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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 Intermodal 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 theindependent 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 developing 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, and senior managers.

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, at amaximum, include grade-
separated bus operations. The essential features of BRT systems are some form of bus
priority, faster passenger boarding, faster fare collection, and a system image that is
uniquely identifiable. BRT represents away to improve mobility at relatively low cost
through incremental investment in a combination 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 Sudies in Bus Rapid Transit provides
information on the potential range of BRT applications, planning and implementation
background, and system description, including the operations and performance ele-
ments. Volume 2: Implementation Guidelines discusses the main components of BRT
and describes BRT concepts, planning considerations, key issues, the system devel op-
ment process, desirable conditions for BRT, and general planning principles. It aso
provides an overview of system types.

This report was prepared by Herbert Levinson of New Haven, Connecticut, and
DMJIM+HARRIS of Fairfax, Virginia, in association with Scott Rutherford of Seattle,
Washington; Rodney L. Smith of Carter & Burgess, Inc., Houston, Texas; John Crack-
nell of Maidenhead, United Kingdom; and Richard Soberman of Toronto, Canada.
Volume 1 examines BRT systems and servicesin 26 cities located in North America,
Australia, Europe, and South America; the 26 case studies are on the accompanying
CD-ROM (CRP-CD-31). The report covers a geographically diverse group of com-
munities and a broad range of applications. For each city’s BRT system, information
is provided on design features, operating practices, ingtitutional arrangements, costs,
benefits, and relevance.

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

Busrapidtransit (BRT) systemsarefound in citiesthroughout the world. Their oper-
ating flexibility and their ability to be built quickly, incrementally, and economically
underlie their growing popularity. The systems vary in design, operations, usage, and
effectiveness. Collectively, the case studies on BRT provided on the CD-ROM accom-
panying thisvolume give awealth of information on BRT and how it should be planned
and implemented.

This report draws on the experiences of 26 urban areas in North America, Australia,
Europe, and South America. Most of the BRT systemsreviewed are in revenue services,
and afew are under construction or development. Information was assembled for each
case study oningtitutional arrangements, system design, operating practices, usage, Costs,
and benefits.

S.1 WHAT IS BRT?

BRT can be defined for this study as a flexible, rubber-tired rapid-transit mode that
combines stations, vehicles, services, running ways, and Intelligent Transportation Sys-
tem (ITS) dementsinto an integrated system with a strong positive identity that evokes
aunigueimage. 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. In brief, BRT is an integrated system of facilities, services, and
amenities that collectively improves the speed, reliability, and identity of bus transit.

BRT, in many respects, is rubber-tired light-rail transit (LRT), but with greater oper-
ating flexibility and potentially lower capital and operating costs. Often, arelatively small
investment in dedicated guideways (or “running ways") can provide regional rapid
trangit.

S.2 CASE STUDY LOCATIONS

Thelocations, urban populations, rail transit availability, and devel opment status of the
26 case study citiesareshownin Table 1. They include 12 urban areasin the United States
(Boston, Charlotte, Cleveland, Eugene, Hartford, Honolulu, Houston, Los Angeles—



TABLE 1 Casestudy locations

URBANIZED RAIL
CASE STUDY LOCATION POP?JE&?ION TRI\‘/IAEN,?;%IN
(MILLIONS) AREA?
NORTH AMERICA
Boston, MA 3.0 N
Charlotte, NC 1.4
Cleveland, OH 2.0 v
Eugene, OR (Lane Transit District) 0.2
Hartford, CT 0.8
Honolulu, HI 0.9
Houston, TX 1.8
Los Angeles County, CA 9.6 N
Miami, FL 23 ¥
New York, NY 16.0 v
Ottawa, ON 0.7° v
Pittsburgh, PA 1.7 N
Seattle, WA 1.8
Vancouver, BC 2.1 v
AUSTRALIA
Adelaide 1.1 YV
Brisbane 1.5 v
Sydney 1.7 N
EUROPE
Leeds, United Kingdom 0.7
Rouen, France 0.4 v
Runcorn, United Kingdom 0.1
SOUTH AMERICA
Belo Horizonte, Brazil 22 v
Bogota, Colombia 5.0
Curitiba, Brazil 2.6
Porto Alegre, Brazil 1.3 vy
Quito, Ecuador 1.5
Sao Paulo, Brazil 8.5 vy
*Los Angeles County Only

b Excludes Hull, Quebec

three systems, Miami, New Y ork—two systems, Pittsburgh, and Seattle); 2 citiesin
Canada (Ottawaand Vancouver); 3 citiesin Austraia (Adelaide, Brisbane, and Sydney);
3 in Europe (Leeds, Runcorn, and Rouen); and 6 in South America (Belo Horizonte,
Bogota, Porto Alegre, Curitiba, Quito, and Sao Paulo).

Most of these BRT systems are found in urban areas with over 700,000 in popul ation.
Many of these urban areas a so haverail rapid transit. Twenty-one systemsarein revenue
service, and five are under construction, in development, or planned.

S.3 REASONS FOR IMPLEMENTING BRT

Transportation and community-planning officials al over the world are examining
improved public transportation sol utionsto mobility issues. Thisrenewed interest in tran-
sit reflects concerns ranging from environmental consciousness to the desire for alterna
tivesto clogged highways and urban sprawl. These concerns have led to are-examination
of existing transit technologies and the embrace of new, creative ways of providing tran-
sit service and performance. BRT can be an extremely cost-effective way of providing
high-quality, high-performance transit.

The case studies report that the main reasons for implementing BRT systems were
lower devel opment costs and greater operating flexibility as compared with rail transit.
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Other reasons are that BRT is a practical aternative to major highway reconstruction,
an integral part of the city’s structure, and a catalyst for redevelopment. A 1976 study
in Ottawa, for example, found that a bus-based system could be built for half of the cap-
ital costs of rail transit, and it would cost 20% less to operate (for study details, see
Ottawa case study). In Boston, BRT was sel ected because of its operational and service
benefits, rather than its cost advantages.

S.4 FEATURES OF BRT

The main features of BRT include dedicated running ways, attractive stations and
bus stops, distinctive easy-to-board vehicles, off-vehicle fare collection, use of ITS
technologies, and frequent all-day service (service should operate at least 16 hours
each day, with midday headways of 15 minutes or less and peak headways of 10 min-
utesor less). Table 2 summarizesthese BRT features by continent for the 29 systems
analyzed.

Over 80% of the systems in the case studies have some type of exclusive running
way—either a bus-only road or bus lane. More than 75% provide frequent all-day ser-
vices, and about 66% have“ stations” in addition to the usual bus stops. In contrast, only
about 40% of the systems have distinctive vehicles or ITS applications, and only 17%
(five systems) have or will have off-vehiclefare collection. Three existing systems have
all six basic features, including Bogoté' s TransMilenio, Curitiba’s median busways,
and Quito’s Trolebus. Severa systems under development (e.g., Boston, Cleveland,
and Eugene) will have most BRT elements.

S.4.A Running Ways

Running ways for BRT include mixed traffic lanes, curb bus lanes, and median
busways on city streets; reserved lanes on freeways; and bus-only roads, tunnels,
and bridges. Table 3 summarizes the various running ways found in the BRT case
studies.

Examination of the case study data shows that busways dominate North American
practice, whereas median arterial busways are widely used in South America.
Reversible high occupancy vehicle (HOV) lanesin freeway medians are found only in
the United States. Bustunnels, such asthe one under construction in downtown Boston
and those that exist in Brisbane and Sesttle, bring amajor feature of rail transit to BRT.
In most of the case studies, the running ways are radial, extending to or through the city
center.

TABLE 2 Number of facilities with specific features

Feature us/ Australia South Total Percent of
Canada . & Furope | America Systems Total
Running Way 13 5 6 24 83
Stations 12 4 3 19 66
Distinctive Vehicles 7 1 3 11 38
Off-Vehicle Fare 2 0 3 5 17
Collection
ITS 7 1 3 1 38
Frequent All-Day 11 ) 6 22 76
Service
Total Systems 17 6 6 29 100

Note: Refer to Appendix A to see details on each individual case study.



TABLE 3 Running way characteristics

LOCATION § BUS BUSWAY FREEWAY | ARTERIAL { BUS MIXED
TUNNEL : (SEPARATE : BUS MEDIAN LANES TRAFFIC
RIGHT-OF- i LANES BUSWAYS
WAY)
North Boston Charlotte Houston Cleveland Ottawa Honolulu
America Seattle New Britain— | Los Angeles : Eugene Pittsburgh : Los
Hartford New York Vancouver i Angeles
Miami Vancouver
Ottawa
Pittsburgh
Australia Brisbane : Adelaide®
Brisbane
Sydney
Europe Runcorn Rouen Leeds
South Belo
America Horizonte
Bogota @
Curitiba®
Porto Alegre®
Quito ‘@
Sao Paulo

3 O-Bahn technol ogy
5 Guided bus with queue bypass
9 Optically guided bus

(
(
(
@ High-platform stations

S.4.B Stations

The spacing of stations along freeways and busways ranges from 2,000 to almost
7,000 feet, enabling busesto operate at high speeds. Spacing along arterial streetsranges
upward from about 1,000 feet (e.g., Cleveland and Porto Alegre) to over 4,000 feet (e.g.,
Vancouver and Los Angeles).

Most stations are located curbside or on the outside of bus-only roads and arteria
median busways. However, the Bogota system, a section of Quito’s Trolebus, and
Curitiba s“direct” service have center idand platforms and vehicleswith | eft-side doors.

Busways widen to three or four lanes at stations to enable express buses to pass
stopped buses. South America's arterial median busways also provide passing lanes.
Stations and passing lanes can be offset to minimize the busway envelope.

Most BRT stations have low platforms because many are or will be served by low-
floor buses. However, Bogota s TransMilenio, Quito’s Trolebus, and Curitiba’ sall-stop
and direct services provide high platforms and buses that are specially equipped with a
large ramp that deploys at stationsto allow level passenger boarding and alighting. Each
of these systems aso has off-vehicle fare collection. Rouen features optically guided
Irisbus Civis vehicles that provide the minimum gap for level boarding and aighting.

Stationsin the case study cities provide awide range of features and amenities depend-
ing upon locations, climate, type of running way, patronage, and available space. Over-
head walks with fences between opposite directions of travel are provided along busways
in Brisbane, Ottawa, and Pittsburgh.

S.4.C Vehicles

Conventional standard and articulated diesel buses are widely used for BRT opera-
tions. Thereis, however, atrend toward innovations in vehicle design. These innova-
tionsinclude (1) “clean” vehicles (e.g., low-sulfur diesel fuel, diesel-electric hybrids,
compressed natural gas [CNG], and possibly fuel cells in the future); (2) dual-mode
(diesel-€electric) operations through tunnels; (3) low-floor buses; (4) more doors and
wider doors; and (5) use of distinctive, dedicated BRT vehicles.



Examples of innovative vehicle designs include the following:

« Los Angeles'slow-floor red-and-white CNG vehicles;

 Boston's planned multidoor, dual-mode, diesel-electric and CNG buses;

« Curitiba s double articul ated buses with five sets of doors and high-platform load-
ing; and

« Rouen’slIrisbus Civisbus—a*“new design” hybrid diesel-electric articul ated vehi-
clewith train-linefeatures, four doors, the ability to be optically guided, and amin-
imum 34-inch-wide aisle end to end.

S.4.D ITS

Applications of ITS technologies include automatic vehicle location systems; pas-
senger information systems; and transit preferential treatment systems at signalized
intersections, controlled tunnel or bridge approaches, toll plazas, and freeway ramps.
The Metro Rapid routesin Los Angeles can get up to 10 seconds additional greentime
when buses arrive at signalized intersections. ITS can also help provide priorities for
buses at freeway ramps, toll plazas, and bridge or tunnel approaches.

S.4.E Service Patterns

Service patterns reflect the types of running way and vehicles utilized. Many systems
provide an “overlay” of express (or limited-stop) service on top of all-stop (or local) ser-
viceand “feeder” busline services at selected stations. Servicein most systems extends
beyond the limits of busways or bus |anes—an important advantage of BRT. However,
theBogota, Curitiba, and Quito systems—because of door arrangements, platform heights,
and/or propulsion systems—operate only within the limits of the special running ways.

S.5 PERFORMANCE

The performance of the BRT systems evaluated in the case studies ranges widely
because of the configuration of each system. For the purposes of thisreport, performance
ismeasured in terms of passengerscarried, travel speeds, and land devel opment changes.

S.5.A Ridership

The number of weekday busridersreported for systemsin North Americaand Australia
ranges upward from 1,000 in Charlotte to 40,000 or more in Los Angeles, Sesttle, Ade-
laide, and Brisbane. Daily ridership in Ottawa and the South American cities is sub-
stantially higher and usually exceeds 150,000 per day.

Examples of the heavier peak-hour, peak-direction passenger flows at the maximum
load pointsare shown in Table 4. These flows equal or exceed the number of LRT tran-
sit passengers carried per hour in most U.S. and Canadian cities and approach metro
(rail rapid transit) volumes.

Reported increases in bus riders because of BRT investments reflect expanded ser-
vice, reduced travel times, improved facility identity, and population growth. Examples
of ridership gains reported in the case studies include the following:

¢ 18% to 30% of riders were new ridersin Houston;
* Los Angeles had a 26% to 33% gain in riders, one-third of which was new riders;



TABLE 4 Peak-hour, peak-direction passenger flows

Over 20,000 per hour New York: approach to Lincoln Tunnel
Bogota’s TransMilenio

Porto Alegre

Sao Paulo

8,000-20,000 per hour Belo Horizonte

Ottawa

Quito

Curitiba

Brisbane

* Vancouver had 8,000 new riders, 20% of whom previously used automobiles and
5% of whom were taking new trips;

Adelaide had a 76% gain in ridership;

Brisbane had a 42% gain in ridership;

* Leeds had a50% gain in ridership; and

Pittsburgh had a 38% gain in ridership.

S.5.B Speeds

Operating speeds reflect the type of running way, station spacing, and service pattern.
Typical speeds are shown in Table 5.

S.5.C Travel Time Savings

Reported travel time savings over pre-BRT conditions are illustrated in Table 6.
Busways on dedicated rights-of-way generally save 2 to 3 minutes per mile compared
with pre-BRT conditions, including timefor stops. Buslaneson arterial streetstypically
save 1 to 2 minutes per mile. The time savings are greatest where the bus routes previ-
ously experienced major congestion. Pittsburgh, for example, has reported travel time
savings up to 5 minutes per mile during peak hours.

S.5.D Land Development Benefits

Reported land devel opment benefitswith full-featured BRT are similar to those expe-
rienced along rail transit lines. Studies have indicated that construction of the Ottawa
Transitway hasled to up to $675 million (U.S. dollars) in new construction around tran-
Sit stations; astudy completed by the Port Authority of Allegheny County reported $302
million in new and improved development along the East Busway, 80% of which was
clustered at stations. Property values near Brisbane's South East Busway grew 20%,
which islargely attributed to the busway construction.

TABLES5 Typical operating speeds

Freeway-Busway
* Nonstop 40-50 mph
* All-Stop 25-35 mph
Arterial Streets
« Express, Bogot4, Curitiba 19 mph
¢ Metro Rapid bus, Ventura Blvd., Los 19 mph
Angeles
* Metro Rapid bus, Wilshire Blvd., Los 14 mph
Angeles
* All-stop-Median Busways, South America 11-14 mph
¢ Limited-Stop—New York City 8-14 mph




TABLE 6 Examplesof travel time savings

Busways, Freeway Lanes 32%—47%
Bus Tunnel-Seattle 33%
Bogota 32%
Porto Alegre 29%
Los Angeles Metro Rapid Bus 23%-28%

S.6 COSTS

Facility development costs reflect the location, type, and complexity of construction.
Reported median costs were $272 million per mile for bustunnels (2 systems), $7.5 mil-
lion per milefor 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 or curb buslanes (3 systems). Operating costs reflect the rider-
ship, type of running way, and operating environment. Comparisons of BRT and light-
rail operating costs suggest that BRT can cost the same or less to operate per passenger
trip than LRT.

S.7 IMPLICATIONS AND DIRECTIONS

Each urban area has unique circumstances that influence BRT markets, service pat-
terns, viability, design, and operations. Within this context, several key lessons, impli-
cations, and directions have emerged from the case studies. Many of these lessons can
also apply to rapid-transit planning and development in general.

BRT system devel opment should be an outgrowth of a planning and project devel op-
ment process that addresses demonstrated needs and problems. An open and objective
process should be considered through all phases of BRT devel opment.

Early and continuous community support from elected leaders and citizens is
essential. Public decision makersand the general community must understand the nature
of BRT and its potential benefits. BRT's customer attractiveness, operating flexibility,
capacities, and costs should be clearly and objectively identified in aternatives analyses
that 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 traffic engineers, state department of transportation (DOT) highway planners, and
urban land planners. Metropolitan planning agencies and state DOTs should be major
participants.

Incremental development of BRT will often be desirable. Incremental develop-
ment may provide an early opportunity to demonstrate BRT' s potential benefitsto rid-
ers, decision makers, and the general public while still enabling system expansion and
possible upgrading. Examples of staging flexibility are as follows:

* BRT may beinitially developed as abasic low-cost project, such aswith curbside
bus lanes. The running way could be upgraded to busways in the future.

* BRT may serve as ameans of establishing the transit market for a possible future
rail line.

