacity of the bus line. Generally, passenger boardings and interchange volumes during
peak periods at the major loading and unloading points governs a bus route’s capacity. The basic
factors include (1) the service times at stops, (2) the minimum safe spacing between successive
buses, (3) the number of seats and standees on each bus, (4) the green time per cycle available,
and (5) specified failure rates.

These factors are influenced by vehicle design features including the number and size of
doors, floor height, and interior seating configuration; fare collection practices; right-of-way
interferences, (including junctions and traffic signals); the number and design of loading areas;
operating policies pertaining to layover/recovery times at key stops and terminals, and allowable
standees.

As a general rule, a BRT route with a relatively uniform distribution of boarding
passengers among stops will usually have a higher capacity than where passenger boarding is
concentrated at one or two stops. Operations at maximum capacity tend to strain the system, and
do not allow for variations in demand, or bus operations; they should be avoided.

A-1.1. Basic Relationships
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The capacity of a bus stop (in people per hour) with the number of berths, passenger
capacity per vehicle, and amount of time available for movement. It varies inversely with the
dwell time per stop and the clearance interval between buses.

The buses per berth per hour can be estimated by the following formulas:

1. Uninterrupted Flow
Cp = 3600 )
(1+CZ)+tc
2. Interrupted Flow
g
Ep = 3600 ¢ 2)
B (g/c + Z,Cy) +1c
Where g = green
C = cycle length
C, = coefficient of dwell times variation ~ 0.6
D = Dwell time
tc = clearance time in seconds (usually 10 to 20 seconds)
Za = one tail value of standard normal variation
Ey = number of buses per berth per hour

Typical values for Z, are given in Table A-1. Thus, for a 25% failure rate (defined as
level of service E) the Z, value would be 0.675.

The dwell time in three equations can be estimated from field observations or computed

as follows:
D = aA for A Alighting passengers (A) (3)
D = nB for B Boarding passengers (B) (4)
D = (aA +bB)T  for combined board through a single

door, where T is an assumed
Turbulence factor is equal to about 1.2
a and b are alighting and boarding
coefficients respectively

Table A-2 gives the resulting berth capacities per bus berth in buses per hour for various

failure rates, assuming a clearance time (tc) of 15 seconds.

For an average dwell time of 30 seconds, and 25% failure, the capacity is 63
buses per berth per hour for uninterrupted flow and 43 for interrupted flow. If the failure rate is
5% the corresponding values are 48 and 30 buses per berth respectively.

The capacity of a bus stop in buses per hour is the product of the capacity per berth and

the number of effective berths.

C, = Cp, Nb 3
Where: Cp = Capacity of a single berth
Nb = No effective berths
Cy = Capacity of stop in buses per hour

The berth efficiency factors for multiple online and off-line stops are given in Table A-3.
The off-line stops apply when there is independent entry and exit — e.g. buses are able to
overtake and pass each other and off-line values apply where independent entry is not possible.
Thus, a three berth stop would have 2.45 to 2.60 effective berths, while a 5-berth on-line stop
would have 2.75 to 3.75 effective berths.
A-1.1.1. Passenger Capacity of a Bus Stop

The maximum number of passengers per berth per hour can be estimated by multiplying
the berth capacity in buses per hour, by the boarding passengers per bus.

P, = CsB Q)

Where: B

Cp
Py =

boarding passengers per bus
berth capacity buses/berth/hour
passenger/berth/hour

1l

The number of passengers per stop becomes Pb Nb. Conversely, the number of effective

berths to serve J passengers per hour becomes the ratio of J to Py,
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The number of boarding passengers per bus normally governs the dwell times. Thus,
when either boarding volumes, or dwell times are known, the other can be readily determined.
Thus, for a 30-second dwell time and an assumed 3 second passenger service time, there would
be 10 boarding passengers per bus. Thus, for 3 berths (2.45 effective berths) a linear stop could
serve 2.45 x 43 x 10 for uninterrupted flow or 1050 passengers per hour (with interrupted flow
and 25% failure).

A-1.1.2. Passenger Capacity of a Bus Route

The passenger capacity of any busway, bus terminal approach system, downtown bus
street, or bus lane is governed by the number of buses that can be processed through the busiest
point of boarding, the boarding passengers they serve, and the ability to receive additional
passengers between this stop and the maximum load section. Thus, the distribution of passenger
boarding along a route becomes significant, as well as the allowable passenger loads per bus.

Generally, the maximum load section established the bus frequency in a corridor; enough
stopping locations and berth capacities at each stop should be sufficient to meet this frequency.

1. The maximum peak hour passenger volumes can be estimated as a
function of the number of buses that can be processed at the busiest stop, and assuming that each
bus is filled to its schedule-design load when it reaches the maximum load point. This
assumption is reasonable only for conditions of dispersed loading. Thus, if C'. are the number of
buses processed through the controlling stop, and S represents the number of passenger spaces
per bus, then the number of passengers becomes C'.

2. A more realistic assumption is to assume that the passengers processed at the

busiest stop represent a percentage of the maximum load section flow. Thus if Q represents the

passengers boarding at the controlling stop and they represent X% of the total, P,NB/X
represents the service volumes through the maximum load section.
A-1.1.3. Ilustrative Examples

Table A-4 gives sample computations:

1. The first step is to define the type of bus, the door channels available for
boarding, and the method of fare collection. From there, it is possible to estimate the service
times. Illustrative values are shown in the table. Using a 3.5 second dwell time for a single-door
bus with fare payment on bus as a base, the service times are progressively reduced to account
for use of multiple doors and prepayments. For example, 2 boarding channels would have about
0.7 the service time per passenger per channel as a single door. Obviously, these service times
should be keyed to specific conditions.

2. The passenger boarding per bus should be estimated during the peak 15-
minute periods.

3. Dwell times should be computed by multiplying the service times per person by
the passengers per bus. They should be increased to reflect variations, and adjusted for the effect
of traffic signals. The resulting “effective dwell” times should be added to the clearance time.

4. The buses per berth per hour should be computed based upon equations 1
and 2, and then multiplied by the number of effective berths. The passengers per berth per hour
should be obtained by multiplying the passengers per bus by the buses per berth.

5. Finally, the passenger volumes past the busiest load point can be obtained
based upon the likely % of the peak passenger volumes boarding at the busiest stations.

