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TOMORROW'S TRANSPORTATION
NEW SYSTEMS FOR THE UREBAN FUTURE




“In the next 40 years, we must completely renew our
cities. The alternative is disaster. Gaping needs must
be met in health, in education, in job epportunities, in
housing. And not a single one of these needs can be fully
met until we rebuild our mass transportation systems.”

LYNDON BAINES JOHNSON







TO THE CONGRESS OF THE UNITED STATES!

T am transmitting today a report on the study of new
systems for urban transportation, entitled

"Tomorrow’s Transportation: New Systcins for
the Urban Furure.

Undertaken by the Secretary of the Department of
Housing and Urban Development in accordance with the
Urban Mass Transportation Amendments of 1966, the
study has involved research and analyiic efforts over a
period of 18 months. It has explored areas of
transportation research and development (o ease the
problems of Americans who live in or commute
to work in cities.

The report identifies research and development which
offers promising prospects for iransportation tmprove-
ments in our cilies in the near future. It suggests a longer
term program of research and development, concentrated
in areas of greatesi promise and benefit.

I commend the report for study by the Congress and
the concerned Federal, State and local agencies.
It provides a good foundation fov decisions upon the
program of research and development required to
develop the needed new systems of transportation for
our crowded metropolitan areas.

THE WHITE HOUSE,
May, 1968

ix




@:H‘ENT O_p

Q\i"
I|l|||| ‘aﬂ“

&
r3p30 w®

o‘b

o""b’ Bﬂ\gi‘

<

W

u.g

wul
eﬁ—

11.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

Robort G. Weaver, Secretary
Robert C. Wood, Under Secretary

‘This report was prepared under the direction of

Charles M. Haar
Assistant Secretary for Metropolitan Develupment

Leon Monroe Cole, Editor
Harold W. Merrict, Technical FEditor




foreword

THE FOLLOWING REPORT 15 A SUMMARY of the recommendatious
for a comprehensive program f[or national leadership in re-
search, development and demonstration in all aspects of urban
transportation and of the basis upon which it was formulated.
‘l'he study and its recommended action proposals were pre-
pared in consuliation with the Secretary of Transportation,
under the leadership of Charles M. Haar, Assistant Secretary
for Metropolitan Development of this Department. The in-
sight and perception of the nature of urban problems shown by
Assistant Secretary Haar and the staff which assisted hun have
resulted in the design of a program ol research and develop-
ment which could beneficially affect very aspect of urban lifc
for many years, The recommended program involves not only
new systemns for mecting urban travel needs ranging [rom those
of the pedestrian to those of the air traveler, but also improve-
ments in existing scrvire and facilities, new and improved sys-
tem components, and new and improved methods of planning
and operating urban transportation systems.

Throughout, our concern has been 10 relate technology and
scientilic innovation as closely as possible to the present and
desired shape of our citics and the improved quality of lile of
urban residents. ‘T'he role of the recommended program is
stressed us only one of a number of 1ools needed to bring better
cities into existence in the future through an orderly process of
ameliorating the urban difficulties of the present. While urban
transportation research, development and demonstration alone
cannot solve our current urban problems or bring about our
desired future cities, it is an indispensable instrument for our
efforts to reach these goals.
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‘This report should be viewed as a [irst major cffort to formun-
late a comprehensive urban transportation research, develop-
ment and demonstration program. The program, its focus and
objectives, will evolve as it is carried out. This cvoludion must
be consonant with research, development, demonstration and
implementation programs in all aspects of urban service, facil-
ities and development. It is onr hope that we have been as
successful in our eHort as the Congress was farsighted in re-
questing that this effort be undertaken.

Hlart

ROBERT €. WEAVER
Secretary of Housing and Urban Develupment
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summary

THE SECRETARY OF HOQUSING AND URBAN DEVELOIMENT Was
directed in 1966 by Section 6(b) of the Urban Mass L'rans-
portation Act of 1964, as amended] to

. undertake a project to study and prepare a program of re-
search, development, and demonstration of new systems of urban
transpottation that will carry people and goods within metro-
pelitan arcas speedily, safely, without polluting the air, and in a
manner that will contribule to sound city planning.

This report summarizes the findings of the “ncw systems’”
study. The study reflects the concern of the Department of
Housing and Urban Development for cities and their people,
as well as for their transportation. For assistance in performing
the study, the Department engaged 17 contractors from
industry, scientific research centers, universitics and the foun-
dations over an 18-month period. Economists, cngineers, scien-
tists, technicians, urban planners, systems analysts, manage-
ment consultants, and transportation experts were cmployed.
The results of their cfforts and a recommended research and
development program are surnmarized here. A series of more
detailed technical reports, containing the specific findings of
the contractors, will be forthcoming.

In brief, the study found that progress in urban transporta-
tion technology, rudimentary today, could ncverthcless be
greatly enhanced and accelerated by vigorous leadership of the
Federal Government—in cooperation with the private indus-
tries concerned—using a systematic, carefully designed, and
reasonably funded research and development program as the
major guiding stimulus.
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The capacity and the capabilities of American industry and
private cnterprise stand ready. The scientific and technical
manpower needed for inereased research and apalysis in the
field of urban transportation is available., But a stimulus is
necded to progress, to prevent fulure neglect of intraurban trans-
portation technology and systems, and to develop means by
which this progress can contribute to the quality of urban life.

A part of this report examines the promise of existing tech-
nologies to improve present urban transportation systems. It
identifies some exciting short-run improvements that could be
undertaken. But beyond immediate improvements, this report
projects a continuing research and development effort which
could turn innovation into application, and accelerate transit
technology in a careful and deliberate, rather than accidental,
way.

The research and development program recommended as
a result of the new systems study entails a total program funding
of $980 million. This timc-phased program could continue and
accelerate the $25 million program contained in the President’s
fiscal year 1969 budget. It would involve these areas: Improved
analysis, planning, and operating methods; immediate system
improvements; components for future systems; and the develop-
ment of entirely new systems for the future.

The recommendations maintain these major objectives for
using the transportation system to enhance and improve the
total city system: To achicve equality of access to urban educa-
tional, job, and cultural opportunities; to improve the quality
of transit services; to relieve traffic congestion; to cnhance
cfficiency in the usc of equipment and facilities; to achieve
more efficient urban land use; to provide cleaner, quicter, and
more attractive public transportation ; to provide more alterna-
tives to urban residents in mode and style of urban living; and to
permit orderly improvement of urgent transportation problems
without preempting long-range solutions for the future.

Nearly 300 projccts and proposals having immediate apphi-
cation possibilities were examined and evaluated. For example,
to improve buses these possibilities were studied: Exclusive
bus lanes; traffic flow control; passenger-activated traffic con-
trol; computer scheduling; better design of vehicles; and a
dual mode bus that could operate on ordinary sireets or
high-speed rights-of-way. Similarly, recommendations were
examined for improving intraurban rail systems, urban auto-
mobiles, and the options and opportunities for pedestrians.

Other proposals of more general application were considercd
to improve lare collection methods, sccurity of passengers and
operators, methods for communicating station and passcager
information, and, of particular significance, management and
operation of urban transit systems.

For the longer-termn future, the new systems study found
many promising technologies which should be further explored,
such as: Automatic controls for vehicles and entire movement
systems; new kinds of propulsion, energy and power transmis-
sion; new guideway and suspension components; innovations
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in tunneling; and the application of these potentials for move-
ment of goads as well as peaple.
The more promising of these new systems are:

® Dial-a-Bus: A bus type of system activated on demand of
the potential passengers, perhaps by telephone, after which a
computer logs the «calls, origins, destinations, location of
vehicles and number of passengers, and then selects the vehicle
and dispatches it.

® Personal Rapid Transit: Small vehicles, traveling over exclu-
sive rights-of-way, automatically routed from origin to destina-
tion over a network guideway system, primarily to serve low- to
medium-population density areas of a metropolis.

® Dual Mode Vehicle Systems: Small vehicles which can be
individually driven and converted from strect travel to travel
on automatic guideway nctworks.

® Automated Dual Mode Bus: A largc vehicle system which
would combine the high-spced capacity of a rail system operat-
ing on its private right-of-way with the flexibility and adapta-
hility of a city bus,

® Pallet or Ferry Systems: An alternative to dual moede vehicle
systems is the use of pallets to carry (or ferry) conventional
automobiles, minibuses, or freight automatically on high-speed
guideways.

® Fast Intraurban Transit Links: Automatically controlled
vchicles capable of operating either independently or coupling
into trains, serving metropolitan area travel needs between
major urban nodes.

® New Systems for Major Activity Centers: Continuously
moving belts; capsule transit systems, some on guideways, per-
haps suspended abave city streets.

The components and systems discussed in this report do not
by any means exhaust the rich array of opportunities for innova-
tion in urban transportation provided by the new systemns
study, as the forthcoming technical reports will indicate. The
recommended research and development program, projected
as it is into the future, is susceptible to modification as further
knowledge is gained.







tomorrow’s transportation

NEW SYSTEMS FOR THE URRBAN FUTURE
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... The Sceretary shall undertake a project to study and
preparc a program of research, development. and dem-
onstration of new systems of urban transportation that
will carry people and goods within metropolitan areas
speedily, safely, without polluting the air, and in a man-
ner that will contribute to sound city planmng. The
program shall {1) concern itsell with all aspects of new
systems of urban transportation for metropolitan areas
of various sizes, including technological, financial, eco-
nomic. governmental, and social aspects; (2) take into
account the most advanced avatluble technologies and
materials; and {3} provide national leadership to efforts
of States, Tocalities, private industry, universitics, ancl
foundations.

1966 Amendments to 1he URBAN MASS TRANSFORTATION

AcT or 1964, Scction 6 ().

Lihrary of Congress Catalog Number 68-6130H)

Far gale by tlwe Superintendent of Doooeents, U8, Gaveronent Printing (e
Washington, DL 20402 - Price $1.73
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urbanization and urban
Lransportation

vrBAN AMERICA will double in the next 40 years, growing as
much in that time as all of American urban growth siuce the
landing of the Pilgrims, In that short period, the needs of older
cities must be met at the same time that more than 100 million
additional persons will be lving in the Nation’s metropolitan
areas. The question Lacing governments at every level, private
industry, and the public, is not whether provisions can be made
for this massive and complex growth, Houses will be built—as
will xchools, hospitals, libraries, airports, water and sewer sys-
tems, roads, shopping centers, and office buildings. Of this there
can be no doubt. What is in doubt is the shape and substance
ol citiey and their oppertunitics; Le., the quality of urhan life.

The form and quality of future cities is affected by many
factors:  Local administration, intergovernmental  relations,
municipal Minanee, private investment, water and scwer and
other public facilities, and—basically- -by urban transporta-
tion. "T'he life of a city depends upon its transportation system.
Inefiicient transportation services inerease the costs of local in-
dusiry and commerce. They rob citizens of their time and com-
fort. They penalize especiaily the poor and the handicapped.

An 18-month study—the first truly comprehensive official
look 2t urban transportation in the light of modern technologi-
cal capabilities to deal with modern urban problems-—was au-
thorized by Section 6{bY of the Urban Mass Transportation
Act of 1964, as amended in 1966, This report summarizes the
findings of that “new systems™ study  a systematic investiga-
tion of the possibilities for technological “breakthroughs™™ in
urban transportation rescarch comparable to those accom-
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plished in the fields of medicine, atomic energy, and aerospace
technology.

The study brought some of the finest rescarch skills avail-
able—in government. industiry, universities, research centers,
and the foundations- together with cxperts possessing years of
experience in dealing with urban transportation problems.
Thus, traditional approaches were combined with new methods
of tesearch and systerns analysis used successfully in the acro-
space and defense industries. Working together, this unique
tcamn was able to explore urban transportation possibilitics as
never before, and to winnow fact from popular fiction. The
improvements and new systems presented in this report also
show Lhe great potential benefits possible through combining
technical advances with social service.

To help future urban transportalion systems plity a more
active part in changing the city and the quality of urban life,
cight general problems cndemic to cities taday were identified,
against which total benefits anticipated from new transporta-
tion systems and subsystems could be measured s u guide to
recommending an optimal research and development program.
These cight problem ureas are:

® Equality of Access to Urban Opportunity: Present urban
transportation tends to immobilize and isolate nondrivers: The
poor, secondary workers - one-car familics, the voung, the
old, and the handicapped.

® Quality of Service: Public transit service too often is char-
acterized by cxcessive walking distances to and from stations,
poor connections and transfers, infrequent service, unreliabil-
ity, slow speed and delays, crowding, noise, lack of comfort, und
a Jack of information for the rider’s use. Moreover, passengers
too often are exposed Lo dangers to personal safety while await-
ing service. These deficiencies lead 10 a loss of patronage and a
further decline in service for the remaining passengers.

® Congestion: Congestion results in daily loss of time to the
teaveler. Tao often “solutions” are expensive in dollars and
landtaking, destroving the urban environment in the process.

® Eficient Use of Equipment and Facilities: Increased effi-
ciency and greater economy through better management and
organizational techniques—ineluding cost control, scheduling
and routing, experimentation in marketing and new routes—is
necessary to satisfy urban transportalion requirements al mini-
mum cost.

® Eficient Use of Land: Transportation funcuons and rights-
of-wav require extensive amounts of urban lund, and compete
with other important uscs of the urban land resource. More ra-
tional urban Tand use made possible by new forms of transpor-
tation might help reduce travel demands, aid in substitutmg
comnumications for urban transportation. and achicve greater
(otal transportation services for the amounts of land required.
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Uvban Davel by chavaelevized by a lavge nnmbey of
frifis ceHB any vaviations in trip lenpths and highly
diversied origing and destinations,

® Urban Pollution: Air, noise, and esthetic pollution from all
current modes of urban transportation ace far too high, degrad-
ing unnecessarily the quality of the urban environment.

® Urban Development Options: Transportation investments
can be used creatively in the orderly development of urban
arcas. Present urban transportation is often not appropriate for
the modern city: Service is generally inadequate or unavailable
for low and medium density areas, Tor crosshaul trips and re-
verse comimuting, and for circulation within acrivity centers
and satellite cities. Urban transportation service should provide
for choice in diving styles and in locations as well as chojce
among modes af transportation. New town scttlements, as well
as other concentrations of urban growth, could be feasible
options for land development patterns with improved intra-
urban transportation services.

® Institutional Framework and fmplemeniation: An im-
proved institutional framework. egal, financial, governmental
and intergosvernmental-—is needed to climinate rigidities and
anachronisms which prevent the adoption of new technologies
and methods, A framework which would assist metropolitan
planning agencies and would enhance the effective coopcration

of local governments in solving joint transportation problems is
necessary,

since the new systems study considered urban transporti-
tion to be not an independent function but i basic component
of the entire urban complex, the changing urban context of
transpartation was examined. As eitics grow in pepulation and
geographic size. their internal structure ako changes, creating
new and shifting patterns of urban travel demand. Fo keep
pace with these changes, woservice such as urban Lrimsportation
nast change alsa.