BRT systemsshould be beneficial interms of usage, travel time savings, costs, devel-
opment effects, and traffic impacts. These benefits are greater when the system con-
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tains more BRT elements. Therefore, corners should not be cut in the development of
BRT systems.

Parking facilities should complement, not undercut, BRT. Adequate parking is
essential at stations a ong high-speed transitwaysin outlying areas. It may be desirableto
manage downtown parking space for employees, especialy where mgjor BRT invest-
ments are planned.

BRT and land use planningin station areas should beintegrated asearly aspos-
sible. Adelaide, Brisbane, Ottawa, Pittsburgh, and Curitiba have demonstrated that
BRT can have land use benefits similar to those resulting from rail transit. Close work-
ing relationships with major devel opers may be necessary in addressing issues of build-
ing orientation, building setbacks, and connections to stations.

BRT should serve demonstrated transit markets. Urban areas with more than a
million residents and a central area of employment of at least 75,000 are good candi-
dates for BRT. These areas generally have sufficient corridor ridership demands to
allow frequent all-day service. BRT workswell in physically constrained environments
where hills, tunnels, and water crossings result in frequent 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. Thisisespecialy truewheretherights-of-way areremoved
from magjor markets and where the stations areinaccessible. Ideally, BRT systems should
be designed to penetrate mgjor transit markets. In addition, stations should be designed
to be easily accessible by several modes such as bicycles, walking, transit, and individ-
ual automobiles.

Thekey attributes of rail transit should betransferred to BRT, whenever pos-
sible. These attributesinclude segregated or priority rights-of-way; attractive stations;
off-vehicle fare collection; quiet, easily accessible multidoor vehicles; and clear, fre-
guent, all-day service. A successful BRT project requires more than merely providing
aqueue bypass, bus lane, or dedicated busway. It requires the entire range of rapid-
transit elements and the development of a unigue system image and identity. Speed,
service reliability, and an all-day span of service are extremely important. It isimpor-
tant to provide easy accessto stationsfor pedestrians, bus passengers, automobiledrivers
and passengers, and cyclists.

BRT should be rapid. Thisis best achieved by operating on exclusive rights-of-
way wherever possible and maintaining wide spacing between stations.

Separ aterights-of-way can enhance speed, reiability, safety, and identity. These
running ways can be provided asintegral parts of new town devel opment or as an access
framework for areas that are under development. They may a so be provided in denser,
established urban areas where right-of-way is available. Bus tunnels may be justifiable
where congestion is frequent, bus and passenger volumes are high, and street space is
limited.

The placement, design, and operation of bus lanes and median busways on streets and
roads must balance the diverse needs of buses, delivery vehicles, pedestrians, and general
traffic flows. For example, curb lanes alow curbside boarding and dighting, but thelanes
are often difficult to enforce. Median busways provide greater identity and avoid curbside
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interferences, but they may pose problems with left turns and pedestrian access. More-
over, they generally require streetsthat are at least 75 feet in width from curb to curb.

Vehicle design, station design, and fare collection procedures should be well
coordinated. Adequate berthing capacity should be provided as well as passing lanes
for express buses (on busways) and amenities for passengers. Buses should be distinc-
tively designed and delineated and provide sufficient passenger capacity, multiple doors,
and low-floors for easy passenger access. There should also be ample interior circula-
tion space. Off-vehicle fare collection is desirable, at least at major boarding points.
Achieving these features calls for changesin operating philosophies and practices. ITS
and smart card technology applied at multiple bus doors may facilitate rapid on-board
payment without losing revenues.

Coordinated traffic engineering and transit service planningisessential for BRT
system design. Thiscoordinationisespecialy critical in designing running ways, locat-
ing bus stops and turn lanes, applying traffic controls, and establishing traffic signal
prioritiesfor BRT.

BRT service can extend beyond the limits of dedicated running ways, where areli-
able, relatively high-speed operation 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 markets. The maximum number of buses dur-
ing peak hour should meet ridership demands and simultaneously minimize bus-bus
congestion. Generally, frequent, all-stop, trunk-line service throughout the day should
be complemented by an “ overlay” of peak-period express services serving specific mar-
kets. During off-peak periods, overlay services could operate as feeders (or shuttles)
that are turned back at BRT stations.

S.8 PROSPECTS FOR BRT

The case studies summarized here demonstrate that BRT doeswork. It can attract new
riders and induce transit-oriented development. It can be more cost-effective and pro-
vide greater operating flexibility thanrail transit. BRT & so can be acost-effective exten-
sion of rail transit lines. Generally, BRT systems can provide sufficient capacity to meet
peak-hour travel demandsin most U.S. corridors.

One of the key lessons|earned from the case studiesisthat BRT should berapid. Reli-
ably high speeds can be best achieved when a large portion of the service operates on
separate rights-of-way. In addition, any major BRT investment should be reinforced by
transit-supportive land devel opment and parking policies.

It is expected that more cities will examine and implement BRT systems. There will
be a growing number of fully integrated systems and even more examples of selected
BRT elements being implemented. These effortswill lead to substantial improvements
in urban transit access, mobility, and quality of life.
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CHAPTER 1
INTRODUCTION

BRT has become increasingly popular in cities throughout
theworld. Reasons for this popularity include BRT’ s flexibil-
ity and ability to be built quickly, incrementally, and econom-
icaly. In the United States, its development has been spurred
by the FTA’s BRT initiative.

From Belo Horizonte to Brisbane, Bogotato Boston, Cleve-
land to Curitiba, Hartford to Honolulu, and Pittsburgh to Porto
Alegre, cities have implemented or are developing BRT sys-
tems. The systems are varied, and the reasons for their devel-
opment are diverse. Collectively, they provide a wealth of
information on BRT planning/implementation, design, and
operations.

1.A PURPOSE AND SCOPE

Thisvolume of TCRP Report 90: Bus Rapid Transit draws
on the broad range of experience that has become available
and that may help communitiesin planning new BRT systems
or in upgrading existing systems. It isthefirst of two volumes
published as TCRP Report 90: Bus Rapid Transit and one of
three documents covering TCRP Project A-23, “Implementa-
tion Guidelines for Bus Rapid Transit Systems.”

The first document, “BRT—Why More Communities Are
Choosing Bus Rapid Transit,” is an informational brochure
that was published in 2001. The third document is the second
volume of TCRP Report 90: Bus Rapid Transit, which covers
implementation guidelines for BRT.

In addition, the project team compiled avideo library, which
isaccessibleon-lineat http:\\brt.ce.Washington.edu\Filehouse\
GetUser.asp. (The access codeis D = TCRP with Password =
A-23.) It contains numerous videos, video clips, and till pho-
tos of BRT systems and features. These materials illustrate
BRT systems; how BRT can be planned and implemented; and
how well BRT worksin terms of usage, speed, benefits, and
costs. These materials, which are being continually updated,
provide important resource information on BRT.

The overall research objectives of TCRP Project A-23
were (1) to identify the potential range of BRT applications
and (2) to develop descriptive information and technical
guidance tailored to meet the needs of various stakeholders
interested in BRT as a means of improving mobility.

1.B CASE STUDY CITIES

The case studies analyze BRT systems and services in
26 cities located in North America, Australia, Europe, and
South America. They cover ageographically diverse group
of communitiesand abroad range of applications. They pro-
vide important information and insights that may be appli-
cable elsewhere.

The case study cities are shown in the list below. These
cities were selected in terms of the services provided, infor-
meation available, geographic diversity, lessons learned, and
relevance for North American cities. They include 14 citiesin
the United States and Canada, 3 in Australia, 3 in Europe, and
6 in South America. Most systems are generaly in revenue
service, although afew are under construction or in advanced
planning. Comprehensive case studieswere donefor 12 cities,
and shorter briefswere prepared for theremainder of thecities.

List of Case Studies

North America Australia
e Boston, MA e Adelaide
* Charlotte, NC* ¢ Brisbane*
* Cleveland, OH e Sydney*
* Eugene, OR Europe
e

|(_I|_aneTranS|t Distric) ¢ Leeds, United Kingdom*
e Hartford, CT
* Honolulu, HI* * Rouen, France* &
« Houston, TX* * Runcorn, United Kingdom
* LosAngeles, CA South America
e Miami, FL ¢ Belo Horizonte, Brazil*
* New York, NY * Bogota, Colombia*
¢ Ottawa, ON e Curitiba, Brazil
* Pittsburgh, PA * Porto Alegre, Brazil*
* Seattle, WA* ¢ Quito, Ecuador

Vancouver, BC Sao Paulo, Brazil*

*denotes brief

For each city, information was assembled and analyzed on
design features, operating practices, ingtitutional arrangements,
costs, benefits, and relevance. Twelve case studieswere devel-
oped in depth, whereas another 14 were developed as shorter
“briefs’ that reported salient findings. I nformation was assem-
bled on the following topics:

* Context—population, area, central business district
(CBD) employment, physical features, and transit use;



* Planning and implementation background—how
and why the system was implemented, including rea-
sons for implementation (or nonimplementation), and
community attitudes;

* System description—physical elements (turning way,
stations, vehicles, and ITS), operations (service patterns,
fare collection practices), and performance (speeds, rid-
ership, benefits, and costs); and

* General assessment—the system’ s strengths and weak-
nesses, factors contributing to its success, lessons|earned,
and applications elsewhere.

Each case study isgenerally organized into these four major
categories.

1.C ORGANIZATION OF THE
CASE STUDY REPORT

The case study report was organized to present a general
synthesis of the case studies, as well as more detailed infor-
mation on each individual BRT system. The chapters of the
report are organized as follows:

11

» Chapter 1 providesagenera introductionto TCRP Proj-
ect A-23 and to the case study report.

* Chapter 2 provides a synthesis of findings including a
basic definition of BRT and the concepts behind it and
a comparison of the systems in terms of features, per-
formance, costs, and benefits.

* Chapter 3 setsforth the variouslessons|earned and their
implications.

* Appendix A includes summary tables that compare all
the BRT systems examined in the case studies.

* Appendix B (available on CRP-CD-31, which accompa
nies this volume) includes the individual case studies.
The systems are grouped by continent (North America,
Europe, South America, and Australia) and are then
arranged al phabetically within each group.

These case study materials will be useful to communities
that are considering BRT as a potential solution to mobility
issues, communitiesthat are planning to develop BRT systems,
and communitiesthat are examining strategies for upgrading
their existing bus services.
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CHAPTER 2
SYNTHESIS OF FINDINGS

This chapter synthesizes the experience of 26 case studies of
BRT located in the United States, Canada, Australia, Europe,
and South America. It starts by defining the concepts and
attributes of BRT and traces BRT’ s evolution over the years.
It then identifies where BRT systems operate and how they
were successfully implemented. The case studies are then
compared in terms of physical features (running ways, sta
tions, vehicles, and I TSs); performance (ridership and speeds);
and benefits achieved.

2.A BRT—CONCEPTS AND EVOLUTION

Thereisabroad range of perspectivesasto what constitutes
BRT. At one end of the spectrum, BRT has been defined asa
corridor in which buses operate on a dedicated right-of-way
such as abusway or a bus lane reserved for buses on amajor
arteria road or freeway. Although this definition describes
many existing BRT systems, it does not capture the other fea-
tures that have made rail rapid-transit modes so attractive
around the world.

BRT has aso been defined as a bus-based, rapid-transit
service with acompletely dedicated right-of-way and on-line
stops or stations, much like LRT. Thisis consistent with the
FTA definition of BRT as “a rapid mode of transportation
that can combine the quality of rail transit and the flexibility
of buses’ (1).

For the purpose of thisproject, BRT has been defined more
comprehensively as a flexible, rubber-tired form of rapid
transit that combines stations, vehicles, services, running
ways, and ITS elementsinto afully integrated system with a
strong image and identity. BRT applications are designed to
be appropriate to the market they serve and their physical sur-
roundings, and they can be incrementally implemented in a
variety of environments (from rights-of-way totally dedi-
cated to transit to streets and highwayswheretransit is mixed
with traffic).

Inbrief, BRT isafully integrated system of facilities, ser-
vices, and amenities that are designed to improve the speed,
reliability, and identity of bus transit. In many respects, itis
rubber-tired LRT, but with greater operating flexibility and
potentially lower capital and operating costs. Often, arela-
tively small investment in dedicated guideways can provide

regional rapid transit. This definition has the following
implications:

* Where BRT vehicles(buses) operatetotally on exclusive
or protected rights-of -way (surface, elevated, and/or tun-
nel) with on-line stops, the level of service provided is
similar to that of heavy rail rapid transit (metros).

* Where buses operatein combinations of exclusiverights-
of-way, median reservations, bus lanes, and street run-
ning with on-line stops, the level of service provided is
similar to that of LRT.

* Where BRT operatesalmost entirely on exclusive busor
HQOV lanes on highways (freeways and expressways)
to and from transit centers with significant parking and
where it offers frequent peak service focused on atradi-
tional CBD, it providesalevel of service very similar to
that of commuter rail.

* Where buses operate mainly on city streets with little or
no special signal priority or dedicated lanes, the level of
service provided issimilar to that of an upgraded limited-
stop bus or tram system.

Figure 1 describes the seven major components of BRT—
running ways, stations, vehicles, service, route structure, fare
collection, and ITS. Collectively, these components form
a complete rapid-transit system that can improve customer
convenience and system performance (2).

2.A.1 Why BRT?

Transportation and community-planning officials al over
the world are examining improved public transportation solu-
tionsto mobility issues. Thisrenewed interest in transit reflects
concerns ranging from environmental consciousness to the
desire for alternativesto clogged highways and urban sprawl.
These concerns have led to are-examination of existing tran-
sit technologies and the embrace of new, creative ways of
providing transit service and performance. BRT can be an
extremely cost-effective way of providing high-qudity, high-
performance transit.

Advancements in technology such as clean air vehicles,
low-floor vehicles, and electronic and mechanical guidance



fRunning Ways

\.

BRT vehicles operate primarily in fast and easily
identifiable exclusive transitways or dedicated bus
lanes. Vehicles may also operate in general traffic.

Stations

.

BRT stations, ranging from enhanced shelters to large
transit centers, are attractive and easily accessible.
They are also conveniently located and integrated
into the community they serve.

Vehicles

.

BRT uses rubber-tired vehicles that are easy to board
and comfortable to ride. Quiet, high-capacity vehicles
carry many people and use clean fuels to protect the
environment.

Services

(N

BRT's high-frequency, all-day service means less
waiting and no need to consult schedules. The
integration of local and express service can reduce
long-distance travel times.

Route
Structure

pN

BRT uses simple, often color-coded routes. They can
be laid out to provide direct, no-transfer rides to
multiple destinations.

& Fare Collection

Simple BRT fare collection systems make it fast and
easy to pay, often before you even get on the bus.
They allow multiple door boarding, reducing time
in stations.

.
Intelligent BRT uses advanced digital technologies that
Transportation improve customer convenience, speed, reliability,
Systems and operations safety.

p

Figurel. Components of busrapid transit.
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systemshave made BRT amoreattractivetransit alternativeto
both transit users and transportation-planning officials. Severa
reasons were cited repeatedly in the case studies for consider-
ing BRT as a potentia high-performance transit investment.
These reasons are the following:

* Continued growth of urban areas, including many CBDs
and suburban activity centers, has created aneed for im-
proved transport capacity and access. Given the costs
and community impacts associated with major road con-
struction, improved and expanded public transit emerges
asan important way to provide the needed transportation
capacity. However, existing conventional bus systemsare
often unattractive, difficult to use, dow, unreliable, and
infrequent in service. In addition, their vehicles are often
not well matched to their markets, and they have little if
any passenger information and amenities at stops. Rail
transit can be difficult, time-consuming, and expensive
toimplement; costly to operate; and poorly suited to many
suburban travel markets.

* BRT can often beimplemented quickly and incrementally
without precluding future rail investment if and when it
is warranted.

* 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
BRT vehicles operate on existing bus-only or HOV
lanes or in mixed traffic.

* BRT can be cogt-effective in serving a broad variety of
urban and suburban environments. BRT vehicles, whether
driver-steered or guided mechanicaly or electronicaly,
can operate on streets, freeway medians, railroad rights-
of-way, arteria structures, and underground. BRT can
easily and inexpensively provide abroad array of express,
limited-stop, and local al-stop services on asingle facil-
ity, unlike most rail systems.

* BRT can provide quality performance with sufficient
transport capacity for corridor applications in most U.S.
and Canadian cities. The Ottawa Transitway system’s
CBD link, for example, carries more peoplein the peak-
hour peak direction than most LRT segments in North
America. Many BRT linesin South American citiescarry
peak-hour passenger flows that equal or exceed those on
many U.S. and Canadian fully grade-separated rail rapid-
trangit lines.

* Attheridership levelstypicaly found in most urban cor-
ridors, BRT can haverelatively low operationsand main-
tenance costs. Thisisprimarily becausetherelatively low
fixed maintenance costs can offset variable driver costs.

* BRT iswell suited to cost-effectively extend the reach of
existing rail transit lines by providing feeder servicesto
areaswheredensitiesare currently too low to support rail
transit. It can also serve as the first stage for an eventual
rail transit line.