The table clearly shows that the number of people that can be accommodated depends

heavily on the number of door channels available for boarding, the methods of fare collection,
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and the ability to disperse boardings in major activity areas such as the city center. All are APPENDIX A

essential for effective BRT operations. REFERENCES
In some situations, it may be necessary to spread stops for alternate groups of bus-routes. 1. Levinson, H.S., C.L. Adams, and W.F. Hoey. Bus Use of Highways: Planning and
Design Guidelines, NCHRP Report 155. Transportation Research Board, National
The total number accommodated by a series of “split stops” represents the capacities for each Research Council, Washington, D.C., 1975.
stop. A 10 to 20% downward adjustment may be appropriate where buses have to share general 2. Special Report 209: Highway Capacity Manual, Transportation Rescarch Board, National

Research Council, Washington, D.C., 1985 (1994 and 1997 and 2000 updates).

traffic lanes when they pass stopped buses.
3. TCRP A-15A, Update of the First Edition Transit Capacity and Quality of Service

A-1.1.4. Outlying Stops/Stations Manual, Second Draft, Kittleson Associates, November 2002.

The number of bus berths that should be provided at outlying bus stops can also be
estimated based upon random arrival assumptions. Table A-5 gives the number of berths that
should be provided based on the Poisson distribution and allowing only a 5 percent change that
the bus bays will overload.

Emergent guidelines are as follows:

e Passenger service times of 20 seconds or less: one bus berth per 60 peak hour buses

(arterial street condition).

» Passenger service times of 30 to 50 seconds: one bus berth per 30 peak hour buses.

o Passenger service times of more than 50 seconds: two berths for every 60 peak hour

buses.
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TABLEA-1 TABLE A-2
VALUES OF PERCENT FAILURE AND ASSOCIATED ONE TAIL NORMAL UNINTERRUPTED FLOW
VARIATION
Failure (%) Za Failure Average Dwell Time, Seconds
Rate 10 20 30 40 50 60
1.0 2.330
1.00% 92 57 41 32 27 23
25 1.960 2.50% 98 62 45 35 29 25
5.00% 103 66 48 38 31 27
50 1.645 7.50% 107 69 51 40 33 28
10% 110 71 56 45 37 32
7.5 1.440 15% 145 76 56 45 37 32
20% 120 78 60 438 40 34
10.0 1.280 25% 24 84 63 55 42 36
30% 128 87 66 53 45 38
15.0 1.040 50% 144 103 80 65 55 438
20.0 0.840
SIGNALIZED WITH GREEN/CYCLE =0.5
25.0 0.675
30.0 0.525 Failure Average Dwell Time, Seconds
Rate
50.0 0.000
1.00% 53 34 25 20 16 14
2.50% 57 37 28 22 18 16
5.00% 60 40 30 24 20 17
7.50% 63 43 32 26 27 19
10% 65 45 34 27 23 20
15% 69 48 37 30 25 22
20% 72 51 40 33 28 24
25% 75 54 43 35 30 26
30% 78 58 46 38 32 28
50% 90 72 60 51 45 40
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TABLE A-3

EFFICIENCY OF MULTIPLE BERTHS

Effective Berth Factor, Ny

Berth No. On-line Stops Off-lineStops
1 1.00 1
2 1.75 1.85
3 245 2.60
4 2.65 3.25
5 275 3.75
SOURCES:

1. Specia Report 209: Highway Capacity Manual, Transportation Research Board, National
Research Council, Washington, D.C., 1985 (1994 and 1997 and 2000 updates).

2. Operational Analysisof Bus Lanes on Arterials— Application and Refinement, Research
Results Digest — September 2000, Number 38, Transit Cooperative Research Program,
Transportation Research Board, National Research Council, Washington, DC.
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TABLE A-4

TYPICAL SERVICE VOLUMES

BUS/FARE COLLECTION Arterial 50% Green/Cycle
Type of Bus Regular Articulated
Door Channels Availablefor Boarding 1 2 2 2 2 3
Fare Collection On Off Off On Ooff  Off
Vehicle Vehicle
Service Time Per Passenger Door M@ 35 25 2 25 2 15
Passengers Boarding/Bus 25 15 15 20 20 20
DWELL TIME (Seconds)
Passenger Boarding Time 52 38 30 50 40 30
Adjustment Factor for Random Variations® 0.905 0.905 0.905 0.905 0.905 0.905
EffectiveDwell Time 47 34 27 45 36 27
Clearance Time 15 15 15 15 15 15
EffectiveDwell Time, Plus Clearance 62 49 42 60 51 42
BUSES & PASSENGERS/HOUR
Buses/Berth/Hour 29 37 43 30 35 45
Passengers/Berth/Hour 435 550 645 600 705 855
Effective berths 25 25 25 25 25 25
Passengers/Berth/Hour 1090 1375 1610 1500 1765 2145
PASSENGERS PER HOUR PAST MAXIMUM LOAD SECTION
25% Board at Busiest Station 4360 5500 6440 6000 7060 8570
50% Board at Busiest Station 2180 2750 3220 3000 3530 4290

1. Assumes Loading Conditions Govern

2. Service Time/Door Adjusted to reflect use of multiple doors, e.g. from 1 to 2 doors gives a0.7 value
3. Effective Service Time = [1+(.675)(.6)] or 1.455 for uninterrupted flow, and [.5+.675(.6)] or .905 for ag/c of 0.5 for interrupted

Flow to account for likely variations per hour applied to passenger boarding
4. Capacity equals 1800 divided by effective dwell plus clearance for signalized intersections (g/c = 0.5) and 3600 divided by

Effective dwell plus clearance time uninterrupted flow (g/c = 1.0)

Page A-14
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Grade Separated Busway
Regular Articulated

1 2 2 3
off Off Off Off
Vehicle Vehicle
25 2 2 15
15 15 20 20

38 30 40 30
1405 1.405 1.405 1.405
53 42 56 42
15 15 15 15
68 50 71 57

53 63 51 63
795 945 1020 1260
25 25 25 25
1990 2360 2550 3150

7960 9440 10200 12600
3980 4720 5100 6300
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TABLEA-5
BERTH REQUIREMENTSAT BUS STOPS
(Outlying L ocations)

Number of Berths When
Service Time at Stop is

Peak Hour Headway 10 20 30 40 50 60
Bus Flow (Min.) Sec. Sec. Sec. Sec. Sec.  Sec
(Bug/Hr.)
15 4 1 1 1 1 1 1
30 2 1 1 1 1 1 1
45 1 1 2 2 2 2
60 1 1 1 2 2 2 2
75 1 2 2 3 3 3
90 1 2 3 3 4 4
105 1 2 3 3 4 4
120 2 1 2 3 3 5 5
150 2 3 3 4 5 5
180 13 2 3 4 5 6 6

NOTE: 95% probability that number of berths will not be overloaded; assumes a Poisson Distribution
of BusArrivals.
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APPENDIX B APPENDIX B

PEDESTRIAN AND LIGHTING GUIDELINES PEDESTRIAN AND LIGHTING GUIDELINES

This appendix contains detailed guidelines for (1) estimating pedestrian capacities
and service levels, and for (2) establishing lighting levels.