Major lailings of the entire urban tramspartation svstem
todlay arc lack of hoth change and the capacily for change,
resulting in a restricted choice of ways for people to get around
the city and the metrapolitan area. The common characteriza-
tion of urban transportation modes as a blunt dichotorny be-
tween public radl trunsit and the private auntomobile is far too
simple, Cities are the most pluralistic places in mocdern soiery
their citizens necd a wide range of travel service, a mix of
transportation services carcfully designed to meet their varving
travel needs.

The profiles of urban change, and some of the shortcomings
of present urban transportation, are delineated in the following
pages as an introduction to what must be done to develop new
transportation components and svstems for the [uture. While
new “hreakthroughs™ in transportation svstems and serviees
are-the ultimate aim. a sound research and development pro-
gram must hegin with present problenis, availuble resources,
and current behavior. Hence, a part of this report eximines
the promise of existing technologies to improve preseut trans-
portation systems. Some exciting short-run improvements are

!



mn | what should be done

FINDINGS AND CONCLUSIONS

THE EXTENSIVE SFRIES OF STUDIEsS conducted by the Depart-
ment of Housing and Urban Development during the past
months in conrultation with the Deparument of Transporeation,
has viclded signifteant conclusions for the futuee of urban trans-
portation, and for the future of cities und their peaple. In the
bricfest form they are:

I Immediate  and  sigmificant  englucering  improvements
n automotive, bus. subway, and commulter train transporta-
tion arc both possible iund overdue, some of which require and
nwerit Federal technical aid and financial stmmlus.

2. Existing modes of urban transportation can be improved to
serve urban goals and rider demands more effectively, through
hetter wse of regulation, pricing, education, management, and
planning. Such improvements, in many cases, will TRQUIEe TC-
search, development and demonstration funds.

3. LFven with engineering Improvements and optioal man-
agement and utilization, present modes of urban trimspor-
tation arc inadequate to mect total future wrban needs. The
svatems today  chicfly auwtomotive, bus, and train - onginated
more than 30 years ago. They alone cannot provide the best
solutions to foreseeable tnip demands, changing uchan patterns
and rising standards for quality of the wban environment. A
careful balance must be struck, in cach metropolitan area and
for the urban transportation industey as 1 whole, hetween
upmedinte improvements and the fundamental development of
NewW STstems.

-
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A STRATEGY FOR ACTION

4. Tneremental improvements in existing mndes, as well as the
development of new systems of urban transportation, will
require better coordination of land use planning and transpor-
tution investments. Fxisting urban transportation planning too
often does not identify the full range of transportation alterna-
tives available, and lails 1o allow {or efficient accomimodation
of improved systems in the future. Better planning methods will
not only help to amelivrate urban transportation difficultics,
but also will aid n achieving national goals for American cities.

The new svstems study has produced a rich array of oppor-
tunities for improvements in urban transportation worthy of
continued and intensified research and development. Thesce
opportunities can be grouped into two broad categorics: Tech-
nological possibilities, or “hardware™ components and systems
worthy of further study and demonstration; and, improvements
in the analyvsis of and planning for urban transportation and
cilies, along with improved operating and management pro-
cedures—a “software” category of the research and develop-
ment program. A sound program must be based on work in
both of these categories.

THE MOS$T $TRIKING OPPORTUNITIES for improvements in urban
transportation are the technological innovations discussed later
in this chapter. Atention fastens casily on a new vehicle or
sadget. But such innovation is at the merey of its institutional
setting. Legal and financial impediments often hinder progress
unnceessarily, Many of the greatest advances in nrban trans-
portation lie in areas such as analysis and planming, operations
and management, intergovernmental relations, and financing,
and in ereater understanding of the whole complex social con-
text of urlun travel, ‘Techuology alone is not cnough.

IMPROVLED METHODS OF ANALYSIS, PLANNING
AND OPFRATTONS

The new sysiems study gave special attention to the poten-
tal value of “software™ studics of two general types: First,
studies of managerial, regulatory, pricing, educational, and
aperational innovation aimed at improving the cfficiency and
use of existing modes, vehicles and rights-of-way; second, studies
preceding the actual building of prototype svstems of compo-
nents, including development and testing of models aimed at
reducing the uncertainty inherent in advanced hardware
projects.

An important focus of the first 1vpe of proposed software
resenrch studies is an the harriers that prevent the application
of relevant technology to urhan transportation. Alchough tech-
nical feasibility is a necessary condition for the successful ap-
plication ol technolozy to existing or hiture transportation sys-
tems, it is by no means sullicient. Manv other conditions
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mvolving little ar no rechnology must be satished lest they be-
conte iustitutional blocks preventing {urther innovation. Such
mpediments almaost alwavs arise whenever the status quo s
perturbed, for exianple: when acquiring rights-of-way, Ieasing
real property, neutralizing conflicting franchises.

Becanse private industry does not ordinanly manufacture,
market, and realize @ profit on mstitutional mnovations, there
5 a serious knowledge gap in this area. As o result. there are
swany technically sound hirdware concepts which have vet to
he implemented i cities, although some have been used
special settings (zuch as o warld’s [air) where the insututional
wively uancomplicated. Tnosum, objectives of the

context 1 vl

roposcd software proaram of rescarch are to:
proj £

® idenufy impediments to the inplementation of new tech-
nwology and to propose miethods by which these blocks might he
overcomne; and to

® identify appropriate nontechmological solutions which inay
he less costly than purely technical ones,

The importance of changes in the mstitutional sctting may be
illustrated by proposals to regulate peak-hour use of highways
by requiring users during these hours to pav higher tolls or
other charges, such as for parking. Charges would vary with
the time of dav and size of vehicles, and transit fares could
vary with distance, replacing flat farcs. While such proposals
may involve difficull problens ol cquily or acceptability, the
varied charges thes contemiplate, or staggered working hours
alone, conld have it more profound effect on the use of exist-
ing roadways, parking, and vehicle capacities than anyv im-
mediately ivailable new vehicle or equipment.

Research must be directed to improving the regulatory and
administrative  rules required of transportation companies.
More Hexibility in routes, schedules and fare structures, and
labor practices and franchise costs based on performance incen-
tives have substantial potential for improving urhan transpor-
tation services.,

Developing the training and professional opportunities for
transit managers 1% another aren of need. and one that the
Department of Housing and Urban Development s already
assisting, Closely related is the need Lo develop better market-
ing and information services.

Although other innovations may have a less direct impact,
they may yield even greater benefits in the long run. for ex-
ample: better methods of [orecasting travel demands. New
methods of computer simulation and analvsis capable of han-
dling the changes resulting from an expanding cconomy, includ-
ing shifting locations of jobs and residences and rising levels
of income and education, promise more accurate prediction of
traflie, as well as prediction of the best locations for new
comstruction.

The second category of software studies aims to reduce the
uncertainty herent in advanced hardware projects. Such
stuches could precede the actual bullding of prototype systems
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or components, Careful design and model building represent
an inexpensive and highly efficient technique {for moving for-
ward against large uncertainties. A model issimply an analog of
reality. The model can be purely physical, such as a hydro-
dvnamic analog of traflic flow. or purely conceptual. such as
a mathematical representation of the mteraction between vehi-
cles and guidewavs. Some models, of course, have both con-
ceptual and physical components.

A major value of developing mathematical models of trans-
portation svstems as rescarch tools Is economic, By representing
a vet to be developed transportation svstent mathematically,
realistic bounds can be put on performance, land use impacts,
and costs under o wide varicty of canditions, and this can be
done without having ta huild expensive prototypes or perform
elaborate, time-consuming expertments. In recent years, the
development and utility of these models has been enhanced by
the use of high-speed computers. In most cases a thorough,
mathermatical evaluation of a proposed transportation system
or subsystem can be performed for about 1 percent of the cost
of developing an experimental prototype.

The use of mathematical models does not cormpletely clim-
inate the need for developing protolypes and performing
expertiments. Major asumptions are required in such models
concerning market aceeptability, modal choice, changes in loca-
tional preferences, and so forth, Real urban experimentation
is required to reduce the great amount of uncertainty surround-
ingr these and other critical assumptions. Models do help reduce
the cost of such experinents and demaonstrations, however, by
pointing up the most promixing approach for implementing
theoretically feasible systems and by eliminating from forther
consideration logically inconsistent ones,

Other nontechnological innovations worthy of investigation
are efforts to reduce the demand for transportation. cither
throngh substituting improved communications or improved
planning of the location of rclated activity. Many of these
concepts have heen fairly well developed for some years. What
is needed are methods for translating the ideas into ac-
ton, in addition to research und development, such as more
elfective means for informing communities about fcasible
transportation alternatives and for helping them overcome the
hostility or inertia that so often impede innovation.

URBAN TRANSPORTATION INFORMATION CENTER

A national urban transportation information center could help
provide a focus for the kinds of activities mentioned ahove.
Progress in the ficld of urhan transportation has been seriously
impeded by u scarcity of information. Tn many Instances,
promising new ideas arc being tried and new techniques de-
veloped, almost in isolation. Consequently, a great dcal of
research effort is duplicated and the benefits of many useful
innovations are limited to the locality in which they were
developed.
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Fhie F 4 mile Diwble Fest Track. constructed as fart of
the San Praneiseo BART Svstem, devetoped data ow the

refatimsdify of vide guality ond noise levels to track
conditions and vail fasteners. Instrumentation provided
for tests of trackside power collection equifinent, train
contiol syitems. and antomatic trouble-sensing equip-
thent to fierform safety checks of transit velicles.

A national information center established to seck out, analyze,
preserve, and disseminite information about new developments
and research in the field of urban transportation could perform
a crucial service at a modest cost. Fxamples of the sort of work
it might do include the compilation and analvsis of staistical
data, mamtenance of a reference service, publication of bulie-
tinns, sponsorship of seminars aronnd the country for transporti-
tion industry personnel, and eoordination of urban transporta-
tion inforniation with other Federal, Stace, and local AEETICICS,

LRBAN TRANSPORTATION TEST CENTER

As part ol the overall effort to more efficiently manage and
promote scientific research and development in urban trans-
portation, one other type of factlity ix requircd. An urhan
transportation test center could perform the analysis and in-
vestigation of new concepts, as well as of the social, economic
and legal problems associated with their development and im-
plementation. It would perform services which could assist in
the solution of current operating problems as well as encourage
rescarch into future systems. The center could also assist in the
establishment of performance criteria for new urban Lransporta-
tion systems, and could evaluate concepts, ideas and advanced
systems prior (o detailed development. Applications of enierg-
ing technologies—in terms of safety and reliability of new
cquipment—-and prototype systems could be tested and proved
for the benefit of hoth the transportation industry and the
general public,

TECHNOLOGICAL POSSIBILITTES

"I'wo questions are implicit in any decision that aims at imme-
diate action:

® How can existing urban transportation systems be improved
in the near future by applying present of-the-shelf technology?

® What kinds of entircly new urban transportation systems
might be technologically feasible in the more distant future?

While the future systerns described here arc considered to
be technologically feasible, only rough cost estimates are possible
at this stage. Uncertainty inevitably characterizes proposed
developments. Future systems depending on many new ideas
to achieve major improvements in performance are much more
uncertain as te cost and time of accomplishment than less
ambitious projects. Reducing uncertainty is a key purpose of
the research and development program that this report proposes.
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IMMEDIATE IMPROVEMENTS FOR PRESENT NFARLY 300 SEPARATE PROJECTS OR PROPOSALS of an immed-
URBAN TRANSPORTATION SYSTEMS iate, incremental nature were screened in the process of

Traffic control systems vesponsive to Hicmovement of
peaple rowdd reduce delays {ike this for bus passengers
anel increwse Hie caparily of the strect netaork,

determining the best of the many aternative improvements
which could, with relative case, be made in the near future
to present urban transportation systems and services in metro-
politan areas. These are discussed in the following paragraphs.

Urban transportation presents a paradox of technological
obsolescence in the midst of an abundance of relevant new
techniques. A review of available technology showed that a
solid foundation of technical expertlise and knowledge already
exists, much of it developed in other fields of application,
including the defense and acrospace industries, No national
apparatns now exists in the field of publfic transportation for
systematically culling from innovative American technology
the devices, perhaps already on the shelf or merely on paper,
that could be applied to urban transportation. Nar are there
arrangements [or developing and improving them in a manner
to make the systernatic testing and evaluation of their applica-
bility possible. This inadequacy obliges officials responsible for
planning and initiating urban transportation systems to select
from among a very few alternatives, most of them already
ohsolete or obsolescent, not hecause American technalogy is at
fault, but because incenlives for urban transportation innova-
tion—the synthesizing and application of science and tech-
nology—have been weak or nonexistent.

The following paragraphs describe salient and currently
feasible improvements for bus, rudl transit. and commuter rail
service aswell as for urban antomobiles and pedestrian moverment.

URBAN BUS SYSTEMS TMPROVEMENTS

Bus svstems are now and will continue {or some time to be the
most heavily patronized forrm of public urban transportation.
Buses now carry annually approximately 70 percent of all urban
public transpertation passengers. Most cities in the United
States arc entirely dependent on them for public mass
transportation. While sorie of the Iarger cities are likely to
huild rail transit systems, they too are {inding that buses are
an indispensable concomitant 1o rail systems, In New York
City, for example, about one-third of the residents who work
in the central business district begin the day by taking a bus.
A similar pattern is projected for San Francisco’s new DBay
Arca Rapid Transit {BAR'T).

Buses represent a promising subject for new technology
because they can go anvwhere on present rights-of-way. 'This
ubiquity is significant. Because buses can go wherever streets
go, they have the potential for door-to-door service  and that
may be essential if public transit Is 1o attract patronage in the
furure, [t also mecans that bus systems can involve relatively
lIow initial investments because they avoid the tremendous cost
burden of building and maintaining their own rights-of-way or
guldeways,
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RIGHT-OF-WAY [MPROVEMENTS

Bus transport. while relatively low-cost, is also low in quality
and will remiain so as long as huses get cavght in traffic jams
and consume large amounts of time hoarding or dischirging
passengers. The new sstems study exaonined tsvn pessible
salirions:

® Put buses into reserved lanes that are physically separate
frow the test of the traffic or perhaps on exclusive “hus only”
sireets: or

® Dccongest the flow ol all vehicular traffic on the streels aned
highwavs wed by buses and give buses some kind of priority in
the traffic stream.

Lxclusive Bus Lanes: The first approach may he implermented
by butlding new urban highways with scparate transit lanes or
strects, for exclusive bus wse, Lechnolagically, such solutions are
crtirely feasible, although thev have been infrequently at-
tempted. Additional new highway Lanes in urban areas inflict
ever-tncreasing problems of disruption and dislocation, whether
or not the additional pavement is used exclusively for buses.
The sccond alternative is often impossible because of the diffi-
culty of fiting special and exclusive lanes Into most of the exist-
ing urban street and highway patterns,

The mare promising of these alternatives, especially for the
neat terni s to provide technologies for decongesting urban ar-
G v dmre e die flow of buses through e yapied for g]]— public transit users as well us the private auto-
Yoo Pheof e Lol Thael. mobile  m order to fmprove bus operating canditions. Two
somewhat different technologies for decongesting the raflic
stream have been examined by the study, The first is Aow eon-
trol on limited access highways or frecways: the second is traffic
control on ity streets,

Traffic Flow Control: The flow contral on freeways Involves
metering vehicles onto a freeway at a rate which will hold traf-
fic concentration below the point of congestion. At such a point,
even nunor periurhations in the traffic stream cause slowdowns
that may finally result in stoppages that greatly diminish the
freeway’s capacity, Metering vehicles onto the highwavs keeps
the strearn moving by preventing traflic “clots.”” Under the flow
control idea, buses would not be “metered on® as would other
vehicles, hut would enter the freeway “at will,” perhaps on their
own bypass lanes as is done now in New York City at the Lin-
colit "Tunncl. Onee on the freewav, the buses would travel as
fast as the rest of the free-flowing trathe streams, and the
tetal traffic flow through a corridor would be mproved.