* Like other forms of rapid transit, BRT can be integrated
into urban and suburban environmentsin ways that fos-
ter economic development and transit- and pedestrian-
friendly design. Examples of regionsthat haveintegrated
BRT successfully include Adelaide, Boston, Ottawa, and
Brishane.
* Advancements in the practical application of several
technologies a'so make BRT feasible. These include
—Clean” vehicles (CNG, diesel-electric hybrid, and
dua power buses);

—L ow-floor vehicles that allow quick, level boarding;
and

—Mechanical, optical, and el ectronic guidance systems.

2.A.2 Evolution of BRT

The idea of using rubber-tired vehicles (buses) to provide
rapid transit is not new. Plans and studies have been prepared
since the 1930s, with a growing emphasis on rubber-tired
vehiclesin the last few years.

Major Proposals

BRT proposalswere developed for Chicagoin 1937, Wash-
ington D.C. in 19561959, St. Louisin 1959, and Milwaukee
in 1970. These plans are discussed briefly below.

1937 Chicago Plan. BRT wasfirst suggested in Chicago
(3). A 1937 plan caled for converting three westside rail
rapid-transit linesto express bus operation on super highways
with on-street distribution in central areas and downtown.

19561959 Washington D.C. Plan. Design studies for
BRT within freeway medians were developed as part of the
1956-1959 “Mass Transportation Survey for the National
Capital Region” (4). It was recommended that “in planning
of future radial freeways a cross section . . . be provided to
afford maximum flexibility and reserve capacity for vehicles
aswell asfor the mass movement of people.” Thisplan called
for athree- or four-lane roadway for traffic in each direction.
These roadwayswould be separated by a64-foot mall with 51
feet from center to center of the columns supporting cross-
street bridges. In thefirst stage, thiswide mall would be land-
scaped and held available for future developments; public
transportation would consist of express buses operating in the
generd traffic lanes.

Buseswould make stops at appropriateintervalson the par-
allel service roads without special station facilities or at sim-
ple stations within the end span of the cross-street bridges.
Express bus service eventually would be converted to BRT
and rail within the median.

1959 St. Louis Plan. The 1959 transportation plan in-
cluded an 86-mile BRT system, of which 42 mileswereto
be special grade-separated bus roadways (5). The focus of



this proposal was an elevated loop road circling downtown
St. Louis, measuring six blocks north and south and five blocks
east and west. The loop contained a 60-foot-wide operating
deck that included a sidewalk or passenger-loading platform
located on the inner side of the deck to mesh with one-way
clockwise operation of buses. It provided a three-lane bus
roadway approximately 37 feet wide. The BRT system cost
totaled $175 million (exclusive of freeways).

1970 Milwaukee Plan. Milwaukee's proposed 1970 tran-
sitway plan included 107 miles of express bus routes over the
freeway system and an 8-mile, east-west transitway (6). The
plan called for 39 stations (excluding downtown) and 33,000
parking spaces.

In 1990, during the p.m. peak hour, 600 buses would enter
the Milwaukee CBD as compared with 135in 1973. Costsfor
the BRT system were estimated at $151 million (1970), $40
million of which was for the transitway. The plan was inte-
grated with existing and proposed freeways.

Research and Planning Sudies

Several research studies described where BRT would work
and how it might be configured. A 1966 study done for the
American Automobile Manufacturers Association, Trans-
portation and Parking for Tomorrow’'s Cities (7), set forth
broad transportation-planning guidelines. It indicated that
“busrapid transit is especially suitable in cities where down-
town must attract its visitors from a wide, diffused area.” It
stated that

BRT could involve lower capital costs, provide greater cov-
erage, better serve low and medium-density areas, and more
readily adapt to changing land-use and population patterns
than rail-based systems.

BRT also has applicability in larger cities of much higher
density because of its operationa flexibility, and with proper
downtown terminal design, busrapid transit systemscould pro-
vide adequate capacitiesto meet corridor demandsin nearly all
of the Nation’s cities which do not haverail systems.

To achieve high average speeds on downtown approaches,
buses could operate within reserved lanes or exclusive free-
way rights-of-way on key radial routes and could travel out-
ward to the intermediate freeway loop, with provision for
subsequent expansion.

Downtown, buses would operate preferably on private
rights-of-way and penetrate the heart of the core area (either
above or below ground) or, aternatively, they could enter
terminals. Successful BRT, however, would require

careful coordination between highway and transit officialsin
all stages of major facility planning. Inthisregard, resolution
of several major policy questions will go far toward early
implementation of bus rapid transit systems. These are: (1)
the extent to which exclusive bus facilities will qualify for
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federal aid under existing programs; (2) the need for separate
designs on approaches to the inner freeway |oops and down-
town; (3) the minimization or elimination of costly ventila-
tion systemsto facilitate underground operation; (4) thedevel -
opment of financing policies for downtown bus tunnels; and
(5) the development of bus trains or special bus designs to
minimize downtown station requirements and expedite down-
town loading. (7)

The 1996 study indicated that a small amount of special
right-of-way in conjunction with the urban freeway system
(where necessary to ensure good peak-hour speeds) could gen-
eraly provide effective regional rapid transit. It was conserv-
atively estimated that peak-hour downtown cordon volumes of
up to 125,000 persons could be accommodated by freeways,
BRT, locd transit, and arterials under existing capabilities of
automobiles and buses. This is ample capacity for the vast
majority of U.S. city centers:

Moreover, asbustechnology improvesand electronic bustrain
operation becomes a reality, substantially greater capacities
would be achieved. Thus, ultimately, differences between rail
and bus transit could become minimal. (7)

A 1970 study, The Potential for Bus Rapid Transit (8),
indicated that freeway systems were potentialy usable by
express buses and, with modification, as exclusive bus lanes
or busways. Thekey factorsin evaluating BRT potential were
(1) capita costs, (2) operating costs, (3) route configuration,
and (4) distribution in the city center and other major activity
centers.

In 1973, NCHRP Report 143: Bus Use of Highways: Sate
of the Art (9) provided a comprehensive review of the state of
the art, and, in 1975, NCHRP Report 155: Bus Use of High-
ways: Planning and Design Guidelines (10) set forth planning
and design guidelines. Using the goal of minimizingtotal per-
son delay as a guide, the reports suggested ranges in peak-
hour bus volumes for bus priority facilities.

A 1972 study, “Bus Rapid Transit Progress in the USA”
(12), examined and summarized reasons for the implementa-
tion of BRT projectsin the 1950s and 1960s.

A 1975 study, Bus Rapid Transit Options for Densely
Developed Areas (12), described and evaluated the cost, ser-
vice, and environmental implications of buslanes, bus streets,
and bus subways. The report showed how various bus prior-
ity facilitieswould be coordinated in the central areaand sug-
gested amultidoor articulated bus for BRT operations.

Most of these planning studiesfocused on thefacility aspects
of BRT, often as an adjunct to urban freeways. Little or no
attention was given to the station, service, and image/identity
aspects of BRT.

Countervailing Trends

In the middle to late 1970s, the transit planning emphasis
shifted away from bus use of streets and highways, BRT,
and fully grade-separated metros toward the provision of
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HOV lanesand LRT. HOV laneswere perceived as awidely
applicable, environmentally positive way of expanding road
capacity while reducing single-occupant-vehicle use.

The development of LRT lines gained popularity because
of their perceived performance, passenger attractiveness, and
image benefits. These aspects were considered to be unattain-
able by bustransit, but attainablein LRT at costs much lower
than those of fully grade-separated metros, such as those in
San Francisco; Washington, D.C.; Miami; and Baltimore.
LRT tendsto be considered more fully in alternative analy-
ses, partially because there is little information available on
the potentia benefits and costs of BRT.

Recent U.S. Initiatives

FTA has undertaken a BRT initiative in an attempt to en-
courage local agencies to consider potentially cost-effective
BRT alternatives in major investment and alternatives analy-
ses studies. Using Curitiba's BRT system as a model, FTA
sponsored a BRT conference in 1998, published major docu-
ments highlighting BRT (13, 14), established a BRT Consor-
tium with 17 supporting cities in 1999, and launched a BRT
“Demonstration Program” involving 15 cities.

2.B OVERVIEW OF FINDINGS

BRT systems are found today in major cities throughout
theworld. These systemsvary widely in extent, type of treat-
ment, design and operating features, usage, and benefits. Key
aspects of the 26 case studies are described in the sections
that follow.

2.B.1 Case Study Locations

The locations, urban populations, and key features of the
26 case study citiessurveyed areshownin Table A-1in Appen-
dix A. Most BRT systems are located in large cities, many of
which aso haverail rapid transit. Nineteen of the systems are
found in urban areas of over 700,000, and 16 aso have rail
transit lines. Nine of the 14 systemsin the United States and
Canada have a CBD employment that exceeds 85,000.

Twenty-one BRT systems are in revenue service, three are
under construction (Boston, Cleveland, and Sydney), and two
are under development (Hartford and Eugene).

2.B.2 Reasons for Implementation

The main reasons cited in the case studies for implement-
ing BRT systems were BRT' s lower development costs and
greater operating flexibility ascompared withrail transit. Other
reasons were that BRT can be a practical alternative to major
highway construction, an integral part of the city’s structure,
and acatalyst for urban devel opment. Examples of the specific
reasons cited for BRT implementation are described below.

United Sates and Canada

Boston. There has been a need to provide better transit
access and more capacity to the growing South Piersredevel -
opment area and to Logan International Airport. Implement-
ing aBRT system was perceived as providing operationa and
service benefits rather than merely cost advantages. A lim-
ited amount of bus subway construction will provide a one-
seat ride to major activity centers such as Logan Airport.

Cleveland. Rail transit on the Euclid Avenue corridor has
been proposed for morethan ahaf century, but numerousplans
werenever realized because of the cost involved and the declin-
ing commercial activity in the corridor. Implementing a BRT
system was perceived to be more cost-effective and affordable
and was seen as atool for encouraging redevelopment.

Eugene. The proposed BRT system is seen as an environ-
mentally responsiveway of alleviating traffic congestion with-
out making costly highway improvements.

Hartford. The busway was found to be a more cost-
effective dternativeto major freeway reconstruction and more
compatible with community-planning goals.

Houston. BRT wasableto use Houston'sHOV system for
running ways. The system, which includes HOV, park-and-
ride, and commuter express buses, makes effectiveuse of radial
freeway corridorsin reducing peak-hour traffic congestion.

LosAngdes. Longdelaysand cost overrunsledto acounty
referendum prohibiting future subway construction. BRT was
seen as acogt-effective dternative to improving bus servicein
major travel corridors. It was also considered to be a strategy
for offsetting a 12% decline in bus speeds in recent years.

Miami. The state of Florida examined cost-effective,
affordable public transport uses of an abandoned railroad
right-of-way. This led to the decision to build an at-grade
busway.

New York City. Morning peak-hour contra-flow bus
lanes were viewed as a cost-effective means of increasing the
speed of bustravel across the Hudson and East Rivers.

Ottawa. Theregion’stransportation policy gave public
transportation projects priority over al forms of road construc-
tion or widening. Busway technology was selected because it
was cheaper to build and operate. A 1976 study found that a
bus-based system could be built for half the capital costs of
rail transit and would cost 20% |lessto operate. It also offered
ahigher level of service: greater staging flexibility met the
capacity requirement of 15,000 passengers per hour in the
peak direction and had similar environmental impactstotherail
option (15).



Pittsburgh. Busways were politically viable and were
easier toimplement and more affordabl e than major highway
construction or rail transit. Busways would benefit riders
who traveled beyond the limits of the guideways. The Port
Authority of Allegheny County was also able to make use of
an extensive network of railroad rights-of-way to implement
dedicated busways.

Seattle. Intheearly 1980s, afederal policy of “no new rail
starts’ required Seattle Metro to explore bus aternatives. A
tunnel was sel ected for itsability to remove busesfrom down-
town streets.

Australia

Adelaide. The Guided Bus system was found to have sig-
nificantly lower initial coststhanaCBD light-rail subway, and
it reduced the need for transferring in alow-density corridor.
The O-Bahn technology was selected to reduce the cross sec-
tion of acompletely elevated guideway over ariverbed.

Sydney. BRT isbeing built to provide better transit service
to low-density areas with minimum transfer and walk times.

Brishane. The South East Busway wasdesigned to increase
transit level of servicein alow-density corridor, to promote
transit-oriented development, and to make use of existing
HOQOV lanes on the Southeast Motorway.

Europe

Leeds. The Guided Bustechnology providesself-enforcing
gueue bypasses for buses at congested locations.

Runcorn. The Figure 8 Busway is an integral part of the
New Town devel opment.

South America

In South America, there has been an urgent need toimprove
travel conditionsin congested cities with populations that are
growing exponentially. There generally have been neither time
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nor resources to build rail transit. Busways in the center of
widearterial streetsemerged asameans of increasing bus per-
formance and capacity.

Bogota. The TransMilenio four-lane median busway was
built after a3-year period to provide affordable BRT services.
It uses physically separated dual median bus lanes to service
multiple stations.

Curitiba. Themedian busway systemwasfound to bemore
flexible and affordable than rail and was an integral part of the
“structural axis’ along which development was encouraged.

Quito. Improved public transport became a political
imperative; the need for a“clean” (electrictrolley bus) system
was essential in view of the city’s cultural heritage.

Theindividual case studiesincluded in Appendix B (avail-
able on CRP-CD-31, which accompanies this volume) pro-
vide additional detail regarding the reasons for implementa
tion within each community.

2.B.3 Features of BRT Systems

The main features of the BRT include dedicated running
ways; attractive stations; distinctive, easy-to-board vehicles,
off-vehicle fare callection; use of ITS technologies; and fre-
guent all-day service.

Table A-2 in Appendix A shows the BRT features listed
above for each of the 26 cities analyzed. The table providesa
brief overview of the status of BRT around the world. There
isawiderange of BRT servicesand facilities. These different
services and facilities reflect specific community needs and
resources. The principal features, listed by system and geo-
graphic area, are summarized in Table 7.

Over 80% of the systems profiled have some type of exclu-
sive running ways—either abus-only road or buslane. More
than 75% provide frequent all-day service, and about 67%
have “stations’ rather than stops. In contrast, only about 40%
have distinctive vehicles (in delineation, type, and livery), and
roughly 38% feature some type of ITS application. Only five
systems (17%) have off-board fare collection.

Three existing systemshave all six basic features: Bogotd' s
TransMilenio, Curitiba ssystem, and Quito’ s Trolebus. Rouen
hasfivefeatures, and severa other systemshavefour. Systems

TABLE 7 Number of facilities with specific features

us/ Australia /

South

Feature Canada Europe America Total % of Total
Dedicated Running Ways 13 5 6 24 83
Stations 12 4 3 19 66
Distinctive Vehicles 7 1 3 11 38
Off-Vehicle Fare Collection 2 0 3 5 17
ITS 7 1 3 11 38
Frequent All-Day Service 11 S 6 22 76
Total Systems Surveyed 17 6 6 29 100
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under development in Boston, Cleveland, and Eugenewill also
have the six BRT elements.

Withinthe United Statesand Canada, 13 of 17 systemshave
dedicated running ways (bus lanes or busways), 12 have sta-
tions, 11 haveall-day service, 7 feature I TS elements, and only
1 system (Boston’s Silver Line) currently has off-board fare
collection. Ancther oneis till being planned.

Running Ways

BRT running ways include operations in mixed traffic,
median arterial busways, contra-flow freeway bus lanes,
normal-flow freeway HOV lanes, busways on separaterights-
of-way, and bus tunnels. Descriptions, characteristics, and
costs of running ways are given in Table A-3in Appendix A
for each of the 36 individual facilities in the 26 cities sur-
veyed. These running way features are summarized by geo-
graphic regionin Table 8.

There is considerable variation among BRT facilities from
region to region. Independent busways dominate North Amer-
ican and Australian practice, whereas arterial median busways
are used throughout South America. Arterial street bus opera-
tions are found in two of the three European case studies.
Reserved freeway lanesfor buses and carpools are found only
in the United States.

Bus tunnels exist in Brisbane and Seattle, and one is being
developed in downtown Boston. This represents an important
advance in BRT facility development, bringing akey running
way feature of rail transit to bus operations. It also overcomes
the problems associated with street running in congested down-
town areas.

Bus-only roads (busways) exist in Miami, Ottawa, Pitts-
burgh, Runcorn, and Brisbane. Busways are under develop-
ment in Hartford and Sydney. Figure 2 showsthe West Busway
in Pittsburgh.

TABLE 8 Typesof facility by region

Curb buslanestraditionally have been the main type of bus
priority treatment in North Americaand Europe, although they
were not reported in the case studies. Despite their advantages
in bringing buses curbside and their minimum impact on street
traffic flow, curb bus lanes are often avoided because of their
uncertain availability and conflicts with deliveries. Thisis
certainly the case in South America, where arterial median
busways predominate.

Severa systems in the United States and Canada (Hon-
olulu, Los Angeles, and Vancouver) operatelargely in mixed
traffic. In the case of Los Angeles, thisis an interim opera-
tion, and bus-only laneswill be selectively incorporated inthe
future.

Running ways are generaly radial, extending to or through
the city center. However, Vancouver’'s Broadway-L ougheed
Line provides cross-town service and is anchored by the Uni-
versity of British Columbiain the west. Sydney’s northwest
suburbs busway will be a circumferential facility.

Bus lanes are typicaly 11 to 12 feet wide. Shoulders are
provided along busways where space exists. At busway sta
tions, roadways are typically widened to about 50 feet to allow
for express bus or skip-stop passing. Busway envelopes are
about 30to 50 feet between stations. At stations, thetotal enve-
lope (four travel lanes, plus station-side platforms) can be as
wide as 75 feet. Examples of this are the following:

* TheNew Britain—Hartford Busway will providea50-foot
envelope at “ staggered,” or offset, side platform stations.