Pedestrian levels of service for walkways, stairways, and waiting areas are given
in Table B-1. Pedestrian ramps can achieve about the same capacities as walkways. A
Level of Service D or better should be used for walkways and stairways. To meet ADA
requirements, at least 10 square feet per person should be provided for pedestrian waiting
and queuing areas; this corresponds to Service Level C.

Reported capacities for doorways and escalators are given in Table B-2.

Observed average fare gate headways and capacities are shown in Table B-3.

Recommend lighting levels (luminance in foot candles are set forth in Table B-4).

They can augment municipal codes as appropriate.

TCRP A-23 Implementation Guidelines for Bus Rapid Transit Page B-1 TCRP A-23 Implementation Guidelines for Bus Rapid Transit Page B-2
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WALKWAY
SQ FT/PERSON
PED/FT/MIN

STAIRWAYS
SQ FT/PERSON
PED/FT/MIN

QUEUING AND
WAITING AREAS
SQ FT/PERSON

AVG. INTERPERSON
SPACING

TABLE B-1

PEDESTRIAN LEVELS OF SERVICE

LOS
A B C D E F

235 25-35 15-25 10-15 5-10 <5

0-7 7-10 10-15 15-20 20-25 VARIABLE
220 15-20 10-15 7-10 4-7 <4
<5 5-7 7-10 10-13 13-17 VARIABLE
>13 10-13 7-10 3-7 2-3 <2
>4.0 354 3.0-35 2.0-30 <20 VARIABLE

SOURCE:  Adapted from Section 7, Kittleson Associates, Inc.
Transit Capacity and Quality of Service Manual, Second Edition Draft, October 10, 2002

Transportation Research Board/Fruin, J. Pedestrian Planning and Design, Revised Edition, Elevator World, 1987

TCRP A-23 Implementation Guidelines for Bus Rapid Transit Page B-3

Final Report — June 2003

WALKWAYS
LOS
A

TmMmoO W

STAIRWAYS
LOS

TmMmoOO >

TABLE B-1

PEDESTRIAN LEVELS OF SERVICE

ALT. FORM

SQ FT/PED PED/FT/MIN
=235 0-7
25-35 7-10
15-25 10-15
10-15 15-20

5-10 20-25
<5 VARIABLE
=220 =5
15-20 5-7
10-15 7-10

7-10 19-13

4-7 13-17
<4 VARIABLE

QUEUING AND WAITING AREAS

LOS AVERAGE INTERPERSONAL SPACING

A >13 4.0

B 10-13 3540

C 7-10 3.0-35

D 37 2.0-30

E 2-3 22,0

F <2 VARIABLE
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TABLE B-2

DOORWAY AND ESCALATOR CAPACITIES

DOORWAYS SINGLE CHANNEL
TYPE OF ENTRANCE OBSERVED EQUIVALENT
ENTRANCE AVERAGE PEDESTRIAN
HEADWAY VOLUME
SECONDS PERMINUTE PERHOUR
FREE SWINGING 1.0-15 40-60 2400 - 3600
REVOLVING, PER DIRECTION 1.7-24 25-35 1500 - 2100
ESCALATORS
WIDTH AT INCLINE NOMINAL
TREAD SPEED CAPACITY
(IN) FT/MIN PED/MIN PED/HR
SINGLE WIDTH 24 90 34 2040
120 45 2700
DOUBLE WIDTH 40 90 68 4080
120 90 5400
NOTE: For planning purposes. Should not be used to determine means of egress.
TCRP A-23 Implementation Guidelines for Bus Rapid Transit Page B-5
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TABLE B-3

OBSERVED AVERAGE FARE GATE HEADWAYSAND CAPACITIES

OBSERVED AVERAGE
EQUIVALENT
HEADWAY
PEDESTRIAN
TYPE OF ENTRANCE SECONDS VOLUME
(PED/MIN)
Free admission 1.0-1.5 40-60
Ticket collector 1.7-24 25-35
Single-slot coin- or token-operated 12-24 25-50
Double-slot coin-operated 25-4.0 15-25
Card reader (various types) 1.5-4.0 25-40
High entrance/exit turnstile 3.0 20
High exit turnstile 21 28
Exit gate, 3.0 ft (0.9 m) wide 0.8 75
Exit gate, 4.0 ft (1.2 m) wide 0.6 100
Exit gate, 5.0 ft (1.5 m) wide 05 125
SOURCE: Fruin J., Pedestrian Planning and Design, Revised Edition,
Elevator World, Mobile, AL, 1987.
TCRP A-23 Implementation Guidelines for Bus Rapid Transit Page B-6
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TABLE B-4

RECOMMENDED LIGHTING LEVELS(ILLUMINANCE IN FOOT CANDLES)

STATION PLATFORMS AND SHELTERS FOOT CANDLES
OPEN PLATFORM 5
LOADING PLATFORM

UNDER CANOPY 10-15
TICKETING AREA — TURNSTILES 20
PASSAGE WAY S 20
FARE COLLECTION BOOTHS 100
CONCESSIONS AND VENDING MACHINE AREAS 30
STAIRS AND ESCALATORS 20
WASHROOMS 30

PARKING AREAS-LOTS
PASSENGER DROP-OFF 3-5
PARKING LOTS 1-2
PARKING FOR HANDICAPPED 3-4
ENTRANCES AND EXITS 3-4
BUS LOOPS, RAMPS & ACCESSHEADWAY S 1.0-15

PARKING AREAS - GARAGES
ENTRANCE AND EXITS DAY 50, NIGHT 5
TRAFFIC LANES'RAMPS 10
PARKING AREAS 3-5
STAIRS AND ESCALATORS 20

WALKWAYS
SIDEWALKS 0.5-2.0
WALKWAY S DISTANCE FROM ROADWAY S 0.5
PEDESTRIAN TUNNEL 4-5

UNIFORM VALUES (EXCEPT UNDER THE PASSENGER CANOPY) SHALL NOT
EXCED THE FOLLOWING VALUES:
AVERAGE TO MINIMUM 25T01
MAXIMUM TO MINIMUM 5701