People-Activated Trafic Contral: Because most huscs travel
over city streets rather than freeways, a related Lechnology, street
traffic control, Is of particular importance. It needs to be
applied, however, more dircetly to the problem of moving freo-
ple. not just vehicles, At present, most traffic control SYS-
tems are programed sunply to move vehicles with no regard
to differences in vehicle size or number of passengers carricd.
All vehicles are thus treated equally which means that their
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pawsengers are treated unequally. For example, traflic lights
are sct to favor three people in two cars over 30 people m one
bus. This, of course, fails to maximize the flow of people through
the street network.

To increase the people-moving capacity of the network, the
new systeme study examined traffic control systems which can
be designed to connt and move people rather than vehicles.
‘I'echnically, there are several ways to sense the approach of
buses in the traffic sream. One system that s already on the
market wes a rapidly pulsing optical eam to transmit a signal
from the bus to an electronic phase selector which controls the
traffic light.

Though simple, this people-moving approach can improve
bus speeds considerably. In « recent experiment sponsored by
HUD, traffic lights on a street in Los Angeles were manually
changed to favor buses. The data indicate that bus passenger
delays were reduced by as much as 75 percent. However, the
basic costs of automation arc still high, with considerable wark
remaining to be done to improve information gathering and
control devices. In addition, carefully supervised experimenta-
tion is needed Lo determine actual effectiveness.

COMPUTER-ASSISTED BLS SCHEDULING

The preparation of daily driver assignments {run-cutting} and
the scheduling of available buscs to routes is presently a manual
process. The complexity of the factors involved: multiplicity
of choices, limitations of time and driver selection preferences
and restrictions:  assure that such manual processing cannot
provide the most efficient and econemic operations. On the
basis of projects sponsored by HUT) at West Virginia University,
the potential has heen established for automating ridership
counting and the computerizing of run-cutting and scheduling.
A mathematical model for optimizing the assignments of op-
crators and equipment has been developed. Coupled with re-
liable, yet less costly, ridership data, computerizing the entire
process can aid in providing flexible and optimum levels of
service to meet fluctuating demands. While this process shows
promise for near-term application, future extensions of the
concept could make hourly adjustments possible by comrmuni-
cating data on passengers and bus location to a central dis-
patcher for more demand-responsive bus service.

IMPROVED BUS DESIGN

The Standard City Bus: While today’s standard 50-passenger
bus represents a considerable impravement in comfert over its
predecessors, it falls far short of satisfving modern expectations
of service quality, Tt should not fume, or roar, and—among
other improvements—it should have smoother acceleration,
hetter ingress and egress, and most impartant, cither much
casier steps to climb or none at all. Privale industry can now
meet such requirements, if they are stated in specific terms.
To assist such speeification, the Department of Housing and
Urban Development is financing the development of new de-
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Details of w rail conversion unit under evaluation for

el wrode operation.

An artirufated bus offers the potential tor greatiy in-
crrased  passenger capacity and comfort without pro-
pavtional incredases in maintenance and afierating costs,
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sig oritertn for improved huses I the Nationad Acadenn of
Saence- and the Natiomal Academy of Eoginecring.

Dual Mede By A dial mode hos combines the high-wpeed,
cangestion-free characteristies of a4 razi] vohicke operiLg en s
exclusive vight-of-wan with the flexibilin and adaprabilice of
aie ordinary: bus, This lexibility would nike it posible 1o
combine collection and line-haul service i arews where travel
denzand is too low 1o justifyv an extensive il netwark, - With
antomatinn, the dual mode bus conld e diiverless over the line
hanl rail portion of the trip. Such an advanced dual mode bus
is deseribed o subsequent section of this report.

Two dual mode buses have already leen tested in eXper-
mental service. Tn hoth cases, ordinary city huses were fitted
with flanged steel wheels which could he Towered into positton
when the vehicles were to ride on rails. The steel wheels gude
and help suppart the buses; traction i provided by the buses’
ribber-tired rear wheels, While the dual-rmode cancept appears
proasing, additional work is required to insure g smonth ride
during all weather conditions, expecially in soow and ice.

Articudated Bus: The articulated bus can carrv up to 75 people
as compared with H0 or 35 in a conventional e, Larger buses
would substantially lower per passenger costs by improving
labor productivity: two-thirds of present costs represent winges
and fringe benetits for the bus driver. Fxtra-long buses are not
widely uscd now because they are oo big Tor Tocal opcrution
on city streets. They are. however, promising for cxpress
operation on freeways.

Double Deck Bus: The double deck bus has always been a
standard vehicle in some countries; it has had limited use in
the United States, most notably on the Filth Avenue Line in
New York City, The greater capacity within standard vehicle
lengths makes the double deck bus desirahle for some urban
applications. New wheel arrangements involving powered
differentials would make it possible to pivot-steer a large double-
decker. I hetter methods of loading and collecting fares can
he developed, this type of bus would be an attractive candidate
for improved bus design.
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URBAN BUS PROPULSION

Urban buses, hecause of greater freedom from the weight re-
strictions and the variable operating conditions of the personal
vehicle, offer especially good opportunitics for immediate use
of propulsion subsystems alternative to the standard gasoline or
dicsel engine. Steam engines, gas turbines, and hybrid engines
arc propulsion components requiring the Jeast new develop-
ment and would he the ecasiest innovalions to adapt to present
bus transportation systems. Morc advanced propulsion atub-
systems are discussed below under future technology.

Improved Steam Propulsion: An especially good candidate for
immediate use in urban transportation is steam propulsion.
Both closed and open cycle reciprocating steam cngines, as
well as hybrid engines , are being considered bhecause of their
low contamination levels and quict operation. These engines
operate smoothly, produce high torques at low speed, can
tolerate a4 varicty of fuels and exhibit superior cold weather
starting performance. Steam generators now available prac-
tically eliminate the delayed starting problem which plagucd
carlier steamn vehicles, and are entirely safe. At present, how-
ever, they are bath bulky and costly. Sinee no major technical
ohstacles are forescen in manufacturing suitable engines, costs
no doubt would decline as production increased.

Gas Turbines: These also exhibit less poltution than internal
combustion engines, Gas turbines have heen tested recently on
automobiles, trains, and trucks. Their greatest problems are
high manufacturing cost because of precision engincering re-
guirements, mechanical power transmission, the waste heat in
their exhaust, and the sluggishness of their throttle response
in small vehicles,

Turboelectric Powerplants: Using o hybrid combination of
gas turbine, alternater, induction motor drive and lead-acid
storage battery, turbuelectric powerplants show imminent
promise for bus propulsion. More cfficient use of the turbine
should further reduce pollutants, clectric power drive eould
climinate problems wilh mechanical Leansmissions and the b=
tery would improve acceleration characteristics while affording
essentially emission-free operation for short penods in tunnels
ar congested central city arcas.

Other new types of propulsion systems for urban buses and
automohiles are under active investigation. The most promising
of these are discussed in a subsequent section dealing with longer
term improvements.

[MPROVEMENTS IN EXCLUSIVE GUIDEWAY
SYSTEMS

“Guideways” are the components of traosportation systems
which guide and support moving vehicles. A strect is a guide-
way in the simplest sense; one which may be shared by several
kinds of vehicles. A railroad track is a guideway which is
restricted to flanged wheel vehicles and thus is termed “exclu-
sive.” As described below, however, newer systemns of exclusive
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New aiy conditioned vaif rapid transit cars, rombined
BUI imprm-wri :Jp('rrt.'ing practices and maodernized
preaverccompieniealions and track switchiing equipment,
can enlimee seviey Hrruug!rr:m‘ an endive comninter
avsient.

The antomatic, faif-safe operation of the Montrea!
Exfur Express carvied an estimated 35 million wisitors
fo Expo 67.

guideways difTerent from the conventional steel rail are being
developed and show promise for use in urban transportation.

CONVENTIONAL RAIL SYSTEMS
Six large American cities with high transit usage now have rail
svstems—either commuter railroads, rapid transit {subwavs),
or streetcars. ‘The present value of the investment in these svs-
tems is quite large, totaling more than $3.4 billion. After a
penied ol contraction, the number of miles in usc of rail rapid
transit has stabilized and has even increased in recent vears.
Peak-period usage, ranging from 18,000 to more than 60,000
passengers per hour, has always been the most important con-
tribution of this type of service,

For the most part, however, these systems were developed
more than 40 vears ago and have had limited upgrading of
rolling stock and plant since that time, Many of the propertics
are using ontdated equipment and operational policies as a
result of their inability to charge the fares and obtain the neces-
sary usuge to maintain and uparade service.

Improvements to existing systems usually imply an increase in
the speed of travel. The new systerns study, however, found no
pressing requirements for markedly improving the speed capa-
bulitics of conventional intraurban rail vehicles in the near fu-
ture. In most cases, the closer station spacings of existing urban
rail systems would cancel most of the advantages gained by in-
creasing speeds. The phtential advamages of reliable braking,
fail-safe signaling and coutrol svstems which could reduce head-
ways and improve the flexibility of service were studied, and the
need to improve operating efficiencies and service amenities of
conventional rail systems was found to he essential,
Awtomatic Operations: Most existing rapid rail transit and
commuter trains can be fully automated with far greater ease
than individual street vehicles, and without extensive rchuilding
of the system. The cost of making these installations, particolarly
in older propertics, must he carcfully measured in terms of
possible reduced operating costs and increased revenues result-
ing from closer or more flexible headways. The Pittsburgh
Transit Expressway project and the Expo Express in Montreal
show what is possible even with current equipment. Controls
in these systems, unlike conventional trains, are along the guide-
way and in central compiters. These provide an inventory of
all vehicles at once and ure prototypes of the control system
required in advanced systems using fixed guideways.

The cfliciency of rail systems can be considerably Improved
by less than full automation, however. For example, automatic
train identification and monitoring with route allocation can
avoid additional construction costs by improving the utiliza-
tion of existing track, parallel tracks, and tunnel capacity,
Computerized scheduling can tailor service to actual needs by
optimizing car and crew assignments and thereby reducing
operating costs.,

Rad Transit Components: Improvements 1o certain critical
rail transit vehicle components can lead to important increases
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Antomatic rail car couplers could iucrease operating
efficiency and reliabitity through push-button inter
forking of signal and control lines.

in operating cfficiencies. Automatic couplers, for example,
would permit cars to be coupled or detached by pushing o
button in the operator’s cab, This could, in itself, substantially
decreasc the manpower costs of making up trains. In combina-
tion with the computerized scheduling described above, auto-
matic coupling would lead to a closer match between tramn
sizes and passenger loads, thus reducing unnecessary car miles
and maintenance costs.

The time currently required to couple and uncouple cars
can be reduced to seconds. Since a key factor in many rail transit
and commuter services is train turnaround or reassembly time,
the reduction in time consumed for these operations from min-
utes to seconds is of vital importance. Saving as litle as 2 or 3
mimutes on some tightly scheduled commuter runs could mean
placing an entire train of equipment back into a prak tine slot
where it could produce additional transportation services.

Braking and Suspension: Existing transit braking systems are
complex, slow ncting, and depend heavily on the wheel-rail
adhcsion which can be developed-  a limiting and often varia-
ble quantity. A tharough exploration of current technology to
include the evaluation of hydraulic, dynamic, magnetic, and
advanced air brakes and improved contral and actuation sys-
tems appears warranted. Promising methods of maximizing
wheel-rail adhesion during braking suggested by the study
should be further cvaluated,

Conventional Suspension: The truck, or framc containing the
springs, axles, and wheels upon which the car body rests, is
subject to a variety of failures. The frame also transmits un-
desirable vibrations and noise to the car. Rubber tires have heen
used in hoth the Paris Metro and the new Montreal subway,
and their ride and potential {or quiet operation make them at-
tractive for urban transportution. However, for use in auto-
mated systems, where failure of & single tire can cause delays on
miles of guideways, the performance of present tires needs to be
improved. Work also needs to be done to produce quiet tires
capable of bearing greater loads without hecoming too large.
s0 that less cumbersome vehicles can be designed.

Railroad Beds: Steel wheels on steel rails are likely to continue
in use for some time. Welded rails have been used for over a
decade to help smooth rides in some parts of the country. Ties
which distribute transient loads more effectively have heen a
continuing design effort by railroads for years. More recent
innovations are stressed-concrete supporting structures, includ-
ing prestressed ties or solid roadbeds, to replace the ties-plus-
ballast combination used to transmit loads directly to the carth.

RAPID TRANSIT MAINTENANCE

Effective and economic rapid transit service depends to a great
extent on the ability of the system to provide safe, comfortable,
attractive, and reliable close-hcadway service at reasonable
speeds. Such a requirement under restrictions of time and availa-
bility of right-of-way establishes o clear need Jor carrying
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Wieets for highspeed rapld fransit systems are sub-
fected to vigovous testy—mcinding wltrasonic and M-
nwetic particle tests—ta detect cracks. fakes and laminar-
fupe defects.

Denonstration of an I el wrinding sackine an the Nas Frane e
BART tesf track,

out high-speed 1 -atntenance techniques concurrently with
operations,

Wheel and Rail CGrinders: The rapid grinding of whecls and
rails by new types of maintenance miachinery is eme of the prime
needs. The development of abrasive belt-grinding technigues
for wheels and rails could eliminate costly and time-consuming
lathe-turning of wheels and hard-grinding of rails, Improved
and safer tracks can be achieved through the development of
specialized rapid transit orfented equipment designed o detect
deficiencics. The lenchits of these efforts will be realized pri-
marily in increased wheel life, reliability, safety, and m noise
reduction.

Maintenance of Equipment: One of the more costly activities
of rail systems might be cut appreciably by organizing some
types of car repairs on a “continuous flow™ basis, involving a
concept of laying out maintenance shops in a systematic way
to enable greater efficiency in operations. The general approach
could be adopted by most rail svstems which have similar
maintenance problems,

Cleaning: Rail systems also have generally similar cleaning
preblems at present. The car cleaning process might be im-
proved for all rail systems {and hus svstems, too} by develop-
ing standard procedures and specialized cleaning equipment.
For example, the cleaning of tunnels s still a costly manual
operation. Since most of the “dirt” is ferretic material, it appears
worthwhile to develop a cleaning technique based on magnetic

-principles,
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Noise Control: Improvements in operating efficiency also often
improve a system’s quality. For example, better cleaning pro-
cedures contribute o upgrading quality as well as cutting
costs. Similarly, improved right-of-way utilization upgrades
quality by reducing the crowding at rush hour. But one impor-
tant area of amunity improvement—noisc- wilt cast money
rather than save it. Noise control requires attention Lo mainte-
nance of rails, wheels, trucks, couplers, and interiors. Noise con-
trol also requires judicious selection of acoustical treatment
techniques. The identification of the best noise reduction meth-
ods is a matter for further rescarch,

RECENT NEW FIXED GUIDEWAY SYSTEMS

Two projects in which the Department of Housing and Urhan
Development has participated, the Transit Expressway i Pitts-
burgh and the BART system in the San Francisco Bay region.
demonstrate a few of the fixed guideway features which are
currently available.