* The South Miami—Dade Busway providesa52-foot road-
way at stations plus station platforms.

* The Ottawa Transitway provides two 13-foot lanes and
8-foot shoulders. Thereisa75-foot envelopeat stations.

* Curitiba's arterial median busway has a 23-foot road-
way. The overall envelope, including stations and ser-
vice roads, is 72 to 85 feet wide.

us/ Australia | Europe South Total
Canada America
Arterial Street
Mixed Traffic 5 - - - 5
Queue Bypass 0 - 1 1
Curb Bus Lanes 0 1@ 1
Median Busway 2® 8 10
Freeways/Separate Rights-of-Way
Contra-flow Lanes 3
HOV Lanes 3
Busways 7 3 1 11
Bus Tunnels 2 2
TOTAL 22 3 3 8 36

" Includes O-Bahn and bus tunnel as part of one busway

@ Optically Guided Bus

@ Once system includes an electronically guided vehicle



Figure2. West Busway, Pittsburgh.

Figure 3 shows the typical median busway design used in
South American cities.

Sations

BRT station characteristics and features are given in
Table A-4 and Table A-5, which arelocated in Appendix A.
Table A-4 shows the spacing, length, bypass capabilities, plat-
form heights, and fare collection practices. Table A-5 describes
the reported design features and amenities.

Spacing. Station spacing along freeways and busways
ranges upward from about 2,200 feet along Boston’s Silver
Lineto severa milesaong the Adelaide O-Bahn and the San
Bernardino Freeway. The South Miami—Dade Busway has a
spacing of almost 2,900 feet; the Pittsburgh busways average
4,200 feet; the Brisbane busway averages 5,540 feet; the
Ottawa Transitway system averages 6,900 feet; and the San
Bernardino Busway exceeds 21,000 feet.

BRT station spacing along arteria streets ranges upward
fromabout 1,000 feet in Porto Alegre, 1,200 feet in Cleveland,
and 1,400 feet in Curitibato over 4,000 feet along Vancouver’s
“B” Linesand Los Angeles Metro Rapid bus service.
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This spacing, ranging from approximately 125 feet in urban
areas to 5,280 feet in suburban areas, is similar to LRT and
metro practice.

Locations. Stations are placed curbside when buses oper-
atein mixed traffic, asin Los Angelesand Vancouver. Stations
aretypically located on the outside of the roadway along arte-
rial mediansand busways. However, the Bogotasystem, asec-
tion of the Quito Trolebus, and Curitiba s“ direct” servicehave
center idland platforms with commensurate use of left-side
doors.

Passing Capabilities. Busways widen from two to four
lanes to enable express buses to pass around vehicles making
stops. In staggered stop situations, buswaystypically widen to
three lanes. The median arterial busways in South American
cities also provide passing lanes for buses; usualy, station
platformsare offset to minimize the busway envel ope, thereby
resulting in lane changes (shifts) by buses. Bogota's median
busway has continuous express (passing) lanes. Cleveland will
operate express buses on paralld streets, thereby obviating the
need for passing lanes at median busway stations.

The Brisbhane and Ottawa busways have barriers between
opposing directions of travel at stations to prevent at-grade
pedestrian crossings, as shown in Figure 4. Pittsburgh has
barriers as well as raised curbs with designated crosswalks.
Miami merely designates desired crossing locations, as will
the planned New Britain—Hartford Busway.

Platform Length. Station platform length variesdepending
on bus volumes and the lengths of the vehicles operated. Sta-
tionstypically accommodate two to three buses, although busy
stations may accommodate four to five vehicles. Boston's Sil-
ver Line, for example, will have 220-foot-long platformsthat
can simultaneously handle three 60-foot articulated buses.
Because of the enormous volumes it carries, Bogotd's Trans-
Milenio busway has bus stations ranging up to 500 feet long.

Platform Height. Most new BRT stations have low plat-
forms because many will be served by low-floor buses.
However, three systems in South America—Bogotd s Trans
Milenio, Quito’ s Trolebus, and Curitiba’ sall-stop and “direct”
services—provide high platforms to allow level boarding and
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Figure 3. Typical median busway design, South America.
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Figure4. Barrier between opposing directions of travel at
Ottawa Transitway station.

alighting of passengers from high-floor vehicles, as shown in
Figures5and 6. Guided vehicles such asthelrisbus Civisvehi-
cle used in Rouen or buses with drop-down bridges, such as
those used in Bogota, Quito, and Curitiba, are required for
floor-to-platform boarding and alighting.

Fare Collection. Bogotd, Curitiba, and Quito have off-
vehiclefare collection in conjunction with their high-platform
gtations, similar to metrorail systems. The stations function
essentialy like those for rail rapid-transit lines. Prepayment,
along with multidoor use of buses, reduces dwell times; thisis
apparent in the reduction of 20 seconds per stop in Curitiba. In
Rouen, the barrier-free honor fare system, similar to that used
inthecity’ sSLRT system, facilitates multiple-door boarding. In
other cities with high BRT passenger volumes (e.g., Ottawa
and Pittsburgh), the use of fare passes allows at least two-
stream boarding through front and back doors.

Design Features. Stations in the case study systems pro-
vide a broad spectrum of features and amenities depending on

Figure 6. Bi-articulated bus median, Curitiba.

location, climate, type of facility, and available space. Someare
simple, attractive canopies, as can be seen along the South
Miami—Dade Busway or Los Angeles's Metro Rapid lines,
shown in Figure 7. Others, such as those along Brisbane's
South East Busway, provide distinct and architecturally distin-
guished designs, as well as afull range of pedestrian facilities
and conveniences, as shown in Figure 8. The “high-platform”
stationsin Bogotd, Curitiba, and Quito contain extensive space
for fare payment. Curitiba stube stationshave become aninter-
nationally recognized symbol. The Los Angeles Metro Rapid
bus stations feature real-time bus arriva information.

Overhead pedestrian walks connect opposite sides of sta-
tionsin Brishane and Ottawa, aswell as busy stationsin Pitts-
burgh. In some situations, accessto both platformsis provided
from roadway crossings over the busway.

Vehicles

BRT vehiclesrangefrom conventional busesto distinctive,
dedicated BRT vehicles. Key characteristics of BRT vehicles
for selected systems are shown in Table A-6 in Appendix A.

Figure5. Trolebus station, Quito.

Figure7. Los Angeles Metro Rapid bus station.



Figure8. South East Busway station, Brisbane.

Body Style. Vehicle body styles include the standard
(40-foot) bus, articulated (60-foot) buses, and, in Curitiba, bi-
articulated buses. Some double-deck buses operate in L eeds,
and Houston's BRT service uses over-the-road intercity
coaches. It isimportant to note that almost every city cited
in the United States and Canada, except Los Angeles and
Vancouver, operates or will operate articulated vehicles.
Figure 9 shows the dual-mode articulated bus that will be
used in Boston’ s South Pier Transitway. Rouen, Boston, and
Cleveland operate or plan to operate special BRT vehicles
rather than conventional buses.

Propulsion. Standard diesel buses predominate; however,
atrend in North Americaisto use “clean” vehicles such as
CNG or hybrid diesel-electric vehicles (asin Los Angelesand
Cleveland). Seattle and Boston operate or will operate dual-
mode electric trolley and diesel or CNG buses. The Irisbus
Civisvehicle used in Rouen, France, isa“new design” diesel
or CNG €lectric vehicle with train-like features and the abil-
ity to be guided. Thisvehicleis shown in Figure 10.

Figure9. Dual-mode articulated bus.
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Figure 10. Irisbus Civis vehicle used in Rouen.

Floor Height. Anincreasing number of systems operate
low-floor vehicles to make passenger boarding and alight-
ing easier. Busesin Bogot4, Curitiba, and Quito have high-
platform boarding and alighting. Although these vehicles
reduce passenger service times, their operation is limited to
the BRT lineswith high-platform stations. This dramatically
reduces their operating flexibility.

Door Arrangements. The need for better door arrange-
ments on buses used in BRT service is increasingly recog-
nized. Existing door arrangements have been a major con-
straint to shortening dwell times on many North American bus
systems. Many articulated buses have three double-stream
doorsand onesingle-stream door. The bi-articul ated buses used
in Curitibahavefivesetsof doors. Therail-likearticulated Iris-
bus Civis vehicle has four doors.

Doorsaregeneraly located on theright sidefor North Amer-
ican and French systems and on the | eft side for buses operat-
ingin Australiaand Great Britain, although left-hand doorsare
availablefrom many manufacturers(e.g., Irisbusand Gillig) to
support center platform stations. The*“ direct buses’ in Curitiba,
which operate along one-way arterials, haveleft-side doors, as
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do buses operating in Bogota. Some of the buses operating in
Sao Paulo have doors on both sidesto better servevarious plat-
form arrangements.

Design Features. Several BRT systems have dedicated
vehicleswith specia identity and livery. Bogotd, Curitiba, and
Los Angeles use red buses for their BRT services. Honolulu,
Quiito, and Vancouver have digtinctively striped buses. Rouen’s
Irishus Civis vehicles and Bogotad' s TransMilenio buses have
modernistic rail-like styling and a futuristic appearance and
could serve as prototypes for future BRT vehicle designs.
Rouen'’ sIrisbus Civis buses have aminimum aid e width of 34
inches end to end.

ITS

Selected applications of ITS technologies used in BRT
operationsareset forthin Table A-7in Appendix A. The appli-
cations shown cover (1) automatic vehiclelocation (AVL) sys-
tems; (2) passenger information systems (e.g., automated sta-
tion announcements on vehicles, real-time information at
stations); and (3) traffic signal preference/priorities.

BRT systems using AVL systems include Boston (under
construction), Hartford (under development), Los Angeles,
Vancouver, Brisbane, Sydney (proposed), and Bogota.

Systemswith passenger information systemsinclude Boston
(under construction), Hartford (under development), Ottawa,
Pittsburgh (some buses), Vancouver, Brishane, Los Angeles's
Metro Rapid bus, and Curitiba.

Systems having traffic signal timing prioritiesor special bus
phases include Cleveland (under development), Los Angeles,
Vancouver, and Rouen. The Metro Rapid linesin Los Ange-
les, for example, can get up to 10 seconds of additional green
time when buses arrive at a signalized intersection. However,
at major crossroads, advancing or extending the greentimefor
buses can take place only every other cycle. Bus signa pre-
emption along South Miami—-Dade Busway was removed
because of increasesin accidents. The Brazilian cities of Porto
Alegre and Sao Paulo have bus platoon dispatching systems
(Commonor) that are used to increase bus and passenger
throughpuit.

Service Patterns

The types of BRT service provided in the various BRT
case studiesareshownin Table A-8in Appendix A. The spe-
cific patterns reflect the types of running ways and vehicles
utilized. Most systems provide express or limited-stop ser-
viceslaid over an all-stop (or local) service that operateslike
an LRT line. Some also have feeder bus lines that serve
selected stations.

Busways—either along separate rights-of-way or within
street medians—can havebasic“ all-stop” servicewith an over-
lay of express operations during peak periods. In afew cases,

such as Cleveland and Curitiba, the express service is or will
be provided along nearby paralld streets. BRT operationsin
mixed traffic—asin Honolulu, Los Angeles, New Y ork City,
and Vancouver—provide limited-stop service. Locd bus ser-
vice is also operated along the streets, as part of the normal
transit service. Rouen’s BRT system also provides limited-
stop service along arterial streets.

Thebustunnelsin Boston and Seattle are located in down-
town aress. All buses make all stopsin the tunnels.

The “guided buses’ in Leeds and Eugene essentially pro-
vide all-stop service. Quito’s Trolebus service also stops at
all stations.

Buses operating in New Y ork City’ sreverse-flow express-
way bus lanes run express and do not make intermediate
stops. Buses using median expressway lanes in Charlotte's
and Houston’s HOV lanes also operate nonstop; there are no
intermediate stops. However, in Houston, there are a number
of routes that exit the HOV lanes on dedicated bus ramps,
enter transit centers or park-and-ride lots to drop off or pick
up passengers.

In most systems, the BRT service extends beyond the lim-
its of busways or buslanes. Thisflexibility isanimportant ad-
vantage of BRT as compared with rail transit. However, three
BRT systemsin South America operate only within the limits
of the specia running way, mainly because of door arrange-
ments, station platform heights, and/or propulsion systems.
These systems, including Bogot&' s TransMilenio, Curitiba's
median bus service, and Quito’ s Trolebus, actually function as
though they wererail rapid-transit lines.

2.B.4 Performance

Performance characteristics of theexisting BRT systems, as
measured by passengers carried and travel speeds, are shown
in Table A-9 in Appendix A. Performance varies widely,
reflecting factors such as facility location, size of the urban
area, and type of facility (e.g., off-street or arterial).

Weekday Riders

The weekday ridership reported for existing systems in
North Americaand Australiaranged from about 1,000 riders
in Charlotte to 40,000 or more in Los Angeles, Seattle, and
Adelaide. Specific ridership figures are shownin Table 9.

Daily ridership in South American cities is substantially
higher. Reported vaues for specific facilities include 150,000
riders per day in Quito, 230,000 in Sao Paulo, and about
600,000 in Bogota. Reported system riders exceed 1,000,000
in Belo Horizonte, Curitiba, and Porto Alegre.

Peak-Hour Bus Flows

Where there are no intermediate stops, peak-hour, peak-
direction bus flows on dedicated freeway lanes can exceed



TABLE 9 Ridership figuresfor selected BRT systems

Bus Subways Seattle 46,000
Busways Ottawa 200,000
Brisbane 60,000
Pittsburgh 48,000
Adelaide 30,000
San Bernardino 18,000
(Los Angeles)
Miami 12,000
Harbor 9,400
(Los Angeles)
Charlotte 1,000
Arterial Streets Wilshire 55,000
(Los Angeles)
Vancouver 14,000-24,000
Ventura 10,000
(Los Angeles)

650 buses per hour (e.g., on the New Jersey approach to the
Lincoln Tunnel and the Port Authority of New Y ork/New
Jersey Midtown Bus Terminal.) The Ottawa Transitway sys-
tem reports bus volumes of 180 to 200 buses per hour along
downtown bus |anes. These volumes result from high use of
fare passes, an honor fare system on the Busway All-Stop
routes, and use of multidoor articulated buses. Over 140 buses
per hour use the busiest section of Brisbane's South East
Busway.

Peak-hour flows of over 100 buses per hour are found in
the contra-flow bus lanes on New Y ork City’sLong Island
Expressway and Gowanus Expressway. Most other BRT
facilities in the United States and Australia have less than
100 buses per hour. Flows of about 50 to 70 buses per hour
aretypical.

The South American arterial median bus lanes that have
passing capabilities at stations carry as many as 300 buses
per hour one way at the maximum load point.

Peak-Hour, Peak-Direction Riders

Peak-hour passenger volumes carried past the maximum
load points exceed 25,000 on the approach to the Lincoln Tun-
nel in New Y ork, on Bogota s TransMilenio four-lane busway,
and along the Farrapos Busway in Porto Alegre. Peak-hour
passenger volumes approach 20,000 on median busways in
Sap Paulo and Porto Alegre. Ridership in Quito, Ottawa, and
Curitibais in the 8,000-12,000 range. Brishane's South East
Busway carries 9,500 people one way in approximately 150
buses during the peak hour. Its capacity has been estimated at
11,000 persons per hour. The ridership seen in the interna
tional case studies equals or exceeds the number of LRT and
metro passengers carried in most U.S. and Canadian cities.
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BRT operating speeds depend upon the type of running way
and service pattern. Where busesrun nonstop on reserved free-
way lanes, revenue speeds of 40 to 50 miles per hour are com-
mon. When the service patterns include stops on reserved or
dedicated lanes, buses generally average 20 to 30 miles per
hour, depending on top spacing and dwell times. These speeds
are comparable with LRT speeds for the same type of operat-
ing environment. The slower speeds recorded along Miami’s
busway reflect stops and traffic signal delays at signalized
intersections along the busway.

Average speedsfor BRT operationsalong arterial streetsin
the United States and Canada range from 8 to 14 miles per
hour in New York City to 15 miles per hour along Wilshire
Boulevard and 19 miles per hour along VenturaBoulevard in
Los Angeles.

“Express’ operations along Curitiba' s one-way streets and
Bogota s TransMilenio busway are approximately 19 milesper
hour. Buses making all stops along median busways in South
Americaaverage 11to 14 milesper hour. These speedsarelow
when compared with BRT operationsin the United States and
Canada. However they represent dramatic improvements over
local bus speeds and are often faster than automobile speeds.

2.B.5 Benefits of BRT

BRT systems have achieved important benefitsin terms of
travel time savings, increased ridership, land development
impacts, and improved safety.

Travel Time Savings

Reported travel time savings resulting from BRT opera-
tionsare shownin Table A-10in Appendix A. These savings
are shown as the percent change in speeds, the total time
saved in minutes, and the minutes saved per mile of travel.

Travel time reductions resulting from the introduction of
BRT services have sometimes exceeded 40%. Bus operations
in exclusive freeway lanes or busways have achieved travel
time savings of 47% in Houston, 44% in Pittsburgh, 38% in
Los Angeles, and 32% in Adelaide compared with local bus
routes. Segttle’s bus tunnel has achieved a 33% reduction in
bus travel times for the CBD portion of bus routes.