SOURCE: 1. Design Criteriafor METRO Park & Ride and Transit Facilities,
Metropolitan Transit Authority, Houston, November 2000.
2. Illuminating Engineering Society of North America— Value of Public
Roadway Lighting, New Y ork Report IES-CP31-1987.
3. Guidefor the Design of Park-and-Ride Facilities, AASHTO,
Washington, D.C., 1994.
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C-3

C-4

C-5

C-6
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APPENDIX C

DESIGN VEHICLE CHARACTERISTICS

LIST OF FIGURES
DESIGN VEHICLE CHARACTERISTICS FOR TYPICAL 40 FT BUS
DESIGN VEHICLE CHARACTERISTICS FOR TYPICAL 45 FT BUS
DESIGN VEHICLE CHARACTERISTICS FOR TYPICAL 60 FT BUS
US CUSTOMARY DESIGN VEHICLE SPECIFICATIONS
TURNING RADII FOR DESIGN VEHICLES
TURNING RADII FOR TYPICAL 40 FT BUS
TURNING RADII FOR TYPICAL 45 FT BUS
TURNING RADII FOR TYPICAL 40 FT DUAL-DOOR BUS

TURNING RADII FOR TYPICAL 60 FT BUS
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oD

fe F »le D - L —
B >
ITEM
A Overall Height 30m (99 f)-34m (111 f)*
B Overall Length 12.1 m (40 R)
C  Overall Width 25m (82 ft)-2.6m (8.5 M) *
D Wheel Base 72m37R)-7.6m (249 M *
E Front Axie to Bumper 21m (72 ft)
F Rear Axle to Bumper 24m@G3f)
x
A
¥
NET/GROSS VEHICLE WEIGHT **
Front Axle 3,370/5,440 kg (7,420/11,980 1bs)
Rear Axle 8,200/11,200 kg (18,060/24,660 lbs)
Seating Capacity 46 - 51:
Standing Capacity 20-25
NOTES
* Varies for different types of 12.1 m (40 ft) buses
% % Net Weight is "Road Ready” Without Passengers
Gross Includes Passengers
{Source: NCHRP 414 HOV System Manual, Texas
Transportation Institute, Parsons Brinckerhoff, Oracle
and Douglas Pacific Rim Association. TRB, National
Research Council, Washington, D.C., 1998.)
Design Vehicle Characteristics for Typical 40 Ft Bus
Figure C1
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o

==
O,

9

o 3

ITEM

A Ovenall Height

B Overall Length

C  Overall Width

D1 Whee! Base - Front
D2 Wheel Basc - Rear

E Front Axie to Bumper
F Rear Axle to Bumper

32m (102 f)
18.3 m (60 &)
2.6m (8.5 f)
53m (17.5 ) - 5.7 m (18.6 R)*
71m (233 §)-74m 242 )¢
26m (8.5 f))
29m (8.7 )

(m]

NET/GROSS VEHICLE WEIGHT **

Front Axle
Rear Axle
Center Axle

5,360/7,450 kg (11,800/16,420 1bs)
5,510/7,420 kg (12,130/16,420 tbs)
6,800/11,010 kg (14,970/24,250 1bs)

MAXIMUM BEND ANGLE

Horizontal

+ 36 deg

Vertical + 11 deg

Seating Capacity
Standing Capacity

NOTES

70- 76*
3g*

* Varies for different types of articulated buses
% % Net Weight is "Road Ready" Without Passengers
Gross Includes Passengers

o
. =) 00
[ [~ 1 £
le D N
e 1« » ol
ITEM
A Overall Height 3.7m (122 f)
B Overall Length 13.7 m (45 ft)
C  Overall Width 26m (8.5 f)
D Wheel Base 69m (229 ft)
7:
2
A
St L]
LITIT)
[=]a]=] [=w]=)
——l sl
C C
NET/GROSS VEHICLE WEIGHT * *
17,326/22,777 kg (38,150/50,150 lbs)
Seating Capacity s0 ¥
Standing Capacity 28 %
NOTES
* Varies for different types of 13.7 m (45 fi) buses
* % Net Weight is "Road Ready" Without Passengers
Gross Includes Passengers
{Source: NCHRP 414 HOV System Manual, Texas
Transportation Institute, Parsons Brinckerhoff, Oracle
and Douglas Pacific Rim Association. TRB, National
Research Council, Washington, D.C., 1998.)
Design Vehicle Characteristics for Typical 45 Ft Bus
Figure C2
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(Source: NCHRP 414 HOV System Manual, Texas

Transportation Institute, Parsons Brinckerhoff, Oracle
and Douglas Pacific Rim Association. TRB, National

Research Council, Washington, D.C., 1998.)