The Transit Lxpressway sysiem represents d fairly radical
break with the past. Driverless, rubber-tired vehicles could
operate over a concrele guideway on 2-minute headways at top
speeds of 50 miles an hour. Using lightweight cars scating 28
persons and with room for 26 standees, the system is designed
to serve peak demands of 5,000 to 16,000 people per hour one
way—considerably lower than the economic ridership level of
standard rapid transit systems. While Turther development is
necessary | for example, on means of switching}, systems incor-
porating the Transit Expressway are likelv to be fully opera-
tional within a short while.

The Transit Expresswar. anth fighteeight automaled welicles, offers the

fossilitiey o) wosyaten el yuited do medinn passenger travel demndnds st
capital awd operating costy betow Hiose of conventional raif syshemes
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Design of the Sun Francivo BART Svstemn has e phasized passeager rom-
fort and conovwlence with wide seats and aisles, farge windows, and viriu-
ally silent vebrationtess vperation at Righ travel speeds.

The lessradical BART system is essentially & wide-gauge com-
muter rail system, incarporating such advanced subsystems in
rail technology as automatic fare collection and automatic con-
trols with a single attendant to handle emergencies, BART
trains will have maximumn speeds of 80 miles un hour, with
capacity designed for 30,000 scated passengers per hour in
trains of 10 cars.

URBAN AUTOMOBILE INNOVATIONS

The automobile, providing hoth flexibility and speed, has
rapidly established and maintained domination over a wide
ange of trip types. The present six-passenger family car rep-
FCSCNts a compromise in design to satisfy a wide variety of
travel needs. As such, the automobile intrudes in many WIS,
"I'he experience of recent vears contradicls the belief that traf-
fic congestion will itself set a limit to car ownership. If there is
to he any chance of coexisting with the automobile in the urban
environment, u different sort of automobile is needed with im-
provements in the supporting svstems, The cvolution in the
automobile and its supparting systems, road, and parking facili-
ties has responded to personal preference as well as to public
guidance and control. These systems will continue to evolve in
response to such influences,

RENTAL VEHICLES FOR LOCAL USE

Many people in urban areas need the use of un automobile
only occasionally; others cannot afford to own a car. Yet an
autemobile may provide the only means for access to a job or
to public transportation. The new systems study has established
the practicality of development of an urban public transit sys-
temt that has the flexibility and service of the private auto-
maobile: A car rental service for short trips operated as a pri-
vate enterprise or as an adjunct to public transportation. Such
a system could employ a small, low-powered vehicle on a short-
term, inexpensive rental basis, obtained from a terminal and
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A small wrban wehicle, using « hybrid engine for re-
duced air poltution, rould frrouide a public automuobile
service for shopping, access to mass transportation sia-
fions, and  perhaps Jor wse within centval business
disdriers.

returned to it or another location for cach trip. The vehicle
should be available at less than fee owner costs. It would pro-
vide service to and from transit terminals, in central business
districts, in low density areas (shapping centers) or on such
sites as college campuscs or lurge international airports.

A HUD demonstration project carried out simultancously
with the new systems study has developed performunce criteria
for 4 small, hybrid-engine automobile for this type of service.
‘I'his vehicle will meet strict standards of controlling pollutant
emissions. A chief henefit of the small size would be in parking,
both adding convenience for drivers and reducing the overall
rost and amount of space that must be devoted to parking.
Street and expressway capacities can be increased significantly,
however, only when most cars using them are small, and until
then, hazards from mixed traffic can be expected.

1f the feasibility, acceptability, and benefits of such a small
urban car rental service can be established through demonstra-
tion in urban areas, it should be expected that private industry
would further the vehicle development and expansion of this
kind of service.

Automatic Traffic Control

Traffic lights in many cities today are controlled in rudi-
mentary fashion in response to established traffic patterns. Ve-
hicle flow can be sensed by optical devices, treadles, or loops
huried in the roadway, and lights may be sct to reflect
traffic patterns determined by experience. More complex sys-
tems are now in operation in Toronta and San Jose and are
being evaluated in several ather U.S, cities. These feed data
sensed at critical intersections directly into a central computer
that analyzes the flows and issucs commands to achicve maxi-
mum traffic flow.

Automated Parking Garages

The new systems study devoted some attention to the possi-
bility of automating parking garages to reduce the amount of
space required for ramps and aisles, and to increase the speed
of operation.

While a number of designs for such garages are available,
nonc of them offers advantages in construction and mainte-
nance cxpense over conventional ramp designs. However, for
the small urban automobile, the advantages may be significant.
Since three or four small cars could be parked in the space
of one standard automobile, automatic parking could be pro-
vided at substantial saving over the average capital cost of
$3,400 for “automated” space for a conventional automabile.
For the rental car service described above, automatic parking
on a “first in—first out” basis could be reduced to $1,200 per
space. Where the preponderance of automobiles is of stand-
ard size, a more fruitful line for experimentation would be the
use of peripheral parking lots to serve congested areas, pro-
hibiting business district movements by all vehicles except
transit, taxis, and fleets of small cars leased for use.

42



“Prople-movers” operating on shoprfring malls free of
other traffic have aided pedestrians in such places aw
Minni Beach.

The importance of the pedestrian is often ignored in planning
and operating urban transportation. Urban travel surveys too
often have paid little attention to walking trips. Movement
within the transportation terminals and statiens, both intra-
urban and interurban, and within other major activity centers
18 often difficult—rarcly pleasant or efficient. In the many
places in urban areas where vehicles and pedestrians must
share space (street intersections, shopping centers, und airport
parking lots), the vchicle is nearly always given preference.

Studies have shown that the pedestrian particularly re-
sponds favorably to improvements that reduce walking and
waiting or which offer increased personal safety. Walking be-
gins and cnds cvery public transportation trip, thus improve-
ments in the pedestrian’s lot are necessary for a higher quality
of total service. Potential innovations and applications of pres-
ent-day technalogy offering improvements for pedestrians are
described below,

MAJOR ACTIVITY CENTER CIRCULATION

Some promising imniediate improvements include improved
small bus designs for more economical and convenient service
mm large major activity centers, improved traffic control devices
to give prority to people rather than vehicles (for both
pedestrian and bus passenger), madified conveyor systems for
short-distance, high-volume movements, and improved com-
mutcr rail and rapid transit station designs.

PEDESTRIAN WAYS

A particularly appealing development technically feasible in
many places is the separated pedestrian walkway or pedestrian
way. It may consist of elevated passages over streets and
through upper stories of buildings or of underground passage-
ways-—often developed in connection with railroad and rapid
The San Francisco Civic Cenier pedesirian metianine connects shopping

facilities and station access on the upper level lo the Bay Area Rapiid
Transit cars on Lhe lower level,




Mowing belts can assist the movement of pedesirians in
such meajor acvity conders wy alrprart tebminals.

Automupted fare collection can speed fhe traveler on
his trip while making possible flexible charges and

improving the efficiency of transit operations.

transit terminals, One of the most successful is the Philadelphia
Penn Center subway plaza which is contiguous to the suburban
station of the Penn Central Railroad. Pedestrian malls are some-
times incorporated in urban renewal projects or may be created
by closing part or all of an existing street to vehicular traflic and
arranging it for exclusive use by pedestrians.

Scparating rights-of-way at intersections and minimizing
pedestrian climbing and descending can be achieved with
recently developed bridge designs using pipe and laminated
wood in the structures. Ramps provide a pleasing alternative
to stairs in many applications. Many mechanical devices can
be incorporated into pedestrian ways to speed the flow of traffic
and change it to a different level,

IMMEDIATE IMPROVEMENTS OF GENERAL
APPLICATION

FARE COILLEGTION

Farc collection is a problem for all transit systems. First, it
takes time and manpower to collect and audit fares. Reductions
in cither would help both the systems and their riders. Second,
it is awkward and expensive to collect different fares for dif-
ferent trip lengths and different times. Accordingly, flat fare
structures now prevail on almost all city bus and rapid transit
systems. This often results in high costs for wome trips, discour-
aging the short-haul and off-peak riders.

Trproved fare collection systems using current technological
knowledge would make it possible for rapid transit and support-
ing systems to cmploy much more flexible charges. These
charges could be hased on such clements as distance traveled,
time of day, frequency of travel, location of trip origin or
destination, as well as personal preferences in deferred hilling
procedures. These have been effective in promoting the addi-
tional use of other forms of transportation by reducing the
visible cost. Limited experience with automatic fare collection
svstems to date indicates that guaranteed collection has in-
creased revenue by as much as 10 pereent.

Where fare collection can be handled on station platforms,
much progress has already been made. Much still needs 1 be
done to improve fare collection on buses. The use of prepur-
chased bus passes, good for a specified period on a particular
route, would facilitate fare collection, especially during peak
rush hours when some “pass only” buses would be scheduled,
thus reducing the delays caused by fare collection. Several
rail systems are now using machine-readable tickets ssucd by
vending machines and analyzed by a computer at the gate.
Tickets have magnetic surfaces that the equipment can read
and register for later billing or make appropriate deductons
for the trip taken. While these systems are still crude and often
unreliahle, they can be improved. They eventually can also
be expanded into systems that can count ridership, and may
thus permit more responsive service through computerized
gcheduling.

14



Canrmunttoations avsfeuns o trands vekivles can deter

trinte, redies defays, and fncgrove the safely and secu-
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SECURITY
Passenger and operator sceurity can be increased through the
use of currently available surveillance and conmunication tech-
nology. A Department of Housing and Urhan Development
(HUD] demonstration project testing two-way radio com-
munication on New York City subways found that message
delays in reaching police or other emergency aid were reduced
99 percent, o fractions of a second. The average number of
train delays per month in the test arca decreased 41 pereent
and average duration of delayvs decreused 9 percent, Due to
the success of the experiment, the New York Transit Authority
has committed nself to extend the two-way radio systern to all
of its rapid transit and surface divisions. .\ radio svatern with
bus paging equipment is planned for the Authority’s 4.200
buses. Closed-civeuit 'I'V with intercar and external seCuriey
contact systems also show promise {or rail swstems, Such secy-
rity systems are essential to restore confidence in personal sifety
Tor rapid transic riders and drivers.

MANAGEMENT AND OPERATIONS

Improvement of transit management and operations depends.
of course, upon the motivation and Imagination of the men
who run the industry. With limited budgets and staffs, and
heavy demands on management time for dav-to-dayv apera-
tions, 1t is diflicult for them 1o devote themselyes to improving
methods. But without improvement in the methods of man.
agement and operations, many of the propoesals described else-
where in thix report will be fruitless.

HUD has recognized the need for assisting the industey in
its cfforts to improve munagement and operating practices by
conducting training seminars for kev personnel at West Vir-
ginta University and Kent State Universitv in Ohio, Univer-
sity research, training, and fcllowship programs have been
established to attract promising personnel (o the field.

The application of computer technology can improve cost
accounting systems, aid in cquipment and manpower schedul-
ing, and improve planning through simulation of operating
conditions, The development and use of better market research
and marketing techniques should result in increased transit
coverage, greater patronage, and revenues,

Other sections of this report describe patential Huprovements
m operations thac could show carly results in increased quality
and cfficiency. These include assembly line cleaning and main-
tenance practices, automatie fare collection, automatic vehicle
controls, traffic signals for hos preference, and sccurity systems
for passenger and operator protection.

STATIONS AND INFORMATION AIDS
Informing the public of its services is an essential function of
urban mass transit, The basic problem is disseminaling informa-
tion on modes, routes, and frequency of service. Bifficully in
obtaiming such information discourages potential riders, and
such difficulty is entirely unnceessary. Direct advertising through
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all media, including the mails, to inform the public about routes,
schedulcs, fares, and the availability of special services would be
an important improvement.

Conveniently located information centers should be provided
with easy-to-read maps of the complete transportation system,
and timetables describing the vchicle, route, and frequency of
service available, There should be direct telephones to the trans-
portation agency information service. All bus shelters and public
transportation stations, old or new, should be permancntly
equipped with attractive maps, routes and placards displaying
trip frequency, origin and destination of passing vehicles. A high
standard of architecture and graphics can improve station de-
sign, and assure the traveler that he knows where he is and how
to get to where he wants to go on time. Such a willingness to
serve is u prerequisite in making public transit attractive and
competitive.

COMPONENTS TECHNOLOGY

The technology which underlies the development of the new
transportation systems covers a wide range of subsvstems and
components. These include:

® command and control devices for safe and reliable guidance

® propulsion subsystems to power the vehicles with little or no
air pollution or noise;

® suspension subsystems to improve comfort and safety; and

many other mechanical and electrical components which in
combination become the total nperating system.

Fstablishing the technical feasibility, advantages, and limita-
tions of innovative concepts and their subsystems and com-
ponents is critical to advancing new systems of urban trans-
portation. The following is a review of some of the promising
technologies of components which should be explored through a
program of research and development to determine their ad-
vantages for longer range systems which constitute the whole.

COMMAND AND CONTROL

Control is one area in which the technological prablems of urban
transportation are considerably more complex even than those
of space travel; thousands of vehicles with hundreds of options
for switching and stopping are involved. Without autornation,
few of the new systems would be economically feasible. Tt is
important also hecausc the large aggregates ol vchicles guing
thousands of different places which comprise metropolitan
transportation today can be handled with greater speed, and
greater safety, only if electronic machines make the routine
control decisions rather than individual human drivers and
operators. Even the automation of apparently minor parts of
the transporlation function, such as fare collection, can become
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an enormously complex undertaking that requires the most
sophusticated computer and communications equipment.

While much rescarch and development associated with
“command and control” technology must be done in connection
with a specific concept, there likcly will be byproducts of this
work that will be useful in advancing other ideas.

AUTOMATED VEHICLE MONITORING

In order to control the movement of vehicles, one must know
where they are- -no problem if the number of vehicles to be
controlled is small. Two-way voice radio is cntirely adequate
for dispatching small flects of taxis, trucks, or police cars. But
when the fleets become lurge, the amount of information
becomes unmanageable without automation. ‘The new systems
study considered various wayvs of automatic monitoring for
highway vchicles, Under the promising concept described
below, it appears feasible to keep track of « very large number
of vehicles continually and automatically, whether private fleets
of taxis, commercial trucks, or public huses and CIMCTgency
cars.

An automatic vehicle monitoring (AVM) system can estah-
lish the location of any vehicle within an accuracy of 10D feet,
in a metropolitan area 50 miles in diameter. A central trans-
mitter broadcasts repetitive commands. Each command in effect
addresses one particular vehicle whose equipment recognizes its
own coded signal ameng all the others.