BRT service aong arterials has achieved travel time sav-
ingsof 23%to 28%in LosAngeles, 29% in Porto Alegre, and
32% in Bogota compared with the fastest aternative bus ser-
vices. Thetime savingsin Los Angeles are impressive in that
buses operate in mixed traffic. These time savings have been
achieved by increasing the spacing between stops and by pro-
viding up to 10 seconds of additional green time at signalized
intersections using asigna priority system.

Total time savings range from 5 minutes at Seettle’s bus
tunnel to over 20 minutes along Pittsburgh’s East and West
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Busways. Most facilities achieve time savings of 2 to 3 min-
utes per mile.

Busways and reserved bus lanes on freeways that bypass
traffic backup on approaches to river crossings save up to
7.5 minutes per mile. Busways on partially grade-separated
rights-of-way generally save 2 to 3 minutes per mile over the
previousbusservice. BRT lineson arterial streetstypicaly save
1to 2 minutesper mile. The savingsare greatest wherethe pre-
vious bus routes experienced major congestion.

Ridership Increases

Reported increasesin busridersaregivenin Table A-11in
Appendix A. Theincreases reflect the provision of expanded
transit service, reduced travel times, improved facility iden-
tity, and overall population growth. Collectively, theincreases
clearly demonstrate that BRT can attract and retain new,
even discretionary, riders.

Some evidence suggests that many of the new riders were
previously motorists and that improved bus service resultsin
more frequent travel. In Houston, for example, up to 30% of
theriders were new riders, and up to 72% were diverted from
automobiles. In Los Angeles, the Metro Rapid bus service,
which operates in mixed traffic, had about a 33% increase in
riders. Theincrease was made up of new riders, ridersdiverted
from other corridors, and people who rode transit more often.
In Vancouver, 20% of new riders previoudy used automo-
biles, 5% represented new trips, and 75% were diverted from
other buslines.

Addaide sGuided Busway reported a76% gaininridership
at atimewhen overall system ridership declined by 28%. Bris-

bane’ s South East Busway reported over a40% gain in riders
during thefirst 6 months of service and areduction of 375,000
automobile trips annualy.

Operating and Environmental Benefits

The travel time savings associated with buses operating on
their own rights-of-way have also achieved operating costsand
safety and environmental benefits, as shown in Table 10. All
cost savings are reported in U.S. dollars.

The Ottawa Transitway requires 150 fewer buses than if
the Transitway system did not exist, resulting in savings of
roughly $49 millionin vehicle costsand $19 millionin annual
operating costs.

Sesttle’ sbus tunnel has reduced surface street bus volumes
by 20%. Buses using the tunnel also had 40% fewer accidents
than in mixed-traffic operations.

Bogota's TransMilenio busway had 93% fewer fatalities.
In addition, a40% drop in pollutants was recorded during the
first 5 months of operation.

Curitiba uses 30% less fuel per capita for transportation
than other major Brazilian cities. This has been attributed in
part to the success of the BRT system.

Land Development Benefits

Like other rapid rail transit modes, BRT stations can pro-
vide afocal point for transit-oriented development. Reported
land development benefits and other benefits are shown in
Table 10. Ottawareported over $675 million in new construc-

TABLE 10 Ben€fits, selected BRT systems

SYSTEM

LAND DEVELOPMENT BENEFITS

Pittsburgh East Busway

59 new developments 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

$1 billion in Canadian dollars ($C) in new
construction at Transitway stations.

Adelaide Guided Busway

Tea Tree Gully area is 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.

OTHER BENEFITS

Ottawa Transitway

150 fewer buses, with $58 million ($C) savings in
vehicle costs and $28 million ($C) in operating
costs.

Seattle Bus Tunnel

20% reduction in surface street bus volumes. 40%
fewer accidents on tunnel bus routes.

Bogot4 TransMilenio Median Busway

93% fewer fatalities. 40% drop in pollutants.

Curitiba Median Busway

30% less fuel consumption per capita.




tion around Transitway stations. Pittsburgh reported $302 mil-
lionin new or improved developments along the East Busway
stations. Vauesof property located near Brisbane' s South East
Busway grew two to three times as fast as the values of prop-
erty located at greater distances. These impacts are similar to
those experienced along rail trangit lines.

In the cases of severa of the BRT systems studied, local
governments implemented land use planning policies that
encouraged development near BRT facilities. In the Ottawa-
Carleton region, major developments such as regional shop-
ping centers are required to locate near the Transitway. In
Curitiba, the arterial median busways areintegral parts of the
structural axes along which high-density development has
been fostered.

2.B.6 Costs

Costsfor BRT systemsvary widely depending on the BRT
elements being implemented (e.g., running ways, vehicles,
etc.) and the location, type, and complexity of construction.
Development costsfor the BRT systemsin the case studiesare
shown in Table A-12 in Appendix A. For the implemented
systems, these costs reflect those incurred at time of construc-
tion. The costs per mile of facility are also shown. A compar-
ison of the costs shows the following:

* Costs for bus tunnels range from about $200 to $300
million per mile, including stations.

* Costs for busways on their own rights-of-way display a
wide range, depending upon the year they were built and
ease of congtruction. The values cited range from about
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$6 to $7 million in Los Angeles, Miami, and Pittsburgh
(South Busway) to about $20 million per milefor the East
Busway in Pittsburgh and the recently completed South
East Busway in Brisbane. The high cost of Pittsburgh’s
West Busway—about $53 million per mile—was due to
the hilly terrain traversed, a major tunnel rehabilitation,
and an expensive freeway interchange at the outer termi-
nus of the busway.

* Costs for arterial street median busways have been
reported as about $1.5 million per milein Curitiba, $5 to
$8 million per milein Bogotaand Quito, and an estimated
$29 million per milein Cleveland.

* Costs for mixed-traffic operation have generally been
lessthan costsfor BRT systems with dedicated running
ways. The costsreported for guided bus systemsinclude
$2.4 million per mile of guideway in Leeds, $7 million
per mile in Rouen, and less than $8 million per mile
expected in Las Vegas.

Information on busway maintenance costs was only avail-
able for Pittsburgh’'s East Busway. These costs averaged
$110,000 per mile per year for 7 miles.

Operating costs for BRT service are influenced by wage
rates and work rules, fuel and electricity costs, operating
speeds, and ridership. Operating costs for Pittsburgh’s East
Busway and South Busway (1989) averaged $0.52 per pas-
senger trip. Costs per trip for light rail linesin Buffalo, Pitts-
burgh, Portland, Sacramento, and San Diego averaged $1.31;
the cost range was from $0.97 (San Diego) to $1.68 (Sacra-
mento). These comparisons suggest that BRT can cost less
per passenger trip and per mile than LRT, depending on the
situation (16).
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CHAPTER 3

IMPLICATIONS AND LESSONS LEARNED

The last several decades have seen a transition from bus
lanesand prioritization treatmentsto full-featured BRT. Thirty
years ago the emphasis was on curb bus lanes, freeway ramp
gueue bypasses, and “ physical elements.” BRT packages now
include extensive busway systems, median bus lanes, and
specia-purpose BRT vehicles and focus on service patterns,
amenities, image, and identity.

The BRT systems examined in the case studies generally
have severd of thekey BRT dementsincluding running ways,
attractive stations, distinctive vehicles, off-vehicle fare collec-
tion, application of ITS technologies, and a clear service pat-
tern. A few systems have or will have al of these features.
These systemsinclude Boston, Cleveland, and Eugene (which
are under development in the United States); Bogota, Curitiba,
and Quito (which operatein South America); Brisbane (which
is operating in Australia); and Ottawa (which is operating in
Canada).

3.A LESSONS LEARNED

Each urban area has unique circumstances that influence
BRT markets, service patterns, viability, design, and opera-
tions. Withinthiscontext, several key lessons, implications, and
directions have emerged from the case studies. Many of these
lessons can aso apply to rapid-transit planning and develop-
ment in general. The lessons learned are organized asfollows:

* Planning and Implementation Process,
» System Concepts and Packaging,

* Running Ways,

Stations,

Vehicles,

Fare Collection,

ITS Applications,

Service Plan and Operations,
Traffic-Transit Integration, and
Performance.

L] L] L] L] L] L] L]

3.A.1 Planning and Implementation Process

BRT system devel opment should be an outgrowth of aplan-
ning and project-development process that stresses problem
solving and addressesdemonstrated needs. A General Account-
ing Office report states that

the future of Bus Rapid Transit, especially in the United
States rests largely with the willingness of communities to
consider it asthey exploretransit optionsto addresstheir spe-
cific situations. Such decisions are difficult and are made on
a case-by-case basis considering a variety of factors, includ-
ing cogt, ridership, environmental impacts, and community
needs and attitudes (17).

Community and Agency Support

Early and continuous community support for an open plan-
ning process that objectively considers BRT among other
optionsisessential. It isnecessary to maintain public dialogue
and to recognize and respond to community concerns at each
major step in the planning process.

Because successful BRT implementation may require
participation of transit operators and highway agencies, all
prospective actors should be a forma part of the planning
effort. Participants a so may include representatives of private-
sector transit operators as well as the police departments that
may beresponsiblefor transit facility enforcement, safety, and
Security.

Panning for BRT should be approached from the perspec-
tives of the communities and agenciesinvolved. The costsand
benefitsof BRT, along with other alternatives, should beclearly
described. Like other rapid-transit systems, a BRT alternative
should be reasonable in terms of usage, travel times saved,
costs, development benefits, and impacts to general traffic.

So that BRT is considered in its proper place along with
other modes, decision makers and the general community
must understand the nature of BRT and its potential. BRT's
potential performance, attractivenessto customers and devel-
opers, operating flexibility, capacities, and costs should be
clearly identified in alternatives analysesthat objectively con-
sider other options aswell.

A BRT system often can be more cost-effective and provide
greater operating flexibility than rail transit. It also can be a
cost-effective aternative to extending rail transit through low-
density residential areas, asin Miami. Because of these poten-
tial advantages, BRT should be carefully considered asoptions
are explored and assessed during the planning process.

Agency Coordination

State, regional, and local cooperation isimportant in devel-
oping and implementing BRT projects. Transit planners, traf-



ficengineers, and urban planners must work together to address
the many issuesrelated to BRT systems. In the United States,
metropolitan planning agencies and state DOTSs should be
major participants. In Hartford, Miami, and Pittsburgh, state
DOTs played major roles in busway devel opment.

Political commitment and appropriate institutional arrange-
ments are essential . Fragmented responsibilities among multi-
ple agencies should be avoided. In Quito, for example, the city
created a single agency with adequate powers to control and
improve public transportation.

Incremental Devel opment

BRT lends itself to incremental development. In many
cases, it may be useful to identify a BRT segment for imme-
diate, early implementation. Early action is essential to retain
community support and continuity of public agency staff. This
will demonstrate BRT’ s potential benefits as soon as possible
toriders, decision makers, andthe public at relatively little cost
while till enabling system expansion and possible future up-
grading (e.g., to more technologicaly advanced vehicles).
Examples of staging opportunitiesinclude the following:

* Theinitial segment, for example, could include curb bus
lanes that may be upgraded to busways in the future. A
BRT line can aso serve as a means of establishing the
transit market for a possible future rail line.

* BRT service aong abusway does not preclude ultimate
conversionsto rail transit when and if such aconversion
iswarranted by ridership or other considerations.

» Ottawa sapproach of providing broader coveragethrough
“outside-in” priorities has proven more cost-effectivein
attracting riders and influencing travel choices than has
the traditional concentration on shorter, more costly,
inner-city sections.

Parking Policy

BRT system performance can beinfluenced by parking sup-
ply and demand. Parking policiesareimportant to BRT and all
rapid-transit modes in two important respects:

1. Ampleparking should be provided along busways, espe-
cially at outlying stations. Parking supply can expand the
catchment areaand reduce the need for extensive feeder
busserviceinlow-density residential areas. Caremust be
given so that extensive parking does not preclude joint
development.

2. In severa existing systems, park-and-ride facilities are
provided in limited supply along many existing bus-
ways, and several of the planned facilities (e.g., the Pitts-
burgh busway expansion and Hartford's facility) will
include parking a key stations. The proper level of
parking supply along BRT lines or systemsisan area
that requires further anaysis.
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Parking for those who choose to drive to work should be
limited where magjor BRT investments are planned. Thisis
already in effect in Boston and Ottawa.

Land Use Coordination and
Economic Development Effects

BRT and land use planning for station areas should be inte-
grated as early as possible and done concurrently. A “transit
overlay” zoning district may be an appropriate strategy for
encouraging transit-oriented development. Density bonuses
may also promote mixed residential and commercial develop-
ments near transit stations.

Close working relationships with major developments may
be necessary to address issues of building orientation, con-
nections to stations, and setbacks. Cleveland, for example, is
working with the Cleveland Clinic to achieve desired building
setbacks and orientation.

Adeaide, Brishane, Ottawa, Pittsburgh, and Curitiba have
demonstrated that BRT can achieve land use and economic
development benefits similar to those produced by rail transit.
However, achieving these benefits requires coordination from
thebeginning. In countrieswhereland use planning is stronger
than in the United States, environmental preservation and
focused commercial development are frequently integral parts
of BRT system development.

Although integrated land use and transport is usualy diffi-
cult to achieve, along-term view should be taken. Firgt, tran-
sit supportive actions should be encouraged in BRT corridors.
Additionally, the coordination of new developmentswith BRT
planning can be mutually beneficial.

BRT Markets

BRT has been mainly utilized in larger urban areas, either
as an alternative or complement to rail transit. The case stud-
iesindicate that most urban areaswith BRT have morethan a
million residents and CBD employment of at least 75,000. In
these areas, sufficient ridership demand enables frequent ser-
vice as part of afull-featured BRT applicationin at least one
corridor.

BRT works well in physically constrained environments
wherehills, tunnels, and water crossingsresult in frequent con-
gestion and make freeway construction costly, difficult, and
impractical.

BRT systems should serve demonstrated transit markets.
The 33% ridership gain along Wilshire Boulevard—perhaps
the heaviest bus corridor in Los Angeles—indicatesthat it is
beneficial to penetrate major catchment areas rather than to
skirt them.

Itisessential to match rights-of-way with transit markets.
The presence of an exclusive right-of-way is not necessarily
sufficient to ensure the effectiveness of BRT services, espe-
cialy when theright-of-way isremoved from major markets,
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or the stations are inaccessible to transferring passengers
or pedestrians (as seen with the Harbor Transitway in Los
Angeles).

3.A.2 System Concepts and Packaging

BRT should include as many attributes of any high-quality,
high-performance rapid-transit system as possible. These
attributes can be specially adapted to the unique characteris-
tics of BRT, especidly its service and implementation flexi-
bility. A successful BRT application will have all the key
attributes of rail transit—segregated and prioritized rights-of-
way; attractive stations with passenger amenities; off-vehicle
fare collection; and attractive, multidoor vehicles. Service pat-
terns should be clear, service should be frequent and fast, and
bus stops should be spaced widely apart.

To optimize the potential benefits of BRT, there should be
afocus on service, station and vehicle amenities, system inte-
gration, and development of acoherent image. These attributes
can be more significant than the potential cost advantages of
BRT. InBoston, for example, the Silver Linewill provide one-
seat ridesto major destinationsfar beyond the extent of the bus
guideway.

A successful BRT project that achieves its full potential
calls for more than merely providing a bus-only lane, queue
bypass, or even a dedicated busway. It requires the incorpo-
ration and integration of the entire range of rapid-transit ele-
ments and the development of a unique system image and
identity. Service simplicity, frequency, image, and identity
are essential.

Although providing bus lanes, signd priority, or queue by-
passes may be effective in reducing congestion, these provi-
sions do not necessarily constitute BRT, even where there is
express and limited-stop bus service and other BRT features.
However, use of BRT running ways should be mainly limited
to buses.

BRT systems, like any rapid-transit system, should be de-
signed to be as cost-effective as possible. However, trans-
portation planners should not “ cut corners’ by eliminating key
system elements and their integration as a means of reduc-
ing cost.

System identity and image are essential because they pro-
videthe customer with information on whereto accessthe sys-
tem and routing. These featuresaone canincreaseridershipin
acompetitive, consumer-oriented society. The image or iden-
tity of the BRT system should be emphasized in the design of
all BRT system physical elementsincluding stations, vehicles,
running ways, and graphics.

The Ottawa, Brisbane, and Curitiba case studies demon-
stratethat theimage of BRT can be enhanced by station design
features, dedicated BRT vehicles, more effective fare collec-
tion methods, and marketing approaches that smplify use of
the system and give it aclear identity. For example, to clearly
identify BRT routes, Rouen and other French cities color their

bus lanes, as shown in Figure 11. Ireland and New Zealand
cities use green pavement, whereas cities in Brazil and Japan
use yellow pavement.

3.A.3 Running Ways

BRT service operates successfully in mixed traffic, as seen
inLosAngeles. HOV facilitiescan also be effectivein certain
markets. Bus lanes have been used to reduce traffic delaysin
congested areas such asNew Y ork, Pittsburgh, and Los Ange-
les. The use of separate rights-of-way can enhance speed, reli-
ability, safety, and identity, as seen in Ottawa, Brisbane, and
Pittsburgh. Mechanical, electronic, and optical guidance sys-
tems are used in several cities (e.g., Addlaide and Rouen) to
reduce rights-of-way or to improve bus operations.