Design Vehicle Characteristics for Typical 60 Ft Bus
Figure C3
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US Customary
Overall Overhang Typical
Design Vehicle Type Symbol | Height | width | Length | Front | Resr [ wa, | ws, 5 T we, | we, | “axis
Passenger Car P 425 7 19 k] 5 " - - - - = =
Srgle Unit Truck sU 1935 | 80 E] 4 6 20 - - - - -
Buses
ety Bus ke A BUS40 120 85 [ [ 63 ] 37 — — — — —
BUS45 120 85 3 § g5 | 265 40 — — — — —
City Transd Bus cmreus | 08 85 &0 7 B 5 — — — — — —
C gspass) | seuse | s &0 358 25 12 213 — — — - — —
Large School Bus (84 pass) sBUS40 | 108 &0 [ 7 13 20 - - - - - —
Arficulated Bus ABUS 1 85 50 L1 10 20 184 620 132 - - =
Trucks
Intermediate Semirailer WE-40 135 L] 455 3 5 125 275 - = = = 75
Intermediale Semirailer WB-50 135 85 55 3 F 146 | 354 — - - - 315
Iierstate Semirades WB-62* 135 85 685 4 25 | 216 | 404 — - — — 425
Irtersiae Samiaier wass o s | es | ms | 4 [asas| e |esase] - - - - |assars
“Double-Bation™SemitraderTraier | WBS7D | 135 85 73 | 21 3 1o | 230 | 3 | 7ee | mo — 230
Triple-SemirailenTraiers we-100T | 135 a5 | e | 2: 3 0 | ;s | oae | oree | a0 | oo | 20
Turnpike Double-SemivailerTraler | we-0a0* | 135 85 e | 233 | 2% | w3 | 9 | 25 | oo | ws - &5
Recreational Vehicles
Motor Home MH 12 [l E] 4 [] 20 - - - - = =
Car and Camper Trasler PT 10 8 487 3 10 1 - 5 19 - - -
Car and Boal Trader P8 - [] [ 3 8 11 5 15 - - —
Motor Harme and Boat Trader MHE 12 [ 53 4 8 20 — 6 15 — — —
Farm Trachor! TR 10 810 16 — — 10 5 3 65 — — —
* = Designvehicle with 48 R railer as adopted in 1962 Surlace Transportation Assstance Act (STAR)
“ = Delqnvs!demSaktaluasgmrahaeﬂnwmasmauﬂmmmmﬂdmw
)= bined d is 1948 g section as 4 f wide.
b= Cmtbmeddmnsmswlrwlt
© = Combined dimensian ks fypecally 10
@ = Combined dimension s ypically 1258
® = Thisis overhang from the back ade of the tandem axle assambly,
I = [Dimensons ane for a 150-200 hp tractor excluding any wagon length.
9 = Toobiain the total length of tractar and cne wagon, add 18.5 1 1o tractor length. Wagon length is measured from froei of drawbar bo rear of wagon, and deawbar s 6.5 ftlong.
+ W8, WE;, and WE, are th ve vehicie or d betwesn ad groups, starting at the front and working fawards the back of each unit
+ s the distance fram the rear eSlective ande bo the hitch point or point of ariculation
* Tis the distance from the hitch point or point of articulation measured back to the center of the next axde or centier of tandem axie assembly.
(Source: A Policy on tric Design of Highways and
Streets 2001. American Association of State Highway
and Transportation Officials, Washington, D.C., 2001.)
US Customary Design Vehicle Specifications
Figure C4
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US Customary

Conven-
tional | Large®
Design Pas- Single City | School | School Int d-|Intermed-|
Vehicle | senger Unit Inter-city Bus Transit | Bus (65 | Bus (84 | Articu- |late Seml-{iate Sem|
Car Truck {Motor Coach) Bus | pass) | pass.) |lated Bus| trailer traller
Symbol P suU BUS-40 | BUS-45 [CITY-BUS|S-BUS36| 5-BUS40 | A-BUS WB-40 WB-50
Minimum
Design
Tuming 24 42 45 45 42.0 38.9 394 398 40 45
Radius
(f)
Center-
line'
Tuming 21 a8 40.8 40.8 3rs 349 354 355 36 41
Radius
(CTR)
Minimum
Inside | 444 | 283 | 276 | 255 | 285 | 238 | 254 | 213 | 193 | 170
Radius " % ' L ' . ¥ i !
()
Turnpike
“Double | Triple | Double Motor Farm™
Design Bottom” | Semi- Seml- Carand | Carand | Home | Tractor
Seml- |C trailer/ tralier/ Motor | Camper Boat |and Boat| w/One
|_Type traller tion | trailers | traller | Home | Tralier | Traller | Traller | Wagon |
Symbol | we-62° | WEESC | we-67D | WB-100T [WB-1090°  MH PIT P | MaB | TRW
Minimum
Design
Tuming 45 45 45 45 60 40 a3 24 50 18
Radius
(m)
Center-
ling"
Tuming 41 41 41 41 56 36 30 21 46 14
Radius
(CTR)
Minimum
Inside
Radius 7.9 4.4 19.3 9.9 149 259 17.4 8.0 351 105
(m)

' = Design vehicle with 48 ft trailer as adopted in 1982 Surface Transportation Assistance Act (STAA).

* = De&mwhndemm&fwaierasgrwﬂfammdmmmmm‘ face Ti n Act (STAA).

' = The tuming radius d by a desig i possblemmngpalhsandissetallhecantedmd
the front axle of a vehicle. Itthemln[mu.rntumlngpamls d, the CTR approxi y equals the mini
design tuming radius minus one-ha.lf the front width of the vehicle.

® = School buses are f; 1 from 42 to 84 g sizes. This comesponds to wheelbase

lengths of 132 in to 237 in, respectively. For these different sizes, the minimum design tuming radii vary from
28.8 tt 1o 39.4 ft and the minimum inside radii vary from 14.0 ftto 25.4 ft.

= Tuming radius is for 150-200 hp tractor with one 18.5 ft long wagon attached to hitch point. Front wheel drive is
disengaged and without brakes being applied.

(Source: A Policy on Geometric Design of Highways and
Streets 2001, American A iation of State Highway
and Transportation Officials, Washington, D.C., 2001.)

Turning Radii for Design Vehicles
Figure C5
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(|_H___|l

0.30m 3 '
259m _[122jn ¥ 808m 183

162m 1.13m 7.32m .83m | x
- [8.51t] 4 [26.5 fi] 6 0  S5ft 10ft
631 [B.77] q1200m [2411 6 ft] o sSft 10# 1331? - :)EE1E:_§'?
-l - m -2 m
[4of 0 im 25m scale
scale
Path of left T _
Path of front Path of front
overhang o
\\ \\
\‘ \\
Vi W\
Yy v
1 R
R ¥
'
¥ I
058 10ft L ! 05t 101 L
i 1
) } n
0 25m Path of right K 1 0 25m il
scale rear whee : ! i scale E
1 ||
i 1l (]
[ L : o | 1Y
I | ] * Assumed steering angle is 44.4 !
250m P 7~|~<59>m1 « CTR = Centerline turning ! ,:
[8.51] : H [8.51] radius at front axle
i
b
. . ] (Source: A Policy on Geometric Design of Highways and
¢ Assumed steering angle is 38.7 Streets 2001. American Association of State Highway
« CTR = Centerline turning and Transportation Officials, Washington, D.C., 2001.)
radius at front axle
(Source: A Policy on Geometric Design of Highways and H M H
Str:ets 2001"/\?‘1/1erican Asso::iatior: of Statle Hvilgﬁway Turnlng Radii for Typlcal 45 Ft Bus
and Transportation Officials, Washington, D.C., 2001.) Figure C7
Turning Radii for Typical 40 Ft Bus
Figure C6
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Path of le y AN N overhang
frof \
A
A
AY
\
\
]
1
1
¥
4
)
i
)
| '
O05f/10% H
13
0 25m . !
scale Path of right H
!
i
)
]
]
1
1]
]
[}
]
13
{
i
i