Automated vehicle monitoving can gid the movement af profile and poods
GULE CHY slrecls Oy ennitinnally estabifishing the location of levge numbers
of vebicles in bus sysems, trucking campanies. taxi fleets, and palice
de fidriments.

Anlomalic Yehiele Manilanng

weh:cie locagor hy trangulalion



On receiving the coded signal, the addressed vehicle activates
a keyed transmitter which produces a respond-acknowledge
{R-A} signal. At least three roadside receivers, perhaps on
towers, pick up this R-A signal and relay it to the central
computer. The vehicle's location is then camputed by triangula-
tion using the differences in arrival times of the R—A signal at
the three roadside receivers.

The two salient features of this kind of system are that it has
a very large capacity {the system can keep track of thousands,
perhaps over 1 million vehicles), and that it can be “timc
shared” by many different users, public and private. Thus, an
AVM system makes it possible to improve the urban operations
of polite departiments, taxi ficets, and of course, transit systems
and trucking companics.

The latter is of particular interest since trucks contribute
heavily to the congestion of urban streets. An AVM system
could be used in a central dispateh system for trucks, permitting
only an optimum number to be in a given arca at one time.
For example, trucks serving New York’s crowded garment cen-
ter might be “staged” outside the area, and dispatched into it
when curb space was about to become available.

PROPULSION, ENERGY, AND POWER TRANSMISSION SUBSYSTEMS

Two types of propulsion systems drive most of our present
transit vchicles: Internal-combustion engines, whethier gasolinc
or diesel; and electric, whether supplied from internal sources
or by external transmussion systems, With the exception of the
gas turbinc engine which has been developed primarily for
aircraft but which has seen some recent application for ground
transportation, these propulsion systems arc all products of 19th
century technology, with some 20th century refinements.

Internal-combusticn cngines, which carry so much of the
Nation’s transportation, also produce a major share of urban
air pollution. Since preventing environmental contamination
and conserving resources are important national goals, quict,
pollution-free engines are already the object of intensified re-
seareh efforts, Tadayv’s gasoline engine produces less pollution
than vesterday's and tomorrow’s will no donbt exhibit still
better performance. In the congestion of the urban environ-
ment, however, even low pollution outputs may add up to un-
acceptable pallution burdens. Thus, clectric. motors, which
themselves are practically nonpolluting, give more promise as
propulsion systems for the future than any type of engine which
involves combustion.

Electric motors are notably quiet and cllicient. Electricity
s 2 most fucile form of energy for systems operating on exclusive
guidewuys, as well as pussessing distinet advantages in auto-
matically controlled systems. Of conrse, if the electricity power-
ing a transit vehicle is produced in & power station which hurns
fossit fuel {or urban trash, as has recently been proposed ), over-
all urban air pollution may still result.

Generating plants, however, can he considerably more offi-
cient than the small, mobile powerplants which propel
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automobiles, buses, trucks, or locomotives, The large stationary
plants nuke more efficient use of the fuel, dumping fewer
products of incomplete combustion into the air, simultaneously
¢ontributing te resource conservation and diminishing air
pollution. Not so numercus as mobile plants, the stationary
generating plants can be located to minimize adverse impacts
in urban areas. Nuclear gencrating plants praduce only van-
ishingly small amounts of air pollution, sometimes none at all,
althongh there may be some water-pollution problems with
these plants. The Federal Government is supporting research
which will aid in designing and operating large generating
plants to mect the increasingly strict standards governing urban
air pellution now heing developed by the national air pollution
ahatement program.

Propulsion: Combustion engines of various tvpes evaluated un-
der the new systems study included the conventional internal
combustion engine, the Brayton Turbogeneratar, Stirling, and
steam reciprocating engines, as well as steam and organic turbo-
generators. Steam engines and gas turbines are discussed above
as mmediate improvement possibilities. Other propulsion sve-
tems showing the greatest potential for future development are
described helow :

Hybrid engines have a good patential for urban transportation
use. ‘These combine an clectric motor with a generator operated
by some other type of engine. Hyhrid engines can help to reduce
pollution in several wavs. They can he operated at a constant
speed all of the time, charging batteries or accelerating a
fivwheel from which the vehicle’s drive motors draw power.
Clonstant speed operation cuts pollution considerably, since it
is during acceleration and deceleration that most pollutants
are emitted. Alternatively, hvbrid vehicles could operate exclu-
sively on batteries in areas such as downtown business districts
in which air pollution and noisc are most critical.

Llectrically powered vehicles offer advantages for urban trans-
portation in climinating noise and pollution emissions as well
as their proven adaptability to automatically controlled
systems. Self-contained electric propulsion systems are relatively
undeveloped for urban transportation. Lead acid batteries are
now the only practical means available for storing encrgy to
opcrate vehicles off of guideways. They are heavy, EXPENsive,
and cannot store and deliver energy well enough to permit
batterv-pawered vehicles to travel very far ar fast or to perform
adequately in competition with internal combustion engines,
For vehicles on guideways, third rail and pantograph-overhead
wire systems are the only means for transmitting power.

Electric mators far both kinds of systems are far from bcing
as sophisticated as the automated systems of the future will
require. Electric motors have now been developed that are
much lighter than the conventional ones used to propel trolleys
and rapid transit. A 130-pound, 100-horscpower motor, for
example, was recently demonstrated successfully in o small
electric car. Solution of the weight problem 0}:;011.'»‘ the way
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Linear eleciric molors, shown herve with Hhe rolor or

shuftle in the vehicle and stetor or winding in the
guidoway, may have application to severel sew urban
.‘;‘rm.\'pmmtiwi concepis.

for use of electric motors in small vehicles. The focus of develop-
ment in the conventional electric motor field no doubt now
will be an the engineering necessary to achieve the most efficient
application of lightweight reliuble motors.

Linear electric molors have been experimented with for at
least 20 vears. Reduced to its simplest terms, a linear motor
is a rotary motor cut parallel to its axis and laid out flat.
Instead of a rotor spinning inside a stator, a flat shuttle passes
along a controlled guideway. In transportation applications,
the guideway is the stator and the rotor is on the vehicle—
or in some cases, the rotor is the vehicle. Power windings can
be cither in the guideway or on the vehicle. Usually they are
on the guideway but applying this convention to transportation
guideways could be enormously expensive, since it would re-
quire tons of copper or some other conductor to “wind” a
guideway. Most concepts, therefore, put the windings in the
vehicle, though this requires a mcthod of supplying it with
powcr.

The new systems study indicates that development of the
lincar motor offers some advantages for the development of
several new urban transportation systems. Since thrust is di-
reet, relying on electromagnetic reaction between vehicle and
guideway, no power is lost nor is weight added through gear-
ing, and the system need not rely on tractive friction. Vehicle
weight can be reduced, sinee in effect half the motor 15 in the
guideway. Since the linear motor depends on a narrow gap
or clearance hetween stator and rotor { guideway and vehicle},
it may be suited to propel air saspension vehicles. Vehicle
speeds can be controlled for an entire automatic systern, but
this introduces serious problems. The practicability and econ-
omy of “winding” a roadbed must be resolved. [ power 1z
applied to the vehicle, connections are necessary belween it
and some adjacent power source. To kecp thrust comstant,
theory suggests that the air gap belween vehicle and guideway
must also be kept constant, though research has yet to deter-
mine the range of acceptable variations. In sum, lincar electric
motors, especially if used in conjunction with air_bearing sus-
pension, appear to have good potential for use in urban trans-
portation systems. Further research is required, however, to
determinc whether they possess significant or unique advan-
tages in this application.

Energy Storage: Lack of routing flexibility is one of the penal-
ties incurred with systems which run on a guideway; this is
one of the reasons most often cited for the decline of the track-
less trolley bus. Attention has focused recently on energy-storage
devices which would allow a vchicle to operate without being
in contact with a power source, vet without producing air
pollution. Such systems would be driven by clectrical power
produced on-board, either by batteries or by fuel cells; or else
they would carry mechanical or thermal encrgyv-storage devices.

There are several differences between batteries and fuel cells.
Generally, a battery must be recharged, while a fuel cell nceds
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to be refueled {energy is the regenerating means in the one
case, matter in the other). Further, batteries possess a relatively
higher power density {measured in watts or kilowatts per
pound}, and fucl cclls possess a relatively higher energy density
{measured in kilowatt-hours per pound ). 'Thus, fuel cells might
permit reasonable driving runge and rapid refucling, while bat-
teries can more readily supply peak load requirements for bet-
ter acceleration bur require relatively long reenergizing times.

Conventional lead-acid batieries represent a well-developed
technology, and are fairly incxpensive, but their range capabil-
ity is low. Newer experimental high-energy-density batteries
are less well developed. currcntly more cxpensive, and may be
more complex to operate. Typical of these newer batteries are
the sodium-sulfur, sediuni-air, zinc-air, lithium-chlorine, and
lithium-organic electrolvte. None of these concepts s yet de-
veloped to o point where 1t would be inexpensive enough for
practical urban transportation use. Nevertheless, further work
will likely bring somc of these concepls to a point at which they
can be put to practical use. "T'he potential range and speed of
a conventional 3,000-pound automohile with battery power are
compared on the graph in figure 3.1,

Figure 3.1. Battery-powered vehicles, range, and speed
maximum range {mi}

65 75 85 95
maximun speed (mph)

Among the various fuel cell tvpes which have been de-
veloped (largelv in response to space requirements) are
hydrogen-air, direct hvdrocarbon-air, and some types which
eonsume hydrazine, ammonia, methanol, or other fuels. The
largest tvpes now known have a capacity of 3 kilowatts. One
truck has been designed which uses stored hvdrogen and oxyvgen
m its fuel cell; the cell develops 32 kilowatts continuously, or
up to 100 kilowatts for short transient loads.

The mujor disadvantage of Tuel cells at the moment s that
they use expensive and relatively scarce fuels, and that they
themselves ure expensive lo produce. The fuel-cell technology
is ane in which more rescarch effart 1s needed.

A comparison of battery and fuel cell characteristics 1s shown
in table 3.1,
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Mapor camponenls of the fuertial cnergy siorage sys-
tem for a mechanical flywheel bus.

Table 3.1

Comparison of Battery and Fuel Cell Characteristics

onergy density—
irpe icati-howrs per’ pound nfieraling
temprerature °

theoretical fractical ®
Balteries:
Lead-acid. . .. ... . . .. 115 10--12 RTf
Silver-cadmium . . ... . 120 27-31 RT
Silver-zine...... ... .. 220) H0-50 RT
Nickel-iron. . . ... .. ... 138 15-17 RT
Nickel-cadimum, ... . ... 107 18-20 RT
Sodium-sullur. .. .. ... .. 346 204 370
Lithium-meltal halides. . .230-745 20-80 RT
Hybrids:
Zinc-alv.. ... L. 500 160 RT
Sedivm-air. .. ... ... ... 930 480 270
Lithivm-chlorine. . ... . 1,040 250 1, 200
Tuel cells:
Hydrogen-oxygen. ... ... 1, 660 400-500 up to
A00°F
Hydrogen-uir. . ... ... 14, 930 [.300-2 000 RT
Hydrazine-air.. . ... . . i,515 400-500 RT
Methanol-air.... ... .. 2,760 3600 RT
Hydrocarbon—air, oL 6,330 a0 reforim hy-
drogen at
400°I

* Includes weight of bhattery or fuel cell structure.
T Koo temperaturc.

Mechanical flywheels have been used o store encrgy for buses
in Furope and Japan. The flywheels arc acceleraled at stops
from overhcad clectric power posts, which takes only a few mo-
ments, and operate without pollution and with very little noise.
Advances in materials arc possible which could permit smaller
wheels and greater energy storage. I developed, flywheels
could be a feasible means for propelling buses under American
urban conditions. Hybrid combinations of a flywheel with an
clectric motor-generator and another form of engine can pro-
vide vehicle propulsion or means of accelerating the Aywheel at
peak engine efficiency with little or no air poilution,

Electric Power Transmission: For vehicles which stay in contact
with the guldeway, including those vehicles driven by linear
motors with the power applied to the rotor, novel power-dis-
tribution and power-cellection schemes are being explored. The
standard shoe-on-power-rail or pantograph-on-catenary will
probably continue in use; servo systems have been suggested
so that the shoce or pantograph can follow the ruil or catenary
more closely without being spring-loaded. THrect-contact tech-
niques will serve for vehicles up to the 200-m.p.h. range, even if
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Actice suspension sypaewms offer possibilities for im-
proved  passenger comfort through adeptation of air-
nil spring deam pers.

the vehicle iself is riding en air. Power transnnssion techniques
which involve an air gap merit [urther investigation for longer
term application to high-speed future svstenis of transportation.

SUSPENSION AXD GUIDEWAY COMPOXENTS

Guideway and suspension methods remain @ major challenge
for rescarch and devclopment. partly because the advances
needed for futaristic svstems, being largely inapplicable to auto-
mobiles, have received relatively less atfention than propulsion
devices. They arc, however, of great importance. Improvements
in conventional mechanical suspension and rail guideways are
requircd for even modest increments in speed and comfort,
while for major advances new technology elearly will be needed.

Active Suspeniion Devices: Performance characteristics of
springs and dampers, modulated to amticipate roadbed irregu-
laritics, may be worked out through the adaptation of aircraft.
military tank, and intercity rail technologies. ‘Though there are
many engineers who belicve such complex mechanisms may
ciuse more trouble than they are svorth, the possibilities should
be researched in terms of the potential improvements for pas-
senger comfort. especially at urban speeds.

Air Suspension or Air Coshions: These offer some of the most
promising developiments in means for cupporting new transpor-
tation wwstems. ‘They will require, however, a great deal of
further test and evaluatinon before problems of noise, excessive
need for power, vehiele switching and steering, and operation on
grades are solved. The potential advantages, however, are
<ubstantial: Wide distribution of weight on guideway and ve-
hicle. reducing structural complexities: negligible roadway
wear; elimination of wheel problems such as bearmg failure,
tmbalance, and boance: and simplification or elimination of
secondary suspension devices such as springs and shock ab-
sorbers. Several vehicles have been designed using air sus-
pension with high clearances, but low clearances are better
from the standpoeints of noise and pewer consumption.

The frictionless character of the air-cushion system requires
that =ome thrust-producing device be provided to drive the
vehicle, and that some methoed of produeing cither reverse thrust
or [rictiemal drag, or both. be provided for braking. Since the
air gap 15 an integral characteristic of the system, the lmear
electric motor seems o logical choice as the propulsion means,
and this tends to limit the use ol wr-cushion vehicles to routes
with some tvpes of gnideway. Combinations of linear-motor
propulsion and air-cushion suspension appear to offer con-
siderable promisc in the development of quict, simple, pollution-
free urhan transportation svstems.