Busways

Rights-of-way for busways should be purchased or reserved
as early as possible. Alignments that may pose barriers to

Figure11. Buslanesin Rouen.



implementation should be avoided. However, theright-of-way
should adequately serve its market. It may be desirable to pur-
chase or preserve rights-of-way in anticipation of future BRT
projects.

Railroad and freeway rights-of-way offer opportunitiesfor
relatively easy land acquisition, minimum property impacts,
and low development costs, as described in the Brisbane,
Miami, and Pittsburgh case studies. However, the availability
of the right-of-way should be balanced with proximity and
access to markets. Rights-of-way located along railroad or
freeway corridors may generate little walk-on traffic, limited
opportunities for new land development, and complex nego-
tiations. Moreover, when the railroad right-of-way is close to
aparallel mgjor arterial road, asin Miami, there are additional
challenges associated with the coordination of traffic controls.

Busways can be provided as integral parts of new town
development, as in Runcorn, or as an access framework for
areas that are under development.

Bus tunnels have potential in downtown areas where con-
gestion is frequent, bus volumes are high, and street spaceis
limited, asin Boston, Brishane, and Seattle. Bus tunnels can
save buses 2 to 3 minutes per mile, as compared with local
operationsin mixed traffic.

Where BRT commuter express service operateson an HOV
facility, it should have its own direct access and egress ramps
to and from stations. Such services should also feature inter-
modal terminals, asthey do in Houston. Requiring BRT vehi-
clesto weave across multiple lanes of general traffic to get to
median HOV lanes should be avoided.

Arterial Street Bus Lanes and Median Busways

The placement and design of buslanes and median busways
on streets and roads should take into account the diverse needs
of buses, motorists, delivery vehicles, pedestrians, and turning
and crosstraffic.

Curb bus lanes have the advantages of good pedestrian
access, curbside passenger boarding and alighting, and the
ability to beinstalled on most roadways. However, they pose
problemswith competition for curb space, enforceability, and
lack of identity. Curb lanes are widely used to expedite bus
flow and to feed or distribute busway vehicles (e.g., Pitts-
burgh and Ottawa). The New Y ork City case study indicates
that extensive systems of curb bus lanes can be implemented
in densely developed central areas to expedite bus flow. In
such cases, effective enforcement is essential.

Median busways are widely used throughout South Amer-
icaand are or will be used for BRT systems in Cleveland,
Eugene, and Vancouver. They areusually physically separated
from adjacent traffic lanes by narrow islands.

The positive aspectsof BRT facilitiesin arterial street medi-
ans areidentity, the avoidance of interference with accessto
adjacent land uses, and minimum side impedance. The nega-
tiveaspectsareinterference with left turnsand potential pedes-
trian access problems.
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Arterial median busways are freed from the effects of
property access and goods delivery, and they are less likely
to be used by other traffic. They provideaclear sense of BRT
identity, much like the streetcar lines did a half century ago.
However, they require wide curb-to-curb widths to accom-
modate the busway running ways, stations, and general traf-
fic requirements. The South American case studies indicate
that a high-capacity facility with station bypass lanes can be
introduced into an existing arteria right-of-way that isat least
75 feet wide.

Facility design must allow safe pedestrian access to and
from bus stops and suitable accommodations for left turns.
Traffic signal phasesfor left turns should minimize the likeli-
hood of same-direction bus-car accidents, which isacommon
occurrence with several LRT lines. Where there are nearby
paralel one-way streets, left turns could be prohibited along
busways and indirect routings could be provided.

The main constraints for providing dedicated buswaysin
U.S and Canadian cities are finding suitably wide rights-of-
way and the costs associated with right-of-way acquisition.

Soeeds

Limited-stop BRT operations on city streets can achieve
overall speeds between 15 and 20 miles per hour. BRT opera
tions on busway's can achieve speeds of 30 miles per hour with
stops and up to 55 miles per hour nonstop, with overall route
revenue speeds of 25 to 35 miles per hour. Therefore, to pro-
vide speeds that are competitive with driving an automobile, a
BRT should operate off-street on busways, with wide spacing
between stations wherever possible.

3.A.4 Stations

Stations are a key element in providing adequate capacity
along aBRT line. They are also acritical element in achiev-
ing bus system identity and image. Station design should pro-
vide sufficient capacity for the likely peak-hour bus flows.
Generally, several loading positions are provided. Stations
along busways often provide passing lanesto enable express
busesto pass stopped vehicles. Sometimesfencesare used to
preclude random crossings by pedestrians.

Safe pedestrian and automobile accessto stations, aswell as
to feeder bus services, arecritical in achieving ridership objec-
tives. Context-sensitive design and community involvement
will both ease implementation and encourage transit-oriented
land use. Stations can beattractively and distinctively designed
whether they are ssmple curbside shelters or busway structures.
Major BRT stations should have as many amenities as possi-
ble, including those normally found at heavy rail and com-
muter rail stations.

High-platform stationswith pre-payment of faresareusedin
Bogota, Curitiba, and Quito. These designs reduce passenger
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service times, but they are not as common in the U.S. and
Canadian environments where BRT service extends beyond
the busway limits. Station capacity isenhanced when faresare
collected off board and multiple-stream boarding is provided
through multiple doors.

3.A.5 Vehicles

Greater attention needs to be given to vehicle design and
identity. Several manufacturers, such as Irisbus Civis, Bom-
bardier, and Neoplan, are starting to recognize this need by
producing specialized BRT vehicles. Key considerations to
vehicle design are sufficient capacity, ease of passenger entry
and exit, improved comfort, adeguate circulation space, and
reduced noise and emissions. Vehicles must clearly convey
transit system identity and image by color, markings, and/or
vehicle design. High-capacity (e.g., articulated) buses on
heavily traveled routes can achieve an optimum balance
between frequent bus service for passengers and efficient bus
operationswithout resulting in bus-on-bus congestion at stops.

Examples of BRT vehicles that are (or will be) in ser-
vice include Boston's multidoor articulated dual-mode
bus, Bogot& s TransMilenio articulated bus, Curitiba's bi-
articulated bus, and the optically guided Irisbus Civisvehi-
cles used in Rouen.

Fleets of vehicles dedicated to BRT service are desirable.
However, vehicles should be configured to meet specific
BRT applications because one size may not always fit all
conditions or needs. For example, Miami operates vehicles
of differing sizes on its busway. New bus technologies
should be carefully tested before being placed in revenue
service.

3.A.6 Fare Collection

Fare collection procedures are normally based on specific
demand elements of aBRT system. On-board fare collection
may be desirable to minimize operating costsin many envi-
ronments, especially at low-volume stations or during cer-
tain times of the day. Off-vehiclefare collection isdesirable
at major boarding points, especially during peak periods, to
reduce passenger service times, station dwell times, and bus
travel times. Many of the BRT systems examined in the case
studies require improvements in fare collection procedures.

Possible strategies include off-vehicle fare collection at
selected stations or the use of passes and possibly honor fare
systemssimilar tothose used on LRT systems. I TSand smart
card technology applied at multiple doors may be the key to
allowing simultaneous on-board fare payment and multiple-
door boarding without increasing revenue shrinkage. On-
board magnetic card readers for fare payment may actually
increase dwell times more than requiring exact change or
token payment.

3.A.7 ITS Applications

ITS applications can greatly enhance the success of BRT
systems. At relatively modest costs, ITS applications may
replace some of the functions provided by expensive and dif-
ficult-to-maintain physical infrastructure or other types of
rapid transit. I TS applications can be used to convey passen-
ger information in avariety of venues, to monitor or control
bus operations, to provide priority at signalized intersections,
to enhance safety and security on board vehicles and at sta-
tions, and even to provide guidance for BRT vehicles.

In places where I TS has been applied most successfully to
BRT, such asin Los Angeles, ITS elements have been part
of ageographically larger, functionally comprehensive ITS
system.

3.A.8 Service Plan and Operations

The service plan should be designed for the specific needs
of the BRT environment and may include avariety of services.
A primary advantage of BRT isthe ability to provide point-to-
point one-seat rides because of the relatively small size of the
basic service unit compared with that of rail rapid-transit
systems. Providing point-to-point service must be balanced
against the need for easy-to-understand, high-frequency ser-
vice throughout the day.

Asridership increases, it may become necessary to increase
trunk line service frequency and to convert some overlay ser-
vicesto feeders or shuttles. BRT should minimize transfersto
attract choiceriders. Wheretransfersare necessary, they should
take place in station fecilities that are attractive, that offer
amenities, and that are designed to minimizewalking distances
and level changes.

Service frequencies should be tailored to market demands.
When frequent and reliable transit services are desired, maxi-
mum headways of 10 minutesin peak periods and 15 minutes
in non-peak periods will minimize the need for set passenger
schedules on BRT all-stop service routes. Where two services
operate onthesame BRT line(e.g., limited-stop BRT andlocd
bus operations, or BRT expressand all stop), it ispreferableto
have minimum combined frequencies of about 5 minutes in
the peak period and 7.5 minutesin the base period to minimize
the need for set passenger schedules.

The maximum number of buses operating during peak hours
should be governed by (1) meeting ridership demands, (2) min-
imizing bus congestion, (3) operating costs, and (4) opera-
tional constraints. This 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 par-
allel streets. Headway-based scheduleswork well where buses
operate at close intervals.

Public regulation of BRT operations might be needed
where services are contracted or privately operated. Private-
sector operation under public supervision has proven suc-



cessful in Curitiba, where the combination of public—private
sector initiatives hasresulted in an efficient, high-quality bus
service.

BRT service can extend beyond the limits of dedicated
guidewaysif reliable, high-speed operations can be sustained.
Outlying sections of BRT lines, and in some cases CBD dis-
tribution, can use existing general traffic roads and streets.
These streets, which caninclude HOV lanes, should be suit-
ably modified through graphics, signage, and pavement mark-
ingstoimprove BRT efficiency, effectiveness, and identity. In
Ottawa, for example, about half of the Transitway routes actu-
ally operate on the Transitway itself.

In most North American applications, the BRT service pat-
ternsthat work best feature all-stop service at al times of day
complemented by an “overlay” of integrated express services
for specific markets during peak periods such as major park-
and-ride stationsto the CBD. This service pattern isfound in
Miami, Ottawa, and Pittsburgh. In Pittsburgh, more than half
of the East Busway neighborhood’ sriders come from beyond
the busway limits.

During off-peak periods, theintegrated overlaid routes are
turned back at BRT stations, converting the local portion of
the routes into more cost-effective feeders. Where turnbacks
are provided, good connecting schedul es and communication
facilities are essential, especially where feeders have long
headways.

3.A.9 Traffic-Transit Integration

Close working arrangements between traffic engineers and
transit planners are essential in developing busway and bus-
lane designs, locations of bus stops and turning lanes, and
application of traffic controls. A good program of traffic con-
trols and signage will help ensure safe vehicle and pedestrian
crossings of busways and bus lanes. Excessively long traf-
fic signal cyclelengthsto accommodate exclusive bus phases
should be avoided.

Los Angeles's successful Metro Rapid bus operations on
Wilshire-Whittier and Ventura Boulevards are a direct result
of cooperation between the Metropolitan Transportation
Authority and the city’ sSDOT. Thetwo agenciesfound that (1)
amodest “advance” or “extension” of the traffic signal green
time (or adelay of thered signal time) of up to 10 seconds per
cycle can reduce bus delays with negligible impacts on cross
street traffic, (2) bus headways should not be less than 2.5 to
3.0 minutesto enable mgjor cross streetsto “recover” fromthe
timelogt, and (3) far-side stops are essential.

An at-grade busway has fewer traffic impacts on intersect-
ing roadsthan atypical arterial street. However, relatively light
busvolumesrequiretraffic control strategiesthat ensure safety
at grade crossings. Positive protection, such as bus-actuated
traffic signals, is essentia. However, if accidents persist, gat-
ing of bus crossings may be appropriate. The busway should
betreated asthough it wereahigh-speed light rail lineon apri-
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vateright-of-way. If thereis sufficient conflict among various
modes (i.e., vehicles, transit vehicles, and pedestrians), it is
important to incorporate gates to reduce these conflicts.

3.A.10 Performance

The case studies indicate that BRT can provide sufficient
capacities for most corridors in most North American cities.
The Ottawa and Pittsburgh busways carry peak-hour, peak-
direction passenger flows of 8,000 to 10,000 people. These
flows exceed the peak ridership on many U.S. and Canadian
LRT lines. Curitiba’' s median busways routinely carry over
14,000 people per hour per direction, and Bogotd's system
carries over 25,000 people per hour per direction. These
flows exceed any expected rapid-transit passenger volumes
that are likely in major corridors in the United States and in
other developed countries.

Revenue speeds of 25 to 35 miles per hour are obtained on
grade-separated buswaysin Pittsburgh and Ottawafor all-stop
routes. Express routes have end-to-end revenue speeds of over
40 miles per hour. In Los Angeles, the arterial Metro Rapid
routes achieve speeds up to 19 miles per hour. Two-thirds of
the increase in travel speed in Los Angeles was due to fewer
stops, and one-third was due to traffic signal priorities.

A main reason for the increased operating speeds on BRT
systemsisthe wide spacing between stops. Thissuggeststhat
BRT lines should have the widest station spacing that isfea
sible, which is generally a half-mile or more.

The Los Angeles experience showed that a combination of
several BRT elements can achieve a 25% to 30% reduction in
bustravel timesand corresponding gainsin ridership. These
BRT elements include distinctive buses and stations, wide
spacing between bus stops, and modest traffic signal priorities.
The Los Angeles demonstration reported a1% increasein rid-
ersfor every 1% decrease in travel times. In fact, about one-
third of the gain represented new transit riders, one-third was
ridersdiverted from other routes, and one-third was existing
riders making the trip more often.

A fixed-transit facility with frequent service can increase
ridership. Regardless of travel time advantage, the presence or
identity of the service can enhance ridership, asin Miami.
The perceived permanence of therunning way appearsto have
benefited ridership.

3.B CONCLUSIONS:
SIGNIFICANCE AND EXTENSION

Examination of the case studies showsthat BRT doeswork.
BRT systems can attract new riders to transit and induce
transit-oriented land use and economic development in abroad
variety of environments. Virtually all new, fully integrated
BRT system investments have experienced the same type of
ridership increases previoudy thought to be the exclusive pro-
vince of rail transit. For example, in Los Angeles, more than
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30% of the additional trips generated by Metro Rapid bus ser-

vice were made by riderswho had not previously used transit.
At the sametime, BRT can aso have positive development

effects. Ottawa, Pittsburgh, and Brisbane have demonstrated

that there can be a positive connection between BRT invest-

ment and the |l ocation and site design of new land devel opment.
The following is a summary of important points:

* BRT can provide sufficient capacitiesto meet peak-hour
travel demandsin most corridorsin the United Statesand
Canada.

* BRT should be rapid and reliable. Reliably high speeds
can best be achieved when alarge portion of the service
can be provided on separate rights-of-way.

* BRT implementation and operating and maintenance
costs are generally less than those of rail rapid transit.

However, developing an effective BRT system is not
always low cost.

Any mgjor BRT investment should be reinforced by tran-
sit supportive land-development and parking policies.
BRT should beanintegral part of land use, transportation,
economic development, and master-planning efforts.

In the future, it is expected that more cities will imple-
ment integrated BRT systems. There is tremendous pay-
off potential in keeping all elementsof BRT together in
an integrated package, although that may be difficult
and challenging to implement. Although al communities
may not have sufficient ridership markets or may have
financial or physical limitationsthat prevent full system
integration, many of the individual components can be
adapted by existing bus systemsto improvetheir attrac-
tiveness and utility.
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TABLE A-1 Summary of BRT systems surveyed

CENTRAL

URBANIZED BUSINESS RAIL BRT
CITY AREA DISTRICT TRANSIT STATUS/ SYSTEM OVERVIEW

POPULATION (CBD) IN CITY YEAR FIRST

(MILLIONS) OPENED
EMPLOYMENT
US/CANADA
1. Boston 3.0 365,000 N First Section | “Silver” Line includes bus
Opened July | tunnel and will have articulated
2002 dual-mode trolley and CNG-
powered buses.

2. Charlotte 1.1 50,000 1997 Use of peak-period freeway bus
lane by express buses in
Independence Blvd. Corridor.

3.  Cleveland 2.0 100,000 ~ Under Euclid Ave. Median Busway

Construction | will have articulated hybrid
diesel-electric buses.

4. Eugene 0.2 N/A Proposed Project includes exclusive
transit lanes used by low-floor
guided vehicles.

S.  Hartford 0.8 52,000 Under New Britain—Hartford Busway

Construction ;| with stations along unused
railroad busway.

6. Honolulu 0.9 N/A 1999 Three City Express! and
Country Express! routes
provide limited-stop service
using distinctively colored
articulated buses.

7. Houston 1.8 150,000 1979 Harbor and Santa Monica
Freeway HOV lanes have
express bus service and
stations.

8. Los Angeles 9.60 200,000 v 1977 San Bernadino Busway (later
HOV Busway) opens.

1979 Harbor and Santa Monica
Freeway HOV lanes have
express bus service, stations.

1999 Wilshire-Whittier and Ventura
Blvds. “Metro Rapid” limited-
stop service uses distinctively
colored low-floor CNG buses.