- ——— " ————— o——— o

*  Assumed steering angle is 37.8°

250m
8.5t ] .
[8.5] 259m . Aticuleted angle is 38.1°
] {851} « CTR = Centerfine tuming
* Assumed steering angle is 41 radius at front axie
« CTR = Centerdfine turning
radius at front axle (Source: A Policy on Geometric Design of Highways and
Streets 2001. Almerica‘n ‘Associatiqn of State Highway
(Source: A Policy on Geometric Design of Highways and and Transportation Officials, Washington, D.C., 2001.)
Streets 2001. American Association of State Highway
and Transportation Officials, Washington, D.C., 2001.)
Turning Radii for Typical 60 Ft Bus
Figure C9

Turning Radii for Typical 40 Ft Dual-Door Bus

Figure C8
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APPENDIX D

DETAILS OF ACCESS POINT DESIGN

LIST OF FIGURES

D-1 ENTRANCE AND EXIT RAMP DIMENSIONS

D-2 INTERSECTION DESIGN DIMENSIONS FOR BUSWAYS

Source: Levinson H.S., et al, NCHRP Report 155, Bus Use of Highways Planning
and Design Guidelines, Transportation Research Board, National Research

Council, Washington D.C., 1975.
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{A) Tangent of
| variaole R

Busway Entrance Ramp
3 2' nose

Edge of paved shoulder

- e
ge of through P
pavement ~— Busway
l | ALTERNATE DESIGN WITHOUT
PAVED SHOULDERS 14'
- Busway Entrance ; 6'
Limit of Paving
t

—— Busway

Nﬂ‘m_l

variable R
Edge of Paved Shoulder

- Busway Exit Ramp

4 Edge of through pavement

~—  Busway

(A) Convergence rate in merging section may vary

14 2 offest from 20:1 to 50:1, depending on ramp speeds.
27 N05¢ ™™ Busway xit (B) Normal shoulder width
- - -
&' offset &' NOTE

- Busway 1. Mustrated designs are applicable to busway-

busway junctions. Busway-freeway junctions
should conform to freeway design criteria,

Entrance and Exit Ramp Dimensions
Figure D1
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NORMAL FLOW BUSWAY +
AND CROSS STREET OR BUSWAY 30'R

Flaredeg;ection _

//_Busway or
Cross Street

S
/
ol e e = e

’

(3) ,Busway

\
V
1
1
\ N
T\
10 \ !
=31 H
S )
=3 ': )
Vg | I }
(3) Normal width of Travel Lane '\l i i)
s\ I
NOTES RN "o
g8 \lgl | !
1. Corner Radii may be reduced where tums. og S P
are noton planned bus routes. & F g" Bus Tlumiln @ Paths
2. Flared sections may be omitted where w ot W
encroachment on adjacent lanes is }A/ 7 ]
permissable, or where a parking lane can { 1 :
be utilized. | 1
h H !
\ ot

BUSWAY RAMP AND
CROSSSTREET

30"-50'R

—-—
—

{3) Busway Ramp (3) Busway Ramp

Cross Street

Direction of — «— Direction of

—

Ramp Flow 30'R Ramp Flow /\\
+ 30'-§2'R
o D
*
ALTERNATE DESIGN WITHOUT ! 1: %
BUSWAY FLARED SECTION R
R 18
60" [
——

Stop Line / ™,
Set Back hY

—

(Source: Levinson, H.S., et al, NCHRP Report 155,
Bus Use of Highways Planning and Design Guidefines,
Transportation Research Board, National Research
Council, Washington, D.C., 1975.)

Intersection Design Dimensions for Busways
Figure D2
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APPENDIX E
BRT VEHICLE TECHNOLOGY DETAILS
E-1. INTRODUCTION

This appendix contains further details of the major systems and subsystems that
comprise modern BRT vehicles. It covers on-board electronics, chassis and suspension,
body features, auxiliaries, and examples of BRT system and vehicle costs.

E-2. ONBOARD (NON-PROPULSION) ELECTRONICS

Buses are increasingly being equipped with mput/output multiplexers. The
electronic communications and control devices reduce the amount of wiring required,
allow monitoring of subsystem status, and facilitate rapid diagnosis of faults. These are
not unique to vehicles in BRT service, but for specialized BRT vehicles, they can be
expected to be connected to a larger number components and subsystems due to the
increased complexity of the vehicle design. These might include two or more drive
motors, computerized engine controls, advanced active suspension (keeps vehicles level
in turns for comfort and safety), Intelligent Transportation Systems (ITS), air-
conditioning and other auxiliaries.

The multiplexer has a port which further allows a skilled technician to use a
laptop personal computer to identify more precisely where faults are within the bus. This
can greatly reduce the time needed for troubleshooting. In turn, electronic subsystems can
be installed in the bus in a modular fashion, a technique long used in aircraft. The faulty
module is removed and quickly replaced to reduce the downtime of the vehicle.

E-2.1. Intelligent Transportation Systems
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BRT vehicles, whether buses or specialized vehicles, must be equipped with a
variety of Intelligent Transportation Systems (ITS). These are not necessarily unique to
BRT vehicles, but are required for the special image and role these vehicles play within a
transit network.

The centerpiece of ITS is an Automatic Vehicle Location (AVL) system. It
provides the information needed for real-time control of operations and for real-time
passenger information. Furthermore, it provides a time and location stamp for all other
events monitored and measurements taken by the onboard electronics. The predominant
technology in use is Global Positioning Satellite (GPS), supplemented by an odometer
reading so that a backup exists should the GPS skip one or more of its periodic readings.
This information is periodically sent to the dispatcher workstation and on to websites via
a data radio.

BRT vehicles should have ADA features such as visual and audio stop
annunciation, similar to buses in regular service. AVL systems may also provide
additional messages about connecting routes. The annunciation and messaging can be
fully automatic due to a link with the AVL system. Outside destination signs can also be
linked to the AVL system. Internal visual information canbe provided, either through
horizontally moving messages through multiple-row electronic signs, or through video
screens. The increasing compactness of flat panel video screens and decreasing price will
probably lead to their being favored over time.

E-2.2. Communications
The communication interface from the operator to the dispatcher is through a

Mobile Data Terminal (MDT). It will have a display that typically notifies when there are
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incoming messages, acknowledges receipt of outgoing messages, provides operational
assistance such as schedule adherence information, and vehicle condition information. It
can send information to the dispatcher or maintenance facility from any other equipment
connected to a multiplexer, either routinely or on an exception basis. The latter has the
advantage that the radio message traffic is much less.