ELEVATED STRUGTURE DESIGN

Artists” concepts of futuristic transportation systems so often
portray graceful, airv sirnctures soaring ubove the city with the
beauty of a picce of sculpture. The reality, even with the kind
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The qudet apieration of the Mowtread Expo 67 Ainirail
i enhanced by o

The dark, dingy, Huisy mefynsian of the ald Fhivd
Avenee Bl eas a mavked contrest to present  day
structural possibiliics.

el igee stipfaifing struefure.

of new systems discussed in this report, is not so ethereal and
their deleterious effects may extend from esthetics to neighbor-
hood property values and social cohesion,

The new systems study found that it would not be possible
to design elevated structures entirely free of adverse effects.
Yet new suspension methods which distribute vehicle weight
more evenly than present equipment and which create fewer
vibration problems would help reduce the bulk of supporting
structures. Vehicles which carey smaller passenger loads, with
resulting lighter weights and lower profiles permitted by new
suspension techniques, would permit the design of elevated struc-
tures that eventually could come much closer to what was ap-
pealingly offered in the Montreal Expo 67 Minirail system than
to the dismal designs of the old Third Avenue Fl or the Chicago
Loop. Tndeed, it may eventually be {easible to incorporate cle-
vated gaideways imto adjacent buildings, passing through them
or making them u part of arcades and malls separated from
ather city streets,

‘Transit construction and operation costs can be mcet by
changes in tax laws to recover some of the appreciation in
property values attributable to proximity to attractive new
public transportation systems. With financing of this kind,
right-of-way construction can incorporate renewal of adjacent
urhan areas, so that the whole project would require less land
than that consumed for urban frecway rights-of-way, For ex-
ample, a typical four-lanc urban freeway requires about 80
feet of width with median strip and safety shoulders. For com-
parable construction costs, a double-tracked personal ripid
transit guideway would be 17 [eet wide as an clevated
structare,

TUNNELING
Underground rights-of-way have obvious advantages com-
parcd o other kinds in crowded urban conditions—especially
with increasing costs of urban rights-of-way, and the resulting
social and economic dislacations, together with local tax losses
[rom use of land for transportation purposes, Their great draw-
back has always been cast, though the trend in tunncling
costs has been rather steadily downward over the past 40
years due to mechanization of cxcavation and hauling. Tunnel
construction is slow as well as expensive, and ventilation of
tunnels makes them expensive to maintain as well as to build.
Rescarch work to lower tunnel costs and to speed construction
times is very important to the futurc of urban transportation.

“*Mechanical moles™ used in the construction of the Munich
subway aund for nonvehicular tunnels in this couniry appear
to exhibit the greatest potential for cost reductions. These ma-
chines may cut excavation costs by as much as half, and since
excavation accounts for approximately half the cost of vehicalar
tunnels (the balance heing for lining, roadbed and utilities),
this could mean an cverall saving in construction costs of 25
pereent.

Machine tunneling has not heen successful to date in very
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hard rock, but here experiments with techniques for weaken-
ing rock with laser beams, ultrasonic vibrations, chemicals, and
heat show promise. Dilferent proposals for modernizing other
facets of tunncl construction include the control of cave-ins
and water in soft ground hy injecting cementing agents, the
reduction of labor costs through the antomation of tunnel
lining and its amalgamation with excavation in one continuous
process. Many difficulties must be resolved before these tech-
niques are even competitive with conventional methods, let
alone cheaper, but they appeared, on the basis of the new
systems study, to warrant further investigation.

GOGDS MOVEMENT
Movements of goods into, within, and through the city are
essential to the economic prosperity of its citizens and the health
of the city; these movements also contribute heavily to the prob-
lems of urban congestion. The goods-movement systems of the
future metropolitan area should logically be encouraged to grow
along with, and in relation to, the systems which are evolving
for the movement of people,

Autoruation has been applied to materials movement of cer-
tain kinds within modern factories and warchouses, but not to
goods movement between buildings and between districts of
congested cities. Central business districts and major activity
centers provide both the most urgent needs and the most propi-
tious conditions for the installation of automatic goods delivery
svstems. 'L'he novel systems probahly should be off-street as well
as automatic, sincce a prime objective is the freeing of steects
fram all the congestion and noise of truck movements, truck
parking, and loading-unloading operations.

Since conveyor, puneumatic, moving belt, automatic small
car, and other suitable technologics alrcady exist in nuning,
manufacturing, and warehouse applications, the central prob-
lem is to select and adapt technologies which are appropriate
to the complex institutional, architcetural, platting, traflic, and
labor relations problenis of downtown districts. In less densely
developed areas, such us airports and new towns, it is quite
possible that the same svstems of automatic small cars which
deliver goods might also deliver personal baggage or passengers.

Automatic, off-street goods delivery svstems could lring
dramatic relief 1o traffic congestion, air and noise pollution, and
could increase economic efficiency of doing business in major
activity centers. For Tack of substantive data on demand, trip
origins and destinations, and the like. however, it is possible
today to reach only an intuitive understanding of the dimen-
sions ol the goods-miovement challenge, There is an urgent need
for comprehensive data, for gquantitative studies and for analvses
of the prablem. Only when the data are available and the anal-
vses have been undertuken and completed, can the technology
be expected to provide realistic solutions.
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NEAW SYSTEMS OF URBAN TRANSPORTATION offer many alternatioes
for travel throughowt o metropolitan arvea. Fast intvaurban

transit links can sevie travel needs betireen mafjor urban nodes,
Persanal raplid transit can qutomatically serve fow-to-medivm
population densities over a netwaork of guideways. Dund mode
vehiele systems can angmont pevsonal vapid transit with small




cars or bses which can e driven on ol stvects and travel on
awtomalic guideway neliembs, Dicla Bus serveice can colfect
and distyibute puassenpers tn fow-density aveas oo demand,
Tlyoweh combinations wnd efficlent use of these new systems,
peaple can be provided with oveater acoessehilify da the oppor-
fnrdees of nvban fife.
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RECOMMENDED FUTURE SYSTEMS

The {ollowing seven major types of new systems of all the many
candidates investigated, were found to possess not only a high
cxpectation of technical and cconomic feasibility but also to
contribute significantly to the solution of major urban problems.

1. DIAL-A-BUS (DEMAND-ACTIVATED BUS SYSTEM)

A major failing of public urban transportation today Is its
inability to provide adequate and attractive collection and
distribution services in lower density areas of a metropolis. In
some parts of urban areas and in many small cities and towns,
the travel demand is too small to support any transit service at
all. 1t is simply economically infeasible ta route and schedule
present transit vehicles efficiently when only a few people want
to go to and from the same places during a short peried of time.
Rail systems are too cxpensive and are technologically unsuited
for low volumes of demand. Ordinary buses cannot maintain
sufficiently frequent service in outlying areas to attract any but
those who have no alternative. What is needed is a public
transit system which can respond dynamically to the needs of
these areas, that is, a system whose routes and schedules are
both flexible and ubiquitous.

The Dial-a-Bus, which is 2 hybrid between an ordinary bus
and a taxi, could be the basis for such flexibility. It would pick
up passengers at their doors or at a nearby bus stop shortly after
they have telephoned for service. The computer would know
the location of its vehicles, how many passengers were on them,
and where they were heading. It would select the right vehicle
and dispatch it to the caller uccording to some optimal routing
program which had been devised for the system. Thus, the
system could readily link many origins Lo many destinations.

A Digl-a-Bus, with it's position established by autainatic velicle swonitor-

ing, can be rvouted by compnder and a communication {ink to collect
passengers who huve called for service.
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Custormers desiving Dind-n-Bus service could telephone
the controller [rom howe and iodicate their desived

sMarting fine, origin and desiination. A signal on the
paned might annoumes the approach of the Dial-a-Bus.

The diffused pattern of trip origins and destinations which
this system would serve is most dominant in low density suburbs.
But it also cxists in a different form in the most thickly popu-
lated urban areas.

The cost of taxi rides can be driven down by sharing rides,
and basically the Dial-a-Bus system is designed to accomplish
this. Data from the new systems study suggest that, depending
on demand, door-to-door trausit can serve its passengers almost
as fast as a private taxi but at one-quarter to one-half the
price, indeed, at only slightly more than the lare for a conven-
tional bus,

With its operational flexibility, the Thial-a-Bus system could
be programed to give different levels of service for different
fares. At one extreme it might offer unscheduled single pas-
senger door-to-deor service, like a taxi, or multipassenger serv-
ice, Ttke a jitney. At the other extreme it might operate like a
hus service, picking up passengers along specified routes which
could include several home pick-ups. The system might also be
programed Lo rendezvous with an express or line-hanl earricr,
and in serving ax cither a collector or distributor, provide the
opportunity to improve the complete transportation service.

The major point iz that the Dial-a-Bus might do what no
other transit svstem now docs: Handle door-to-deor travel
demand it the time of the demand. This means that the system
would attract more off-peak husiness than does conventional
transit. And if it docs attract cnough passengers, the off-peak
revenue would help Dhal-a-Bus avoid the same financial prob-
lemns of conventiongl transit, which ix used heavily only 3 or 4
hours per day. Tt could also help reduce dependence upon
automobiles.

Technically. there is little question that the system will work,
Any nunuber of existing vehicles can comflortably carry 12 to
24 pissengers. Some of the best are now offering service o alr-

DHal o fues eall stations cowdd e Tavated ot conveenient interveals throvghoeut
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ports. Present computers, radio communications, and telephone
links are fully adequate 10 the major needs of Dial-a-Bus.
Mathematical routing and the awociated computer programing
present no real obstacles. What must be done is to put these
isolated clements together into a unified svstem. Dial-a-Bus
service could be made somewhal more cfficient if the buses
were equipped with automatic monitors (o report each vehicle's
location to the dispatchers at frequent intervals. Although these
monitors do not now cxist, there is no technological barrier to
developing them, as discussed alove under the automatic ve-
hicle manitoring subsystem.

The cost for a given level of Dinl-a-Bus service is a function
of many variables. These include the nature of the street systern,
the cruising specd of the vehicle, the distribution of demand,
and the size of the area served. Perhaps the most uncertain of
these variables is demand density, the number of trips generated
per squarc mile per hour. Dial-a-Bus systems probably will be
most efficient at demand densities of 100 trips per square mile
per hour- a level that is harelv practicable for conventional
bus service.

A limited demonstration of the Dial-u-Bus concept, using
existing equipment, could almost certainly be achieved within
3 vears at a cost of less than 1 million. A definitive full-seale
demonstration of Dial-a-Bus service. using vchicles and control
equipinent specifically designed for this purpose to test the Tull
range of possible benefits, probably could he completed within
7 years at & cost of less than $20 million. (Refer to app. A.)

2. PERSONAL RADPID TRANSIT
The demand for transportation in areas of medinm to low
population density is at the present time predominantly served
by private automobiles. Public transit trunklines may traverse
these areas, but cellector-distributor service is poor if it cxists
at all. More than half the antomebile travel in large citics occurs
in such areas in trips longer than 27 miles. Increasing travel
demands of this kind, unmet by public transportation services,
tend to cncourage multiple-automobile ownerchip and usc;
often these additional auvtomobiles can be neither afforded nor
cfficiently accommadated.

To provide accessibilitv and semvice to the profusion of
origins and destinations in these netropolitan areas, a system
is needed which can bhe designed to be more responsive to the
requirernents varving population densities and land use pat-
terns might generate. One such concept is “personal rapid
transit,” sometimes called areawide individual transit or net-
work transit. [t would consist of small vehicles, each carrving
about the same number of persons as an automohile, These
vehicles would travel over an exclusive right-of-way or guide-
way network, cither over standard routes, or clse automutically
roated individually [rom origin to destination at network
stations,

Personal rapid transit would provide travelers the important
advantages of minimum waiting time at the origin station,
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Povsonal vepad fransit conld sevve ald bat e lotweest densite siufavin with
a wetaaek oof fires sl fhied o et the aren seontd e owarve than 2
stles fram o DR station.

and private, secure accommodations. At the heart of the con-
cept s the premise that personal transit would serve a metro-
polis, except perhaps for its lowest density outskirts, with a
network or grid of lines, cach perhaps o mile or two apart,

Empty passenger vehicles or “capsules” would be available
at each station on the network. The riders would enter one,
select and register their destination, and then be transported
there antonatically, with no stopping. The average speed would
be essentially cqual to the vehicle speed. The station spacing
on i guideway netwark for the system would have no influence
on speed of fravel. Passcnger demand and station costs would
dictate proper station spacing,.

Empty vehicles would be recirculated automatically to main-
tain an inventory at cach station, and passengers could be
routed past stations without stopping until thev reached their
destinations. Tdeally, such a system would give travelers the
me privicy as A private automobile, although during peak
periods in eities with particularly heany corvidor movements a
traveler might have o share a vehicle with two or three other
PassenEers.

The auideway network covering the metropolitan area is
the essential ingredient of the personal rapid transit system.
Withont a network of guldeways the svstem conld hardly avoid
conventional heavy dependence on work trips and o radial
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oricntation to cxisting central business districts. Thus, it could
not provide adequate transportation alternatives in large met-
ropolitan areas with a wide dispersion of trip origins and
destinations. No muatter how sophisticated the technology,
transit which operatex without some sort of network service
pattern ahmost certainly will remain a marginal service in the
movement of urban populations,

Network systems of personal rapid transit would perform
economically with travel demand ranging from 1,000 to 10,000
persons an hour in a travel corridor—the medium to lower
density conditions in which mass transit systems today usually
perform inadequately. Yet these corridor travel demand levels
prevail in most metrapolitan areas. The network system, morc-
over, could have average speeds of 50 1o 70 miles an hour,
asubstantial improvement over average urban freeway speeds.

The roadbed or guideway for personal rapid transit might
consist of rails or surfaces for air bearings; the vehicles could
use stecl or rubber wheels or air pads. Propulsion could be in
the vehicle or in the guidewav itself. Each guideway would
he abont 5 feet wide and could be a single-lane over sub-
stantial portions of its length. The narrower and lighter struc-

A suburban personal rapid transil dadion shoming fuvnowls for wvehicles




A four-paszenger bersaned vapid transit velicte.

Awtomated pifdowavs miay be defressed—as in this parkivay adjacent to
residentfal greas—at grade fevel, v elerated to suit the locale of the

instaliafiog.
tures should require less land. They also could be more at-
traclive than reany urban freeways. All these options arc open
to the design engineer; no particular solution has yvet been
shown to be antstanding.

A personal rapid transit system having these performance
characteristics is an important element in a viable urban trians-
portation system for a number of reasons:

® n exclusive right-of-way Is essential il public transportation
is to be automated and if it Is to escape the congestion of gencral
street traffic. Forced to compete with automobiles on crowded
streets, other forms of mass transportation are inherently at a
speed disadvantage.

® Aulomalion can make transil service more competitive with
the automobile, since it is the only safe and efficient wav to
nperate a system using numerous small vehicles.

® Small. individualized vehicles avoid the chief delays of pres-
ent rapid transit: Stops at intermediate stations for other pas-
sengers and waiting or dependence on a schedule at the origin
station,

® Addinonally, use of small iphtweight vehicles, with the quiet
suspension and frropulsion mechanisms which can be developed,
and the less massive elevated and station structures such svstems
would permit, would minimize the impact of the system on the
environment.

The new systems study found over 20 existing proposals for
various kinds of personalized transit, most of them little ad-
vanced heyond the original concept. The greatest amount of
development work is needed for automatic electronic controls,
Maintaining safe headways to permit stopping in casc of an
emergency on the line ahead is a very substantial problem in a
systemn nsing small vehicles and yet still aiming at high traffic
volumes. Such operation requires vehicles to be run far closer
together than they can now, but the problems involved in real-
izing this potential require further research.
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A network of exclusive right-of-way transit on any such scale
poses cbvious problems other than technical ones, Clearly a
major investment would be required, though costs might be
reduced by running the guideways on clevated structures using
the medians or margins of existing rights-of-way. Tunncled
guideways and grade level or depressed gutdeways would be
less expensive than conventional systems requirements bhecause
of the smaller vehicle size of personal rapid transit.