9. Miami 2.3 50,000 v 1996 Miami-South Dade Busway
along abandoned railroad line
connects with Miami Metro.

10. New York 16.0 1,850,000 N 1963 Express buses use contra-flow

City bus lanes on three radial
freeways; extensive bus lane
network in Manhattan; limited-
stop bus service on 25 routes in
all 5 boroughs.

11. Ottawa 0.79 86,500 1983 Extensive busway system with
attractive stations offers all-stop
and express service.

12. Pittsburgh 1.7 140,000 ~ 1977 South, East, and West Busways

offer all-stop and express
service.

(continued)



TABLE A-1 (continued)

CENTRAL
URBANIZED BUSINESS RAIL BRT
AREA STATUS/
CITY DISTRICT TRANSIT SYSTEM OVERVIEW
POPULATION YEAR FIRST
(MILLIONS) (CBD) INCiTy OPENED
EMPLOYMENT

13. Seattle 1.8 120,000 1990 Bus tunnel is used by
articulated dual-mode trolley
and diesel buses.

14. Vancouver 2.1 130,000 v 1996 Broadway and Richmond “B-
Line” limited-stop BRT service
using distinctive low-floor
articulated buses.

AUSTRALIA

15. Adelaide 1.1 N/A v 1989 O-Bahn 7-mile guided busway
offers both express and local
service.

16. Brisbane 1.5 60,000 v 1990 South East Busway BRT with
attractive stations offers both
express and all-stop service.
Buses use CBD bus tunnels.

17. Sydney 1.7 400,000 v Under Liverpool-Parramatta BRT will

Construction | include busways, bus-only
roads, and stations. Service
pattern will provide both
express and all-stop routes.

EUROPE

18. Leeds 0.7 N/A 1995 “Superbus” guided buses

(UK.) bypass queues in Scott Road
Corridor and is under
construction in York and Selby
Road Corridor.

19. Rouen 0.4 N/A v 2001 Three-route optically guided

(France) buses use modern Irisbus
Civis “train-like” buses.

20. Runcorn 0.1 N/A 1973 “Figure 8” busway system is

(UK.) integrated with development in
planned New Town.

SOUTH AMERICA

21. Belo 22 N/A N 1981 Avenida Christiano Machado

Horizonte Median busway, with passing

(Brazil) capabilities at station.

22. Bogota 5.0 N/A 2000 23-mile, 4-lane “TransMilenio”

(Colombia) median busway with high-
platform center island stations,
where fares are paid, is served
by articulated buses.

23. Curitiba 1.6 N/A 1973 5 median busway system along

(Brazil) 5 structural axes is carefully
integrated with city
development. Bi-articulated
buses provide frequent rapid-
transit service to high-platform
stations, terminals. Express
(direct) service on nearby one-
way streets.

(continued)
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TABLE A-1 (continued)

CENTRAL
URBANIZED BUSINESS RAIL BRT
STATUS/
CITY AREA DISTRICT TRANSIT SYSTEM OVERVIEW
YEAR FIRST
POPULATION (CBD) IN CITY OPENED
(MILLIONS) - EMPLOYMENT
24. Porto Alegre 1.3 N/A N 1978 Four-corridor median busway
(Brazil) system uses bus-ordering
system to accommodate heavy
passenger and bus flows.
25. Quito 1.5 N/A 1996 Trolebus median busway
(Ecuador) system utilizes articulated, all-
electric, trolley buses and high-
platform stations with fare
prepayment.
26. Sao Paulo 8.5 Over 1.0 N 1975 Extensive busway system
(Brazil) million includes D-Julho and Sao
Mateua Sabaquara. Median
busways have staggered island
platform stations with passing
capabilities.

Source: Individual Case Studies.

(1) Country Population. (2) Excludes Hull, Quebec.




TABLE A-2 BRT system features
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URBANIZED DISTINCTIVE, OFF-
AREA RUNNING EASY-TO- VEHICLE FREQUENT,
CIty POPULATION FACILITY DESCRIPTION WAy STATIONS BOARD FARE ITS | ALL-DAY
SERVICE
(MILLIONS) VEHICLES COLLECTION
US/CANADA
1. Boston 3.0 Silver Line — Bus Tunnel, Lanes N N N N N N
2. Charlotte 1.1 Independence Blvd. Freeway N \
Busway
3. Cleveland 2.0 Euclid Ave. — Arterial Median \ \ \ N N
Busway
4. Eugene 0.2 Eugene-Springfield Arterial N N N N y V
Median Transit Corridor Phase 1
(East-West)
5. Hartford 0.8 New Britain—Hartford Busway N V N
6. Honolulu 0.9 City Express! and County N \ N N
Express! (Mixed Traffic)
7. Houston 1.8 High Occupancy Vehicle (HOV) \ N e
Lane System
8. Los 9.6 Harbor Freeway HOV/Busway N 3 N N V
Angeles San Bernardino Freeway
HOV/Busway
Wilshire-Whittier & Ventura
Metro Bus (Mixed Traffic)
9. Miami 23 Miami-S. Dade Busway N N \
10. New York 16.0 1-495 NJ, 1-495 NY, Gowanus v v v
City AM Contra-Flow Lanes
Arterial Limited Stop Service
11. Ottawa 0.7 Transitway System (Busway, N \ \ N
Bus Lanes)
12. Pittsburgh 1.7 South, East, West Busways \ v N
13. Seattle 1.8 Bus Tunnel N N N N
14. Vancouver 2.1 Broadway & Richmond “B” a R R \ \
Lines (Mixed Traffic)
AUSTRALIA
15. Adelaide 1.1 O-Bahn Guided Busway N 3 J
16. Brisbane 1.5 South East Busway N N N V
17. Sydney 1.7 Liverpool-Parramatta Busway — N d N d
Bus Lanes

(continued)
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TABLE A-2 (continued)

URBANIZED DISTINCTIVE OFF-
’ FREQUENT,
Crty AREA FACILITY DESCRIPTION RUNNING | oy \rions | EASY-TO- VEHICLE ITS | ALL-DAY
POPULATION WAY BOARD FARE
SERVICE
(MILLIONS) VEHICLES COLLECTION

EUROPE

18. Leeds 0.7 Superbus Guided Bus System b d \
(UK.

19. Rouen 0.4 Optically Guided Bus — Bus N N N g N N
(France) Lanes

20. Runcorn 0.1 Figure 8 Busway N 3 \
(UK.

SOUTH AMERICA

21. Belo 22 Avenida Christiano Median \ c J
Horizonte Busway
(Brazil)

22. Bogota 5.0 TransMilenio Median Busway N N N N N \
(Colombia)

23. Curitiba 1.6 Median Busway System N 3 V V V J
(Brazil)

24. Porto 1.3 Assis Brasil & Farrapos Median N d
Alegre Busways
(Brazil)

25. Quito 1.5 Trolebus Median Busway v R R N v J
(Ecuador)

26. Sao Paulo 8.5 9 De Julho & Jaraquara Median N f J
(Brazil) Busways

Source: Individual Case Studies.

Notes:

(a) Has a short median busway.
(b) Queue bypasses at congested locations.

(©)
(d)
(e)
®
(8

4 terminal stations.

Not specified.

Uses over-the-road coaches.
Median bus stops.

Limited.




TABLE A-3 Running way characteristics

Lanes

URBANIZED
CItY AREA FACILITY DESCRIPTION LENGTH NUK:ER Costs COMMENTS
POPULATION (MILES) | (MILLIONS)
TATIONS
(MILLIONS)
US/CANADA
1. Boston 3.0 Silver Line — Bus Tunnel, Lanes 10 $1.35US Full development
(includes subway)
2. Charlotte 1.1 Independence Blvd. Freeway Busway 29 0
3. Cleveland 2.0 Euclid Ave. — Arterial Median Busway 7.0 30 $220 US
4. Eugene 0.2 Eugene-Springfield Phase I East-West 4.0 N/A $11US Phase I
Corridor
5. Hartford 0.8 New Britain—Hartford Busway 9.6 12 $100 US
6. Honolulu 0.9 City Express! and County Express! 26.6 Excludes Country
(Mixed Traffic) Express! mileage
transit centers
7. Houston 1.8 High Occupancy Vehicle (HOV) Lane System . 111.0 $980 US
8. Los Angeles 9.6 Harbor Freeway HOV/Busway 11.8 9 N/A
San Bernardino Freeway HOV/Busway 12.0 3 $75.0US
Wilshire-Whittier (Mixed Traffic) 26.0 30 $5.0 US
Ventura Metro Bus (Mixed Traffic) 16.0 15 $3.3US
9. Miami 23 Miami-S. Dade Busway 8.2 15 $59.0 US
10. New York 16.0 1-495 NJ, I-495 NY, Gowanus 2.5 $0.7 US
City AM Contra-Flow Lanes 22 $0.1 US
Arterial Limited Stop Service 5.0 $10.0 US
11. Ottawa 0.7° Transitway System (Busway, Bus Lanes) 37.0 28 $435C
12. Pittsburgh 1.7 South Busway 43 $27 US
East Busway 6.8 $113 US
West Busway 5.0 $275 US
13. Seattle 1.8 Bus Tunnel 2.1 3 $450 US
14. Vancouver 2.1 Broadway “B” Line (Mixed Traffic) 11.1 14 $13C Includes cost for
Richmond “B” Line (Mainly Traffic) 9.8 N/A $46.9 C Richmond Center
Busway
AUSTRALIA
15. Adelaide 1.1 O-Bahn Guided Busway 7.4 3 $104 A
16. Brisbane 1.5 South East Busway 10.5 10 $400 A Stations on busway
exclude downtown
tunnel costs
17. Sydney 1.7 Liverpool-Parramatta Busway — Bus 19.0 35 $200 A 13 miles busway

6.0 miles bus lanes

(continued)
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TABLE A-3 (continued)

URBANIZED
City AREA FACILITY DESCRIPTION LENGTH NU?){: o Costs COMMENTS
POPULATION (MILES) | (MILLIONS)
TATIONS
(MILLIONS)
EUROPE
18. Leeds (U.K.) 0.7 Superbus Guided Bus System 0.9 N/A 1.35US
19. Rouen 0.4 Optically Guided Bus — Bus Lanes 28.5 61 200 US Costs for 2 main lines
(France) based on 12.2 million
per mile
20. Runcorn 0.1 Figure 8 Busway 14.0 56 15.0US Ya-mile spacing
(UK)
SOUTH AMERICA
21. Belo 22 Avenida Christiano Median Busway 5.6 15 N/A 200-ft stop spacing
Horizonte
(Brazil)
22. Bogota 5.0 TransMilenio Median Busway 23.6 59 184US Based on $8
(Colombia) million/mile
23. Curitiba 1.6 Median Busway System 37.2 139 410-ft stop spacing
(Brazil)
24. Porto Alegre 1.3 Assis Brasil Median Busway 3.6 10 1960-ft stop spacing
(Brazil) Farrapos Median Busway 33 9
25. Quito 1.5 Trolebus Median Busway 10.0 32 57.6US 1640-ft stop spacing
(Ecuador)
26. Sao Paulo 8.5 9 De Julho Median Busway 7.0 18 2000-ft stop spacing
(Brazil) Jaraquara Median Busway 13.0 34

Source: Individual Case Studies
Notes:

N/A —Not Available
A — Australian dollars
C — Canadian dollars
US -US dollars

* Los Angeles County only

® Excludes Hull, Quebec which brings population to over 1 million




TABLE A-4 Station characteristics (selected systems)

Busway — Bus Lanes

NUMBER A AVERAGE LENGTH IN FARE
CIty FACILITY DESCRIPTION OF STATION LOCATION FEET PASSING | PLATFORM | corpECTION
STATIONS | SPACING (Numser or | LANES HEIGHT
(PRE-PAYMENT)
(FEET) BusEs)
US/CANADA
1. Boston Silver Line — Bus 10 2,160 Side, Tunnel, 220 (3) Selected Low In Tunnel
Tunnel/ Lanes' Curb, Surface Tunnel
Stations
3. Cleveland | Euclid Ave. — Arterial 30 1,230 Median CBD (2) In CBD Low Possibly
Median Busway Side Elsewhere
4. Eugene Phase I East-West 8 2,400 Median 160 (2) Yes Low Yes
Corridor
5. Hartford New Britain—Hartford 12 4,220 Side 2) Yes Low No
Busway
7. Houston High Occupancy Vehicle N/A Off-line N/A N/A Low No
(HOV) Lane System
8. Los Harbor Freeway Busway 9 7,240 Side
Angeles
San Bernardino Freeway 3 21,000 Center
HOV/Busway
Wilshire-Whittier Metro 30 4,580 Curb General Low No
Bus Traffic
Lanes
Ventura Metro Bus 15 5,630 Curb Low No
9. Miami Miami-S. Dade Busway 15 2,890 Side (2-3) Yes Low No
10. New York | AM Contra-Flow Lanes 0 Side N/A Some Low No
City
11. Ottawa Transitway System 28 6,980 Side 180 Yes Low No
(Busway, Bus Lanes)
12. Pittsburgh | South, East, & West 21 4,200 Side 120-240 Yes Low No
Busways
13. Seattle Bus Tunnel 3 3,870 Side 2) Yes Low No
14. Vancouver | Broadway “B” Line 14 4,190 Side N/A Traffic Low No
(Mixed Traffic) Lanes
Richmond “B” Line N/A N/A Side N/A Traffic
(Mixed Traffic) Lanes
AUSTRALIA
15. Adelaide O-Bahn Guided Busway? 3 None Low No
16. Brisbane South East Busway 10 5,540 Side N/A Yes Low Ticket Machine
17. Sydney Liverpool-Parramatta 35 2,870 Curb N/A N/A Low No

(continued)
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TABLE A-4 (continued)

NUMBER | AVERAGE LENGTH IN FARE
CIty FACILITY DESCRIPTION OF STATION LOCATION FEET PASSING | PLATFORM | coLLECTION
StaTioNs | SPACING (BUSES) LanEs HElGHT (PRE-PAYMENT)
(FEET)
EUROPE
18. Leeds Superbus Guided Bus 3 N/A Island (1) No Low No
(UK)) System
19. Rouen Optically Guided Bus — 61 2,470 Curb or Island Limited Yes Low Some
(France) Bus Lanes
20. Runcorn Figure 8 Busway 56 1,320 Curb 2) Yes Low No
(UK.
SOUTH AMERICA
21. Belo Avenida Christiano 15 2,000 Side (1-4) Yes Low Some
Horizonte | Median Busway
(Brazil)
22. Bogota TransMilenio Median 59 2,110 Center Island 130-490 Yes High Yes
(Colombia) | Busway
23. Curitiba Median Busway System? 139 1,410 Side, Island 80 (1) Yes High Yes
(Brazil)
24. Porto Assis Brasil Median 10 1,000 Side N/A Yes Low No
Alegre Busway
(Brazil) Farrapos Median 9 1,000 Side N/A Yes Low No
Busway
25. Quito Trolebus Median 32 1,640 Side, Center (1) No High Yes
(Ecuador) | Busway
26. Sao Paulo | 9 De Julho Median 18 2,000 Side (2-3) Yes Low Some
(Brazil) Busway
Jaraquara Median 34 2,000 Side (2-3) Yes Low Some
Busway

Source: Individual Case Studies

Notes:

N/A —Not Available

! Four stations in tunnel, six on surface

2Three stations on guided busway

139 stations including 26 integration terminals
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TABLE A-5 Station features and amenities (selected systems)

CItY FACILITY FEATURES

1. Boston Silver Line Mezzanines in 4 tunnel stations with fare collection provisions. 6 curbside stations on
Washington Street have seating, information panels, telephones, trash receptacles, and
communications panel.

3. Cleveland Euclid Ave. Shelters, amenities, and possibly fare vending machines.

5. Hartford New Britain—Hartford Busway | Passenger drop-off areas, some park-and-ride. Full range of amenities, climate-controlled
buildings, restrooms, and telephones at major stations.

7. Houston Transit Centers Have extensive park-and-ride lots at stations.

8. Los Angeles

San Bernardino HOV/Busway
Wilshire-Whittier

Ventura Metro Bus

Circular island at El Monte Station, large park-and-ride lot there.
Major stations — double canopy, “Next Bus” display signs.

Other stations — single canopy shelter and bollards.

9. Miami South Miami-Dade Translucent, waterproof, fiber canopies; pay telephones; and benches.
10. New York 1-495 Bus Lane New Jersey buses use 200-berth Midtown Bus Terminal.
City
11. Ottawa Transitway System Passenger shelters, radiant heat, benches, telephones, television monitors announcing bus

arrivals.

12. Pittsburgh Busways Simple shelters, some with telephones.

13. Seattle Bus Tunnel Architectural features such as murals/clocks.

14. Vancouver B-Lines Well-lit, distinctive shelters; real-time electronic bus information displays; customer
information signage.

15. Adelaide On Guided Busway Protected shelters; bicycle access/storage; short-/long-term parking.

16. Brisbane

South East Busway

Architecturally distinctive designs, passenger protection, elevators and stairs, covered
pedestrian bridges over busway, real-time passenger information, displays, ticketing
machines, public telephones, passenger seats, drinking fountains, retail kiosks, public
restrooms, security systems.