The default communication method is usually two-way digital messaging.
However, a voice radio is also used as a backup and for communications that can not be
done with preset (canned) message buttons. Data not transmitted over the data radio
during the day can be stored until the end of the day for downloading. The technique can
be through a disk medium or a cable connection, but these can be impractical for large
fleets. The technique thus gaining popularity is a weak radio. This technique is known as
Dedicated Short Range Communications (DSRC).

BRT operations will almost always involve some degree of transit priority at
intersections, which typically requires additional local communications to report the
presence of the bus nearing an intersection, such as an optical signal to a traffic signal
controller, an infrared signal to a signpost along the roadside, or DSRC. Such subsystems
must be integrated into the AVL system.

E-2.3. Fare Collection

Smart card readers, either contacting or contact-less, are also very likely to be
present on buses used in BRT operations. These are for the convenience of passengers,
and most importantly, to speed operations by relieving the operator of fare responsibility
to the maximum extent possible and by reducing time passengers spend blocking

doorways. The “Smart Farebox™ also can accept cash, tokens or other non-smart card fare
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media. Smart fare systems can receive a time and location stamp from the AVL system, if
desired. This data can be sent either over the course of the day or downloaded at the end.
Photo E-1 shows a WMATA farebox with the convenience of both a magnetic stripe card
and a smart card reader-writer.

Fare collection is one way to provide passenger count information, but typically
only provides boardings (unless passengers are required to re-read their smart card upon
alighting). Automatic Passenger Counters (APCs) in the doorways provide full on and off
count capability. The number of boardings and alightings is time and location stamped
through a link with the AVL system. Once again, the data can be sent of the course of the
day or downloaded at the end. In an interesting application, at least one agency (Paris
RATP) uses both reaktime boarding counts from contact-less card readers and from the
APCs. The comparison of the two can detect fare evasion.

E-2.4. Passenger Security

There are a variety of security features which can be installed and are likely to see
use in BRT operations, since safety and security are central to its image. Vehicles
equipped with AVL can have a covert alarmthat the operator can activate. A few
agencies have also installed covert microphones, which transmit over the voice radio to
allow the dispatch center or police to determine the nature of the emergency. Cameras
can store images on board for later use as evidence. Their presence alone can act as a
deterrent.

There is also at least one product available that can transmit photos over the

digital radio, but its current popularity is limited, since it would require a long
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transmission time. “Near real-time” transmission of photos as well as video will increase
when high-transmission-rate data radios become widely available.

Like typical transit buses, BRT vehicles can have several subsystems requiring
“logging in” or which need to be initialized by the operator. The AVL system, the smart
farebox, the destination signs, the stop annunciator, etc. may all be provided by different
vendors, installed at different times, each requiring separate procedures. There may also
be a clutter of equipment and bracketry, perhaps with more than one MDT, surrounding
the operator’s seat. Furthermore, the vehicle may have additional multiplexers, GPS
units, and other duplicative devices retrofitted.

Standards being developed within the North American ITS community should
reduce the problem with duplicative devices. At least one major European bus
manufacturer is already addressing this issue (Volvo Mobility Systems, 2001). Its
vehicles will come standard with all of the interfaces for a wide variety of ITS
subsystems and will install those selected at the time of purchase on the assembly line
instead of as a retrofit. A multifunctional MDT will be built into the driver console. It can
serve as a simultaneous login for multiple devices, for AVL-related communications, for
vehicle condition reporting, and other functions. This will likely be standard practice over
time, since it simplifies the bus specification, manufacture, and the tasks the bus operator
must perform.

E-3. CHASSIS AND SUSPENSION

When using conventional buses for BRT operations, the chassis designs could, of

course, span the wide range of designs available. There are a few locales where single-

body and otherwise wholly conventional designs are used, such as the Los Angeles Metro
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Rapid, but most applications will likely be of single-articulated design. These provide
high capacity, and can operate on the same geometric alignments as single-body buses.
When a dedicated right-of-way is available and passenger flows are significant, bi-
articulated vehicles can be used, as in Curitiba.

In conventional buses, engines can be mounted longitudinally, transversely, or
even vertically. The most common has been the transverse mount in the rear. The
longitudinal approach has been used with “pancake” motors, that is, motors with all
cylinders on one plane. The engine is placed under the floor mid-bus, and the drive train
layout is the same as a rear-wheel drive automobile. A vertical mounting allows the
engine to be placed in a back corner of the bus, but it requires an unconventional drive
train to power the rear axles.

The trend in all developed countries is to replace high-floor buses with low-floor
buses. The latter, of course, are easier and quicker to board and alight since there are no
steps. It also obviates the need for wheelchair lifts, an expensive and trouble-prone
component. There are disadvantages, however. Since the wheel diameter is the same, the
front wheels now protrude into the passenger compartment to such as height as to render
this area unavailable for seating.

A compromise solution long popular in much of Europe, and increasingly popular
in North America, is the 70 percent low floor bus. The idea is to have a low floor until
just behind the rear door. This allows ready access to the front part of the bus, but at the
same time permits a wholly conventional drive train design in the rear, since the floor is

higher. The drawback is that there must be internal steps, but this can be ameliorated by
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using a sloping floor rather than level rear section. This solution can be used for
articulated as well as standard length buses, if only the rearmost axle is to be powered.

Another possibility is to use high-floor buses of conventional design in anall
high-platform system. This is completely analogous to rail rapid transit operation. This
allows the use of the simplest bus design — a high-floor bus without either stairs or
wheelchair lift. The disadvantages are also evident. The bus can only serve stops with
high platform infrastructure, but wholly suitable for BRT operations where the bus never
branches into service areas without high platforms. This has been used in the ultra-high
capacity BRT operations in Curitiba and Bogota.

Virtually all conventional bus designs use a rigid steel frame for the basis of the
chassis, although in some designs, actually constructed from a pre-assembled steering
module for the front and pre-assembled power module for the rear. In a non-articulated
bus, the two are then linked with beams at final assembly. Articulated buses are more
complex. They have a turntable joint approximately one meter (three feet) behind the rear
axle of the front section. In addition to rotation in the horizontal plane, they can pivot to
approximately 15 degrees in the vertical plane to allow climbing and descending hills.
Although complicated, these turntables have been perfected through many years of use.
There are also a few articulated designs where a linkage connects between the front
steered axle and the rearmost axle. This link will turn the rear axle one-half the angle of
the front axle to improve maneuverability.