Personal rapid transit could probably operate at costs below
11) cents per mile if its capacity were 6,000 riders per hour and
if the demand were sufficient to generate 15,000 riders per day,
ot the average, over cach section o guideway. In sum, the
real issues concerning the feasibility of personal rapid transit
svstems, as for all new systems, are not merely technological
ones, they inchude the guestions of cost and salety as well. These
questions cannel be answered with absolute precision at this
time, but indications are that personal rapid transit will be many
times safer than the private automabile, and vet will cost no
mare than modern mass teansit systems proposed in arcas of low
to medium valume travel demands.

Pevsonul repicd transit stations in the subwrbs would be veacked by il ¢
Bus and Uy private or public autaimobile seevice. (P45),
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Aninner city persanal rapid transdt station

A prototype of such a system could be developed, working
perhaps from an existing system such as the Uransit Express-
way demonstrated in a HUTD project in Pittshurgh, Such a
prolotype system might minimize contral difficulties, for in-
stance, by requiring passengers to transfer—a requirement that
might not be too onerous in some metropolitan areas becanse
networks reqmiring few trunsfers could be designed,

The ultimate goal should be a system that does not require
this kind of temporizing. Yet control problems hecome even
more complex i the areas of merging one vehicle stream into
another and of routing numercus small vehicles automatically
over a network of guideways, with provisiens for switching off
the line at stations, of maintaining adequate supplies of empty
cars at stations, and of distributing vehicles so that congestion
dacs not result on any line. The new systems study found that
these problems are surmountable, and that a protatype svstem
could be developed, tested, and evaluated in less than 10 vears
at a cost of about $250 million.

i. DUAL. MODE VEHICLE SYSTEMS

On the outer fringes of the personal rapid transit system just
described, the network of lines in the lower density areas, to re-
main economical, would probably be too far apart for con-
venient walking access, and unsuitable for short neighborhood
or local trips. The new systems study found the dual mode
vehicle system to offer a possible solution to these problems. In a
dual mode system, the vehicle can convert easily from travel
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The dual wode vefticle systew condd aperate on Hre same netivark of fines
nsed by personal rapid trunsid, Pehicles would defve from the sheels
ante the puideways at sefected PRT stations.

on a streel to travel on an automated network. Tt thus could
serve as a logical extension or elaboration of personal rapid
transit.

Dual mode personal vehicle systems would give the same
service lor persons who did not own or know how to drive an
automobile as would the personal rapid transit systern. They
would use public vchicles on the automatic guideways, and
would walk or transfer to other systems for local trips. How-
ever, the guideways also would be accessible to privately owned
or leased vehicles which could be routed on and off ramps con-
necting with ordinary streets, and driven over the streets to the
driver's destination just as in the case of an automobile. Al the
point of destination, the vehicles could be parked as they are
todav or, if they were leased for the trip, they could be turned
in al local connection points for redistribution to other users.
This last method has the advantage of minimizing parking
problems in congested areas.

A dual mode system presents more technical development
problems than the personal tramsit system. However, it shoutd
be possible to work on such problems simultancously with the
development of personal transit, and to so design personal transit
systems far ultimate dual made use. The earliest developmental
problems will be in the adaptation ol propulsion, suspension,
and gutdance systens [or use on both automatic guideways and
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regular streets. None of them seems insurmountable in the light
of present knowledge.

Propulsion on the guidewav, as in the case of the personal
transit system, would almost certainly be electric, probahly using
third rail power distribution in prototypes. In the final develap-
ment of the system, however, propulsion might be a version of
the linear motor discussed previously, Vehicles would thus need
ah electric motor; off the guideway they would run on hatteries
or use a separate engine lo generatc power for the electric motor,

Sinee these are the directions in which propulsion technology
for ordinary autemobiles may evolve 1o achieve reductions in
air pollution, the propulsion problems of a dual mode personal
vehicle are likely to be solved well before its other problems.

The most difficule technical problems are those assaciated
with the development of a control system, "I'wo different courses
are possible. One is to concentrate the hurden of control in the
automated guideway {using equipment like lincar synchronous
motors and wayside computers) ; the ather is to concentrate it
in the capsules. The cost and complexits of the guideways would
be reduced if the controls were in the capsule, but the controls
could be damaged when the capsules were off the guideway and
being driven by individuals, and there could be additional
safety hazards.

A prrsonal dapid ranadt dund e velidele station dewing a sinall car
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In the automatic mode, the vehicle wounld be powered elec-
trically from an external source. While in the manual or street
maode, propulsion might be initially from a turho-electric power-
plant. Eventually, an all-¢lectric propulsion system could
achieve minimum levels of noise and air pollution.

Because of the relatively long headways between vehicles,
the cantrols for intervehicle spacing, speed, switching, and stops
are not as complex as thosc required by the personal rapid
transit or small dual mode vehicle systerns. Nevertheless, the
controls will constitute a major portion of the research and
development effort leading to a demonstration of the antomated

Design of the eutomated duat mode bus wonld give particular eftention lo
passenger comfort on the longer exfpiess trips.

dual mode bus svstem. Significant cfforts will also be required
for the design and development of the guideway propulsion
system and mainline stops for passenger entry and exit while
the vehicles are operated automatically. The redistribution and
e[fective use of vehicles and drivers during off-peak and mannal
operating periods will require careful analysis, Consideration
has been given to the possible use of some of these vehicles as a
Diil-a-Bus during off-peak hours.

The automated dual mode bus could be developed and jis
feasibility demonstrated very likely within b years at a possible
cost of less than $ 15 million.

5, PALLET OR FERRY SYSTEMS

The most rapid population and employment growth in Ameri-
can cities today is in the suburban areas. As a result, the
percentage of trips having an origin or destination in a con-
centrated central city area is shrinking, and the number of trips
between low density residential areas and decentralized indus-
trial and commercial areas is growing. 'I'o accommodate this
growth pattern and to provide other options of urban develop-
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ment, modes of transportation which span cntire metropolitan
arcas with circumferential, as well as radial links, are essential.
A corcllary to the dual mode personal vehicle systems which
would pravide this type of service would use pallets to carry
{or ferry) automabiles, minibuses or freight automatically on
high-speed guidcways.

Pallets have several advantages. For one, the individual
would not have to buy or lease special vehicles, For another, a
single freeway or rail line could be converted to pallet opera-
tion; automobiles in the area could usc the pallet for high-speed
line-haul, thus preserving thc quality of automohile comfort
without the disadvantages of driving in traffic.

A vedl pallet or ferry system coutd make good wse of an abundoned or

selddean used rail Line in the eity.




TAST INTHRAUREAN TRANSIT LINKS

Cross traffic Detween saleilile centers

Areess to regional airports

Tn the rail system, the traveler’s private automobile, with the
driver and any passengers remaining inside, would be loaded
on a pallet and transported at high speed. The automobile
would not need special equipment and the pallet vehicle would
nol need to be much more than a platform or flatcar able to
carry about 10 to 12 vehicles, The concept is not limited to rail
systems, but could be adapted for guideways with electrically
propelled carriers.

The system would provide high-flow capacities per lanc,
as well as automatic operations over long route segments. Load-
ing and unloading might be automated, although the operations
would have to be restricted to lerminals with transfer
equipment.

A major disadvantage of the pallel concept is that it would
serve only vehicles of conventional size. (It could, of course,
be restricted to special small vehicles, but anly by losing a prin-
cipal advantage of general availability.} Thus, the pallet sys-
tems would not, in the long run, have much effect on congestion
in downtown areas unless it were coupled with extensive con-
struction of peripheral parking facilities or automated garages.

While only a limiled comparison of a pallet and dual maode
system was made, the new system study concluded that each
had certain advantages in particular applications. A Federal
program of research should examine both on the basis
that a rail pallet system could initiate dual mode operation when
asubstantial partion of metropolitan guidesvays were converted.
The feasibility of one form of rail pallet system could be demon-
struted within 5 years at a cost of less than $25 million,

6. FAST INTRAURDBAN TRANSIT LINKS

The diversification of travel in and around major metropelitan
areas requires [ast intraurban transit links to move relatively
high volumes of passengers between central cities and suburban
growth centers, Increasingly, they will he needed for line-haul
travel not oriented entirely to central cities: Grose trallic among
new towms, between satellite centers and international or re-
gional airports, and as feeder-distributor systems serving the
major high-speed ground lines along major regional cornidors.

New systems of fast line-haul links will he essential in the
development of new or renewed satellite communitics. Indeed,
they may be the only means to provide the focal points far fu-
ture metropolitan development patterns alternative to con-
tinued regional sprawl.

The ncw systems study investigated all the conceivably feasi-
ble new types of {ast intraurban transit links. At their best, they
can be quieter, smaller, and less demanding in guideway re-
quircments than current high speed intercity systems, Moreover,
they can take less land, and can minimize adverse impact on
areas adjacent to rights-of-way. For long-term development,
speeds in excess of 100 miles per hour are difficult to attain
economically with steel wheel suspension on steel rails because,
for acceptable levels of vibration, tracks must be preciscly level
and in cxact alinement. Further, vehicle stability requires
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Fast intraurban transit {inks can previde rapid aceess throughout o metro-
potitan areq between n wumber of distant droiinnts,

weight, which is expensive 1o move. Support, suspension, and
guidance for several types of fast intraurban systems may
evolve from the air-cushion principle.

If future intraurban link systems are to suceeed where coms-
muter lines have failed, they must be automatically controlled,
with vehicles capable of operating either independently or
coupled into trains. Automated systemns of single-car trains
would not require a large labor force to operate them, and

Aaalelfite vity fast dntronvban brasit fink station.




could be easily adjusted to fluctuations in demand. Linear
motors for propulsion, uir-cushion support and suspension for
the higher speed ranges, and automatic vehicle monitoring,
ticketing, and ridership counting cquipment, would all con-
tribute to safe, reliable, flexible service.

Guideway dimensions, turning radii. and support structure
requirements for intraurban systems arc such that fast transit
links could be installed in the medians or aleng the edges
of existing freeways. Rail rights-of-way could also be converted
innany instances.

One version of an intermediate speed intraurban link would
carry 80 seated passengers per car, for a system capacity of
16,000 passengers per hour. Another could carry 20 passengers
per vehicle and would be able to move 6,000 passengers per
hour in conditions approaching the convenience, comfart, and
privacy of the automobile. Higher and lower capacities could
be attained through changes in train lengths and headways.
Both versions of intermediate-specd systems require extensive
technological development and economic analysis.

The development, test, and evaluation of the 20-passcnger-
per-car fast intraurban transit link system probably could be

The main centret ciby termingl for a fest infraurban transit link system.




accomplished in less than 10 years at a cost of less than 850
millien.

The new systems study also considered other imaginative
concepts for peint-to-paint travel systems, such as the gravity-
vacuun tube design, many monorail system dcesigns, and also
various kinds of short-haul aircraft, both fixed-wing (vertical
or short takeoff and landing) and rotury-wing (helicopter)
Ltypes. Each of these types of systems, in their present and pro-
jected states of development, has some major problems, how-
ever, compared to other systems examined. Until these prob-
lems are resolved, such systems appear to offer few salient
advantages and would have relatively limited application for
travel within urban areas,

7. BYSTEMS FOR MAJOR ACTIVITY CENTERERS

Multitudes of people assemble cach day in the major activity
centers of a city; large airports, shopping centers, industrial
parks, and universitics, for example. Central business districts
are, of course, major activity centers. Provision must be made
for an adequate circulation system to better accommodate the
movement of people and goods within these centers, Cur-
rently, much of the travel in these areas is by pedestrians on
sidewalks. In a few cities, trains provide service in subways or
on elevated railways. In most areas, this circulation is now
provided by autos, taxis, streetcars, buses, and jitneys operating
on city streets, frequently under highly congested conditions.

The new systems study has identificd several circulation sys-
tems which offer the potential for moving large numbers of
people over short trips in a relatively small area and are capable
of doing so safely, comfortably, economically, and with a mini-
mum of waiting. Because modal separation is imperative under
the congested conditions of travel in activity centers, such sys-
tems must operate on some kind of exclusive guideway. Follow-
ing is a discussion of the principal types of systems.

Morving Belts: Horizontal convevor belts have been in use for
a long time. They have many advantages—low cost, no wait-
ing, no operators. A major disadvantage is their slow speed.
The very ald, the very voung and the handicapped cannot
get safely on and off sidewalks which are moving faster than
about 120 feet per minute (1.76 m.p.h.). In order to permit
safe loading and unloading, constant-speed belts must move
at such slow speeds that they can be easily out-distanced hy
the average pedestrian. Previous prototype systems approached
this problem by having people board faster belts from adjacent
slow ones. Continuous parallel track layouts, however, are ex-
tremely expensive, cumbersome to accommedate, and involve
significant salety hazards,

There are several other ways to approach the problem of ac-
celerating bell speed from 1.5 to 15 miles per haur that the new
systems study found worthy of further development and ex-
perimentation, These include belts whose length or width can
be varied during operation. Two ways of using variable length
or “stretching™ to produce variable speeds are to use a series
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of rigid plates which would overlap at slow speeds, or a “win-
dow shade” device that could produce varying speeds. This
second tvpe would be divided into sections attached at either
end to a scries of carts or boxes that would move along at
varying speeds. The spacing between the carts or hoxes would
be controlled mechanically; if they were a foot apart at a board-
ing speed of 1.5 miles an hour, they would have to move 10
feet apart at 13 miles per hour. As they moved apart the belt
matcrial would unwind from the “window shade” reel in the
carts and the passengers on the belts would be smoothly
aceelerated.

Capsule Transit: The complexity of moving belt designs sug-
gests that a type of small vehicle system may be more [easible
for major activity center usc in the long run, if sufficiently high
carrying capacities can be achieved, A lurge number of con-
cepts have becn proposed and several are actually being mar-
keted or arc in use, Some usc small cars propelled by moving
belts and arc accelerated and decelerated by variable speed
rollers. Others substitute variable-pitch screws for the rollers
or cables for the belts. All of these proposals have technical
problems of one kind or another, such as the mability to pro-
vide for an emergency—like the failure of one car—without
shutting down the entire systemy, The new systems study rec-
ommends that investigations of them be included in a Federal
research and development program.

Pedestrian movemend in centval cities can be aided by moving bells {as on
the ripht and feft) or by nelseoark caly tramit fas shown crossing the tHior-

oughfare}




A Beo-frassengor netork caly for trips uithin o major
activity center.

Network Cab Transit: While traditional transit forms are ap-
plicable to downtown circulation, on-street forms suffer and
contribute to congestion, while ncw subway systems are bath
very expensive and highly disruptive during installation. To
meet these difficulties, the study considered narrow light-weight,
low-noise systems, which can be suspended above city streets
or sidewalks with a minimum of intrusion.