17. Sydney Liverpool -Parramatta Busway — | Real-time passenger information, lighting, and security cameras.
Bus Lanes
20. Rouen Optically Guided Bus Lanes Most stations are simple bus shelters; some have ticketing provisions.
22. Bogota TransMilenio Similar to rapid-transit station in design; fare payment provisions; high platform.
23. Quito Trolebus Tube-like shelter at stations; off-vehicle fare collection; high platform.




TABLE A-6 Vehicle characteristics (selected systems)
CIry FACILITY VEHICLE TYPE PROPULSION LEVEL No. oF | Doors DISTINCTIVE
BOARDING DOORS | SIDE COLOR/LOGO
US/CANADA
1. Boston Silver Line Articulated Dual Mode- R 3 Right
Trolley &
CNG
2. Cleveland : Euclid Ave. Articulated Diesel-Electric V 3 Both
Hybrid
4. Eugene Phase I East-West Articulated Hybrid \/ 4 Both Futuristic
Corridor Electric Vehicle
6. Honolulu | City Express! And Articulated \/ 3 Right Rainbow Wrap
Country Express!
7. Houston HOV Express Buses Over-the-Road Coaches, Diesel 1 Right
Articulated
8. Los Wilshire-Whittier- Standard CNG \/ 2 Right Red Colored
Angeles Ventura Buses
9. Miami South Dade Busway Mini/Standard/Articulated | CNG, Diesel Some 2 Right
11. Ottawa Transitway Articulated/Standard Diesel Some 2-3 Right
12. Pittsburgh | East-South-West Articulated/Standard Diesel Some 3 Right
Busways
13. Seattle Bus Tunnel Articulated Dual Mode \/ 3 Right
Trolley/Diesel
14. Vancouver | Broadway/Richmond Articulated Diesel v 3 Right Distinctive
Stripes
AUSTRALIA
15. Adelaide | Guided Busway Articulated Diesel 2 Left
16. Brisbane | South East Busway Standard CNG/Diesel N 2 Left
EUROPE
18. Leeds Superbus Guided Bus Standard Diesel Some 1-2 Left
19. Rouen “Teor” System Articulated Civis-Irisbus N 4 Right Distinctive
Hybrid-Diesel | ehicle
Electric ppearance
and Design
20. Runcorn | Figure 8 Busway Regular Diesel 2 Left
SOUTH
AMERICA
21. Belo Avenida Christiano Standard Diesel
Horizonte | Machado
22. Bogota TransMilenio Articulated Diesel V? 3 Left Red Bus
Double Special Bus
Width
23. Curitiba Busway System Bi-articulated Diesel \° 5 Double | Distinctive
Width
Right Red Color
24. Porto Assis Brasil Farrapas Articulated Diesel
Alegre
25. Quito Trolebus Articulated Trolley with Diesel engines V2 3 Right Distinctive
Auxiliary Rainbow Wrap
26. Sao Paulo | 9 de Julio Double-Deck, Standard, Trolley 2-3 Both
Articulated Diesel
Jaraquara Varied Trolley/Diesel 2.3 Both

Source: Individual Case Studies.

* High-platform loading.




TABLE A-7 Application of I TS technologies (selected systems)
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AUTOMATIC TELEPHONE PASSENGER INFORMATION REAL-TIME TRAFFIC
VEHICLE AUTOMATED STATION
City SYSTEM LOCATION INFO/ ANNOUNCEMENTS ON INFO. AT SIGNAL
(AVL) STATIONS VEHICLE STATIONS | PRIORITIES
US/CANADA
1. Boston Silver Line \ R N N
2. Charlotte Independence Corridor v v
3. Cleveland Euclid Ave.
4. Eugene Arterial Median Transitway \/
5. Hartford New Britain—Hartford Busway v v
8. Los Angeles Wilshire-Whittier & Ventura BRT N J
9. Miami Miami-S. Dade Busway R Removed
11. Ottawa Transitway v v N
Selected
Locations
12. Pittsburgh South-East-West Busways v Some Buses
14. Vancouver Broadway and Richmond “B” Lines \/ N N \/
AUSTRALIA
16. Brisbane South East Busway N \/ N
17. Sydney Liverpool-Parramatta BRT \/ N
EUROPE
19. Rouen Optically Guided Bus N v
With Special
Bus Signals
SOUTH AMERICA
22. Bogot4! TransMilenio v
23. Curitiba Median Busway System N

Source: Individual Case
Note: ' GPS and Control

Studies.
Center.



TABLE A-8 Service patterns

OPERATES LocAL Bus
cIty SYSTEM ON EXPRESS ALL LIMITED SERVICE FEEDER
FAcCILITY Stops Stops (SAME SERVICE
ONLY STREET)
US/CANADA
1. Boston Silver Line Bus Tunnel & Lanes N v
2. Charlotte Independence Blvd. Freeway Busway N
3. Cleveland Euclid Ave. — Median Arterial Busway @ N N
4. Eugene Arterial Median Transitway N \/ \/
5. Hartford New Britain—Hartford Busway N V V
6. Honolulu City Express! and Country Express! N \/
Mixed Traffic
7. Houston High Occupancy Vehicle (HOV) Lane v
System
8. Los Angeles Harbor Freeway Bus & HOV Way \/ N
San Bernardino Bus & HOV Way N
Metro Bus — Wilshire-Whittier & N \/
Ventura Blvds.
9. Miami S. Miami-Dade Busway N R v
10. New York Contra-Flow AM Bus Lanes N
City Arterial Limited-Stop Routes v N N
11. Ottawa Transitway v v N
12. Pittsburgh South-East-West Busways v v v
13. Seattle Bus Tunnel v v
14. Vancouver Broadway “B” Line (Mixed Traffic) N N N
Richmond “B” Line (Mixed Traffic) N v v
AUSTRALIA
15. Adelaide 0-Bahn Guided Busway \/ \/
16. Brisbane South East Busway \/ \ \/
17. Sydney Liverpool-Parmatta Busway Bus Lanes v v v
EUROPE
18. Leeds Guided Bus System N
19. Rouen Optically Guided System Bus Lanes N \/
20. Runcorn Figure 8 Busway v
SOUTH AMERICA
21. Belo Horizonte | Avenida Christiano-Median Busway N N
22. Bogota TransMilenio Median Busway N \ N \/
22. Curitiba Median Busway System 3 VO v v
23. Porto Alegre Assis Brasil Median Busway v v
Farrapos Median Busway N v
24. Quito Trolebus Median Busway \/ 3 N
25. Sao Paulo 9 de Julio Median Busway N R
Jabaquara Median Busway N R

Source: Individual Case Studies.
M Operates on nearby one-way streets.

@ Under anticipated operating plan.



TABLE A-9 Passenger volumes, bus flows, and speeds (selected systems)

City FACILITY (SYSTEM) WEE?;;;;SBUS AM PES::EHC(;:J(I:;PEAK- SPEEDS (MPH)
BUSES RIDERS EXPRESS ALL STOP
US/CANADA
1. Boston Silver Line Bus Tunnel/Lanes 40,0001
78,000 75© 4,500
2. Charlotte Independence Blvd. Busway 1,000?
3. Cleveland Euclid Ave. Median Busway 29,500 12
5. Hartford New Britain—Hartford Busway 20,000 2024 1,000+ 38 32
6. Honolulu Route A City Express!
Route B City Express! 11,0009
Route C Country Express!
7. Houston HOV System KATY 9,115 48 2,100 540D
1-45 North 13,980 63 3,300 54
Northwest 6,180 34 1,500 54
Gulf 6,685 21 1,200 54
Southwest 8,900 54 54
Eastex 4,500 22 1,150 54
8. Los Angeles Harbor Bus HOV Way 9,600 40 1,800 35
San Bernardino Bus HOV Way 18,000 70 2,750 43
Wilshire-Whittier Metro Bus 40,000” 30 1,500 14
Ventura Blvd. Metro Bus 9,000 15© 750 19
9. Miami Miami-S. Dade Busway 12,000 20© 800 © 18 12-14
10. New York City | 1-495 (NJ) Contra-Flow Lane 6508307 25,000— 35
35,0007
1-495 LI Exp. Contra-Flow Lane 125 5,240
1-278 Gowanus Contra-Flow Lane 175 6,180
Limited Stop Service — Arterials 8-14
11. Ottawa Transitway System 200,000 180-200 10,000 50 24
12. Pittsburgh South Busway 13,000 50 2,000 40 30
East Busway 28,000 110 5,400 40 30
West Busway 7,000 40 1,700 40 30
13. Seattle Bus Tunnel 46,000 70 4,200 13
14. Vancouver Broadway “B” Line 26,000 15 1,000© 14
Richmond “B” Line 14,000 15 1,000 14

(continued)
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TABLE A-9 (continued)

AM PEAK-HOUR, PEAK-
i SPEEDS (MPH
City FACILITY (SYSTEM) WEI;?;;;:SBUS DIRECTION ( )
BUSES RIDERS EXPRESS ALL SToP
AUSTRALIA
15. Adelaide 0O-Bahn Guided Busway 30,000 4,000
16. Brisbane South East Busway 60,000 150 9,500
17. Sydney Liverpool-Paramatta Busway/Lanes 18,000
SOUTH AMERICA
21. Belo Horizonte Avenida Christiano Machado 1,500,000 16,000 17
Median Busway Systemwide
22. Bogota TransMilenio Arterial Median 800,000 9 27,000 % 19 13
Busway
23. Curitiba Median Busway System 340,000 40 11,000 19 12
24. Porto Alegre Assis Brasil Median Busway 290,000 326 26,100 11-14
Farrapos Median Busway 235,000 3047 17,500 12-14
25. Quito Trolebus 150-170,000 40 8,000 11-12
26. Sao Paulo 9 de Julio Median Busway 196,000 220+ 18-20,000 12
Jabaquaro Median Busway 230,000 21,600 14

Source: Individual Case Studies.

Notes:

M Values in parentheses for Phase I

@ Based on 15,700 monthly riders

® Year 2000 ridership

“ Based on 300,000 riders per month

G)BRT Service only — total daily riders on Wilshire approximate 100,000

©BRT Service only — total daily riders approximate 14,000

O Facility operates only during AM Peak period

® 45,000 total peak riders on system
82) Daily traffic with planned extension; about 600,000 existing riders.
@) peak hour, peak direction

@ PM Peak hour

19 Based on 70 million riders per year

D Overall speeds including downtown distribution — about 25-30mph

© Estimated




TABLE A-10 Reported travel time savings compar ed with pre-BRT
Travel Time (Min) Travel Time Savings
City Facility Before After Re d:/: tion g&:ﬁl) Min/Mile Comments
US/CANADA
Charlotte Independence Blvd. Freeway 5-15 1.7-5.1
Busway
Cleveland Euclid Ave. — Median Arterial 41 32.75 20 8.25 1.2 Anticipated
Busway
Eugene Arterial Median Busway 27 15 46 12 3 Peak Direction
Hartford New Britain—Hartford Busway 34.6 20.1 42 14.5 1.5 Anticipated
Honolulu City Express! 35 20 43 15 2.3 Phase I
Houston HOV System — Addicks 45 24 47 21 1.1
Park/Ride
Northwest Park/Ride 50 30 40 20 2.5
Los Angeles San Bernardino HOV Busway 48 17 38 31 2.6 3-Person HOV
Wilshire-Whittier Blvd. Metro 76 55 28 21 1.5 14 Miles
Bus
Ventura Blvd. Metro Bus 56 43 23 13 0.9 14 Miles
New York City [-495 Contra-Flow Lane (NJ) 18 72 AM Inbound
1-495 L/E Contra-Flow Lane 15 7.5 Only
(NY)
1-278 Gowanus Contra-Flow 20 4.0 Queue Bypass
Lane
Arterial Limited-Stop Service 0.9 Range by
(25 Routes) Borough 0.5-1.9
Pittsburgh South Busway 6-11 1.4-2.6
East Busway (Busway Service) 51-54 30 4144 21-24 3.1-3.5  EBA Route
West Busway 25-26 5-5.2 AM Inbound
Only
Seattle Bus Tunnel 15 10 33 5 2.4
Vancouver Broadway "B" Line 3-10 0.4-0.9
Richmond “B” Line 10 1.0
AUSTRALIA
Adelaide O-Bahn Guided Bus 40 25 38 15 2
Brisbane Southeast Busway 2 Estimated
Sydney Liverpool-Parmatta Bus 60 3.1 Maximum
Expected
EUROPE
Leeds Superbus - Guided Bus (AM peak) 3 10.7 450M Guideway
Superbus - Guided Bus (PM peak) 5 10.0 800M Guideway
Superbus - Guided Bus (AM peak) 10 Total System
SOUTH AMERICA
Bogota TransMillenio 32
Porto Alegre Farrapos Arterial
Median Busway 24 17 29 7 2.1

Source: Individual case studies
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TABLE A-11 Reported increasesin busriders (selected systems)

CITY FACILITY DESCRIPTION

US / CANADA

Charlotte Independence Blvd. Freeway Busway Monthly ridership increased from 10,100 to 15,700,
a 55% increase, since January 1999.

Cleveland Euclid Ave. Median Arterial Busway Estimated increase due to BRT from 26,100 to
29,500 per day, or 13%.

Hartford New Britain—Hartford Busway Half of estimated 20,000 daily riders expected to be
former motorists.

Honolulu City Express! and Country Express! Monthly ridership grew from 100,000 to 300,000
from 1999 to 2001.

Houston Expressway HOV/Busway 18% to 30% of riders did not make the trip before.
Up to 72% of riders were diverted from
automobiles.

Los Angeles Wilshire-Whittier and Ventura Metro 26% to 33% gain in ridership. 1/3 of these were

Bus riders who made the trip more often, 1/3 were new
riders, and 1/3 were diverted from other corridors.

Miami Miami-South Dade Busway 50% initial ridership gain after service expansion.

Ottawa Transitway System Transitway ridership grew 6% from 1998 to 1999.
System helps achieve a peak-hour CBD mode split
of 70%.

Pittsburgh East Busway Riders on East Busway grew from 21,000 in 1983 to
29,000 in recent years (38% increase). In 1983,
1,900 new riders were attracted to the busway; 11%
of riders on new routes and 7% on diverted routes
had previously used automobiles.

Vancouver Broadway-Lougheed “B” Line 8,000 new riders when service started. 20%
previously used automobiles, 5% represented new
trips, and 75% were diverted from another bus line.

AUSTRALIA

Adelaide Guided Busway System Ridership grew from 4.2 million in 1986 to
7.4 million in 1996 (76% increase) at a time when
regional transit ridership declined by 28%.

Brisbane South East Busway 42% gain in ridership from May-October 2001.
375,000 fewer annual private vehicle trips.

EUROPE

Leeds Superbus Guided-Bus System Over 50% reported ridership growth in first
2.5 years.

SOUTH

AMERICA

Curitiba Median Busway System Ridership has grown with system expansion and city
growth, from 400,000 daily transit trips in 1982 to
1,900,000 in 2001. 27 million fewer automobile
trips annually.




TABLE A-12 Development costs of selected BRT systems

Cost Cost/
CITY / FACILITY Miles | ($Million) Mile Notes
($Million)

BUS TUNNELS
Boston — Silver Line 4.1 1,350 329 Includes bus lanes
Seattle 2.1 450 214
BUSWAYS
Hartford 9.6 100 10
Houston — HOV System 98 980 20
Los Angeles — San Bernardino
Freeway 12 75 6
Miami 8.2 59 7
Ottawa 37 293 8
Pittsburgh — South Busway 4.3 27 6

East Busway 6.8 130 19

West Busway 5 275 55
Adelaide (Guided Bus) 7.4 53 7
Brisbane 10.5 200 19 Excludes cost of downtown bus

tunnel built before busway

Liverpool-Parramatta 19 100 5
Runcorn 14 15
FREEWAY REVERSIBLE LANES
New York —I-495 New Jersey 2.5 0.7 0.3

1-495 New York 2.2 0.1 0.1

1-278 Gowanus 5 10 2 Involves freeway reconstruction
ARTERIAL STREET MEDIAN BUSWAYS
Cleveland 7 220 29
Eugene 4 13 32
Bogota 23.6 184 8
Quito 10 57.6 6
Belo Horizonte 1.6 Excludes buses and terminals
MIXED TRAFFIC/CURB BUS LANES
Los Angeles 42 8.3 0.2
Vancouver — Broadway 11 9 1
Richmond 9.8 44 4.1
Leeds (Guided Bus) 2.1 5 24
Rouen (Optically Guided Bus) 28.6 200 7

Note: All costs are listed in U.S. dollars.
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APPENDIX B
CASE STUDIES

Appendix B includes 26 case studies of BRT systemsin  available on CRP-CD-31, which accompaniesthisvolume of
North America, Australia, Europe, and South Americaandis ~ TCRP Report 90: Bus Rapid Transit.



Abbreviations used without definitions in TRB publications:

AASHO
AASHTO
APTA
ASCE
ASME
ASTM
ATA
CTAA
CTBSSP
FAA
FHWA
FMCSA
FRA
FTA
IEEE
ITE
NCHRP
NCTRP
NHTSA
NTSB
SAE
TCRP
TRB
U.S.DOT

American Association of State Highway Officials
American Association of State Highway and Transportation Officials
American Public Transportation Association

American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Institute of Electrical and Electronics Engineers
Institute of Transportation Engineers

National Cooperative Highway Research Program
National Cooperative Transit Research and Development Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Society of Automotive Engineers

Transit Cooperative Research Program
Transportation Research Board

United States Department of Transportation
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