A modern transit bus chassis is supported by an active air suspension to provide a
comfortable ride and reduce harmful jolts and shocks to the frame and bodywork. They

will often have a kneeling ability. The air is quickly relieved from airbags on the door
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side of the vehicle or perhaps the entire vehicle is lowered. This facilitates matching of
the door to uneven curb heights and helps the elderly and disabled to board where there
are no curbs. The airbags can quickly be refilled, using the compressed air system also
powering the brakes.

Specialized BRT vehicles are all of low-floor design. They use hub motors to
facilitate 100 percent low floor interiors. The motor and generator are mounted
transversely in the rear, much like the conventional bus designs, but do not need the
mechanical drive trains. All designs make provision in their chassis layout to
accommodate fuel cell propulsion plants in the future. The retractable mechanical guides
used in several of the designs add to the underside complexity.

At least one specialized vehicle is available either in standard or articulated
model. At least two others are available in either an articulated or double-articulated
model. There can be some significant differences, however, from conventional designs.
The Bombardier-Spies GLT uses the standard technique of mounting the wheels a short
distance ahead of the articulation joint, but adds swivel capability to the wheels in order
to tighten the turning radius. This design has experienced some difficulties in early
revenue service. The Translohr STE design places the wheels directly under the
articulation joint, in a manner reminiscert of LRV, but with the important difference that
these are just single-axled with rubber tires rather than tandem axles with steel wheels.
The Irisbus Civis uses the same articulation technique as conventional buses. Experience
with these vehicles in revenue service will reveal which designs have the best
combination of maintainability, economy, reliability and ride comfort.

E-3.1. Body Features
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Conventional buses used for BRT operation are very likely to be selected in large
part for their high quality and aesthetically pleasing bodywork, given its importance to
the image of a BRT system. Large side windows and a large front windscreen not only
contribute to the outward image, these are essential to creating a well-lit interior and
excellent view for passengers. Special attention must be paid to the finish and details. The
body must be able to retain a high-quality finish. Designs that facilitate the rapid
replacement of damaged panels are highly desirable.

Table E-1 lists some key dimensions of selected buses. Buses for BRT application
tend to have similar overall dimensions to those used for general purpose. This is because
they must generally be able to use public roadways and, in some cases, share even
dedicated busways with general-purpose buses. There are exceptions where btrarticulated
buses of abnormal length can be used, such as Curitiba, Brazil. This is facilitated by a
special roadway system specifically designed for oversized buses. Finland and Sweden
permit bi-articulated buses even on some roads open to the public. Their use in North
America would require special dispensation.

Specialized BRT vehicles usually have an LRT vehicle -like appearance. All tires
are covered on most specialized vehicles, as visible rubber calls attention to the essential
bus-like nature of the vehicle. Several of the vehicles have an option to place the driver
in the center rather than to the left, also in keeping with LRV design concepts. Whether
this option should be selected depends upon the portion of driving that occurs off the
dedicated right-of-way, as drivers might prefer the left position in mixed traffic.

All vehicles, whether of specialized or conventional design, must have large

doorways. The BRT concept demands quick passenger interchanges. Most designs have
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some flexibility in the number of doors. In general, too many doors would be better than
too few. Sacrificing some seating space in the interest of shorter dwell times is a tradeoff
that requires serious consideration. A few BRT-like operations have taken the gep of
marking half the doors for boarding, and half for alighting, in the interest of reducing
friction.

Also requiring consideration, regardless of bus design, are the amenities and
comfort provided. Buses for BRT operation are clearly intended to see heavy volumes of
boarding and alighting, which argues for a rugged interior. On the other hand, the strong
image requires a softer interior. Thus, seats should be comfortably padded. A
compromise solution that protects the interior is folding seats along the walls that keep
them out of the way when not being used. This has the further advantage of providing
extra standing space during periods of crowding.

Conventional buses should have an interior layout with standing room and
stanchions at the vestibules at each door, with the possible exception of the front door.
This space also serves as a storage area for luggage, baby carriages, shopping carts, and
perhaps even bicycles, in the off-peak period. If used, fare cancellation machines can be
placed on stanchions near the doorways. If there are to be cash fare payments onboard,
they are likely to occur at the front door.

The North American solution to wheelchair provision is to put a forward facing
tie-down at one or more of the vestibules. The European approach and the one likely to
be provided with the specialized vehicles, unless otherwise requested, is different. It uses

two strong stanchions with backward facing pad bridging them. The wheelchair can
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simply back up against it without using a restraint. This provides automatic protection
against hard braking and forward collisions.

On all low floor buses, regardless of bus design, the large wheel wells limit the
flexibility of use near the front door. Some layouts now use a pedestal just before and
after the wheel well with pairs of forward and backward facing seats placed on top. This
can also be done at any intermediate and rear wheel wells. An alternative solution is to
use the area atop the wells as a luggage storage area.

Specialized vehicles are designed to permit a variety of seating configurations,
including some curved seats almost resembling couches. Another possibility is face-to-
face seating, popular in some rail vehicles. Thus, the layout can be selected in accordance
with local customs and preferences. In at least one of the vehicles, the seating
configuration can be changed fairly quickly, permitting experimentation, changes for
different seasons, for different routes, etc.

The choice of body materials for both conventional and specialized vehicles
remains the same plastics, aluminum, mild steel and stainless steel that have been used in
the past. Regular mild steel is in most common use, but many specialized BRT vehicles
(e.g., Civis) are made of stainless steel and can be expected to have a significantly longer
body and life, in excess of 18 years before a major rebuild instead of the normal 12 in the
U.S. Composites are also being used with some success by at least one vendor (North
American Bus Industries). These materials may become increasingly popular. This allows
unibody construction, that is, the body and chassis can be combined. Indeed, the body
wraps around and encloses almost the entire underside. The result is a vehicle that is

substantially lighter for a given vehicle size, or conversely, a larger vehicle can be built
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of the same weight. For example, North American Bus Industries currently offers a 45-
foot-long composite bus of similar weight to their 40-foot standard bus.
E-4. AUXILIARIES

Most auxiliaries on buses for BRT operations will be similar to those already in
use. These include air-conditioning, air compressors, fuel tanks in the case of onboard
prime movers, propulsion control electronics in the case of electric prime movers and
hybrid drives, ITS peripherals, etc. The exact location of auxiliary components depends
upon the chassis and propulsion plant configuration used. Low-floor and alternative-
fueled buses are already widespread, and most transit agencies have become accustomed
to the different servicing procedures required to reach auxiliaries relocated to more
difficult-to-reach locations. Some of these may be reachable only with redesigned
workspaces having gangways at roof level. This is particularly l