Two systems were proposed which consist of small aute-
matically controlled capsules. The capsules carry one or two
persons { with room for parcels) and run at about 153 m.p.h. on
tracks high enough above the street level to keep from inter-
fering with cxisting traffic. To use the system a person enters a
capsule at onc of the many sidings and pushes a start button.
The capsule is automatically accelerated and merged into the
muainline traflic. Deccleration to a stop is done automaticully
when the capsule is turned into a siding.

Capsules travel along the main lines anly a few feet apart;
allow capacitics of about 8,000 vehicles per hour. For the speeds
and loads involved neither propulsion nar suspension is a critical
issue; direct-current electric motors driving steel or pncumatic
wheels will probably suffice.

Manv aspects of the new network cab systemt are similar to
personal rapid transit. Principal differences are in the speeds,
size of vehicles or cabs, and in spacing of the network grids. The
network cab system is intended to cover a much smaller arca
than personal rapid transit, This similarity affords the oppor-
tunity for closely integrated deveclopment efforts which tic a
circulation system for major activity centers together with
fringe area transportation systems Jike personal rapid transit.

The most complicated part of these systems is the merging
and spacing control. In the simplest type of system, operation
would be in a single loop and the merging wonld occur only
when cars left stations. Each vehicle being merged would pro-
ceed only if aslot were available; slots would not be deliberately
created upstream of & merge point. $pacmg would be uncon-
trolled cxcept for the minimum amount necessary fur emergency
staps. Speed control would not be precise, but would be limited
to the nominal system speed. More sophisticated versions are
possible, verging on the personal rapid transit system described
previously.

If developed concurrently, the leasibility of onc example of
these types of systems could be demonstrated during a 5-year
period at a cost of about $6 million per system [or a total pro-
gram estimate of $18 million. In order to fully develop, test, and
evaluate a serics of desirable systems which could be certified
safe for public demonstration, a program extending over 10
vears is estimated to cost approximately $118 million.
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Table 3.2

Summary Program Recommendations and Problem Areas

Contributions to Selutions of Urban Problems

. e
£z g_i ) = 33
2E 3 SECRN £ 53
¥ o g §Y F o= I, I
S5 5 % OE: E oy osf i
i 0f ¥ §&F & 0§ £% 3
e ¥ & o o PR =
Program elements - ~ - . - IR -
1.0 Improved Analysis, Planning, and Opera-
tions
1.1 Invesunent, hnancing, and pricing........ v v O 0 % @
1.2  Comprehensive planning . ... ... ... ... [ T T S B | i) 2 O
L3 Operating efliciency. ............. ... ... {0 3 . [ o
1.4 Social impact......... ... .......... ... @& {3 om0 O
[.3 Evaluation techniques...... ............. @ Oy o Oy i T ®
2.0 Immediate Systems Improvements
2.1 Urban bus systems. .. ... ... .. ... ... @ ® SN
2.2  Exclusive guideway systems. .. .. ... ... .. e O »
2.3  Urban automobile innovations. ... ... .. .. ® @ o 'O
2.4 Improvements for pedestriansg. .. ... ... @ U e i i
"2.5  Improvements of general application. .. ... oo O i
3.0 Components for Future Systems
3.1  Automatic systens controls. . ............ ¢+ & O @& O 2
3.2 Propulsion and power transmission ... ... . 2 ®
3.3 Suspension and guideway components. .. .. ] T [
3.4 Elevated structure design, ... ... o ® 0
3.5 Tunneling. ... ... ... oo O @ @& o
3.6 Goods movemenl. ... ..o ® 2 O o
4.0 New Systems for the Future
4.1 Dialez-Bus. ... ... ... ... ... & & (o OS]
4.2  Personal rapid transit systems........ .. .. e T O o8
4.3  Dual mode personal vehicle systems....... ® & O oD
4.4 Automated dual mode bus. ... o » & O O
4.3 Pallet or ferry systems. ... ..o ® U
4.6 Tast intraurban transit links. .. ........ .. ¢ . @ 0w
4.7 Systemns for major activity centers......... C O @ O & O o
Key: @prisary—TProject areas which are primarily related to or make » major contribution tu solutions of

urban problems.

6 sECONDARY—Project aress which make significant cnntributions (o solutions of urban problems, but
which urc secondarily related to the problem:

CymrecT—Project arcas which are indirectly related but which make substantive contributions to
one or more problem areas.
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SUMMARY: URBAN PROBLEMS AND PROGRAM
RLCOMMENDATIONS

Table 3.2 summurizes the recommended rescarch and develop-
ment program elements discussed in preceding paragraphs, The
relevance of each proposed program element discussed fo the
solution or anielioration of eight major arcas of urban problems
1s fllustrated. The estimated costs, and the allacation of funds
within the proposed research and development program are

KEY TO PROBLEM AREAS LISTED IN TABLE 3.2,

presented in Part IV of this report.

.

a

o

FQUALITY IF ACCESS T URRAN DPPORTUNTIY! Prescnt
urban transportation tends 1o isoliate and immaobilize non-
drivers: the poor, sccondary workers in one-car families,
the vanne, the nld, and the handicapped,

OBIECTIVE: Trunsportation cquily, nondrizer mobifity,

QuaLITY OF SERVICE ! Public transit service tow often is char-
acterized hy excessive walking distaners urand fram stations,
poor connections and ransfers, infrequent service, unrelia-
bility, slow spred and delavs. crowding, noise, kuk of com-
frre, and i Jack of information for the rider’s use, Moreover,
the passengers are (oo olten exposed to dangers o personal
safety while awaiting service, These defioencies lead 10 a
loss of patronage and o further decline in servive for the re-
MAINing passengers.

owjecrwve: Convenience und quality of ride approsimating
that of a private automohile,

concresTion: Congestion resudts in daily less of tine to the
traveler. Too often “salutions”™ are expensive in dollars and
landtaking, destroying the urhan environment in the progess,

opjECTIVE: (ompalibility or separation of parking loadiny:,
and movement in order tu reduce conpestion at reasonable
eronomic and social vasi.

EFFICIENT USE OF EQUIFMENT AND FACILITIES : Inereased of-
fictency and greater cconomy through better managenent
and  organizational techniques—including  cost control,
scheduling and routing, experimentation in usrketing aned
new routes—is necessary Lo satisfy urban trunspartation re-
QIITEMENTS &t manimem cost,

OBJECTIVE: Cdptimal wse of framortation meestments and
Syifemms.

EFFICIENT U5k aF 1aND: Transporwation functian: and
rights-of-way require extensive amounts of urbiain Lind, and
compete with other iniportant uses of the urban land
rescrarce. More rational arban land use patlerns aided by
new [arms of transportation could help reduce travel de-
mands, Jax can substituting communications for urhan
transportation] and achieve greater total transportation
service {or the amonnts of land required.

onJecnve: Righis-of-way eronomical in land wse; trans-
portation syitems unobstrusive in location and design.
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URBAN POLLUTION : Air, noise, and esthetic pollution from all
current modes of urban transpartation are ar too high, de-
grading unnecessarily the quality of the uchan eovironment.

OBJECTIVE: Quicter, cleaner. more altrackivc traus poviglion
systems, with drastic redction i exhanst palbutions and in
urban street notie levels.

URBAN DEVELOPMEIRNT opF1ioNs: [ransportation  invest-
ments ean be wed creativelv in the orderly development of
urban areas. Present urban transportation i< ofen not ap-
propriate for the modern city, Service is venerilly inade-
quate or unavailable for low and medium density areas,
for crosshaul wrips and reverse commuting, and for cireula.
thon within activity center< and satellite cities. Erban 1rans-
portation service should provide for choive in living stvles
and in lecations ax well as choice amony modes of orans-
portation. New town scttlements, as well as other con-
centrations of urban growth, could be feasible options for
land development patterns with improved intranrban trans-
portation services,

OB ECTIVE: Proride franipuitation aliernatives appivo priate
for a variety of urban development patterns.

L INSTITUTIONAL FRAMEWORK AND IMPLEMENTATION: An im-

proved mstitutional fraimework  legal, financial, EOVETR-
mental, and intergosermmental- is needed to eliminate
rigidities and anachronisms which prevent the adoption of
new technologies and methods, A framework which would
st metropolitan planning agencies and would enhiunce the
cffective cooperation of local governments in solving joint
transportition problems is necessary,

CBJRCTIVE: Orderly implementation of trancpartation im-
provements through reductiom ov vemaval of Institutional
and repulutory barviers. by permitting a creative federatism
on all fesels of government, and by facilitating private onter-
prise and financing.
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a recommended research
and development program

THY REGOMMENDED RESEARCH AND DEVELOPMENT PROGRAM
entuils a total program funding of $980 million phasced over a
period of 5 o 15 years. Tt could be a continuation and ac-
celeration of the 825 million research, development, test, evalua-
tion and demonstration {RDTE&D} program contained in
the Tresident’s fiscal vear 1969 budget, The allocation in-
ternally among the program elements shown in the cxample
plan in table 4.1 is designed for a totul [unding level of $980
million over 5 vears. Greater variations in the recommended
funding level and the program phasing would probably affect
the internal structure of the proposed program—the priorities,
the selection, and the scheduling of projects—in order to main-
tain & maximum return per research and development dolar.

Three basic criteria were considered in structuring the re-
scarch and development program recommended :

First, the program elements, or projects to be undertaken,
must be of significant relevance to, and contribute towards, the
amclioration of one or more of the eight salient urban problems
identificd by the new systems study, As indicated in table 3.1,
each of the proposals, components, and systems described in
this simmary report are indeed relevant to the eight urbun prob-
lem areas delineated. Tt should be noted, however, that there
remain nutnerous projects worthy of further rescarch and
development which could not be more than alluded to in this
brief summary report. The detailed information concerning
such projects will be found in the forthcoming technical reports
of the new systems study and in supporting materials.
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Table 4.1

AN EXAMPLE PLAN FOR A 5-YEAR URBAN TRANS-
PORTATION RDTE&D PROGRAM

A. Example Fiscal Year Funding Levels by Program
Elements, 5-Year Program

15 miltion, estimated)

progran: elements .
vear I year 2 year 3 yrar & yeer § tatal

Improved analysis,

planning, and

operating methods. . $20  $20  $30  $30  §40  §140
Immediate systems

improvenients. .. ... 70 70 60 60 50 310
Components for fu-

wre systems. ... ...,  O0 50 A0 40 30 210
New systems for

the uture, . ... ... 40 40 it} 70 100 320
Total........ ... .. 180 180 200 200 220 a80

B. Example RDTE&D Funding Levels by Program Ele-

ments
{(§ miffian, rifimated )
froagram efements Devslop- ‘Testing  Urban
Research memnt and qz.-'a!— demion-  tntal
uation stration
Lmproved analysis,
planning, and oper-
ating methods, ... ... 340 $50 £30 §20 %140
Linmediate systems
hprovements, .. ... .. 30 90 90 oy 310
Components for future
systemis. . ... 40 70 70 30 210
New systems for th
future, . ... L 50 30 a0 111G 320
Total.. ... o . 160 200 270 260 980

Priority iy given to those projects which are most likely to
yicld the greatest benefits over time for the moncy expended
on them, with benefits weighed as contributions to the solutions
of significant urban problems. A problem-solving orientation
has been followed throughont in order to identify the most
pertinent projects. More precixe estimates of the scope and
amount of the henefits to be enjoyed from the recommended
projects and activitics must await the further information gen-
crated by the carly phases of the program itsclf.

82



A second criterion of sound program structure and manage-
ment, which has helped shape the recommended program,
involves the concept of a mix of uctivitics; a mix between rela-
tively low-risk, near-term projects and higher-risk, langer-term
proposals. The concept of a mixed strategy for an optimal pro-
gram also refers to an appropriate combinatinn between the im-
proved planning and opcrating methods, or “software” pro-
gram elements, and the technological or “hardware” elements.

This research and development program was influenced by
the need and desire to pursue projects with early or near-term
payolfs. It is cssential that cfforts be made as soon as possible
to case worsening urban transportation problems, At the same
time, if citics are to enjoy significantly improved transportation
in the future, work must be begun on those promising systems
and components which likely will require vears of further
development. The recommended program reflects a balance
between these factors,

The third criterion followed was to maintain an appropriate
expenditure level among the types of program activity under-
taken, whether research, development, test and evaluation, or
urban demonstration. Since the meanings assigned to these
terms are nat necessarildy everywhere uniform, the definitions
of the terms used are as lollows:

Research is largely applied rescarch in the scientific sense,
leaving basic research to other agencics who are now conducting
such rescarch;

Development is the development of technology to the proto-
type stage, leaving the product and production process develop-
ment to private industry;

Testing and eraluation involves that laboratory work which
15 required to determine the technical feasibility of improve-
ments and innovations and to estimate their social and economic
feasibility sufficiently to assure that testing in the real world
s warranted at all,

Ilrbhan demonstration, as used here, is the actual installation
and muarket testing in urban areas to determine the social and
economic feasibility of improvements and innovations for even-
tual implementation in the capital grants program. | Refer to
fig. 4.1.)

Many ol the technological possibilitics revealed hy the new
systems study have already absorbed vears of research and de-
velopment activity, whether in private industry or in the gov-
ernment. Further research on these “ripe” projects is not needed,
and urban demonstrations with them could begin alimost im-
mediately. The Dial-a-Bus new system is just such a casc in
point, and a more detailed program for the Dial-a-Bus is con-
tained In Appendix A. On the other hand, a premature rush to
demonstrate certain other of the new systems and components
i urban areas would he uneconomic and wasteful pending
further research and development,

Finally, in designing the program to meet thix criterion of
balance among types of activity, the extensive and important
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Figure 4.1. RDTE&D funding levels by program elements
(in $ millions).

($140)

‘D

Improved planning and
operating methods

Immediate systems improvements ($310)

<’

4

Components for fuiure systems

($210)
New systems for the future ($320)
LEGEND
R_Research tole of private industry was an important factor. Scarce Federal
D—Development moneys are nat to be expended n research and development
T8&E—Testing and Evaluation activities already pursued salisfactorily by private enterprise.
UD--Urban Development They are instead to be used judiciously to stimulate flagging in-

terest in eritical arcas and to help share the extensive un-
certainty or risks surrounding some essential projects, risks
which private industry alone could not absorb.
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appendix a

DIAL-A-BUS RESEARCH, DEVELOPMENT, TESTING,
EVALUATION & DEMONSTRATION PROJECT PLAN
(RDTE&D)

Attached is an example of a RIDTE&D project plan for a de.
mand activated “Dial-a-Bus™ system. This concept of urban
transportation service has been variausly called “*DART? (Dy-
namically Actuated Road Transit}, ¥Genie,” “Demand Bus,”
or “Computer Aiding Routing System”™ {CARS), Essentially
the purpose of this system is to provide a passenger collection
and disttibution service in « low density area with more con-
venience, and with shorter trip times, than a scheduled bus
and at lower costs than the single-passenger taxi. The collec-
tion and distribution may be made throughout the area us an
off-peak, many-to-many scrvice, or it may provide peak-hour
feeder service to and from a rapid transit station.

Diul-a-Bus service is provided by a fleet ol computer-sched-
uled vehicles which are intended to carry @ number of passen-
gers on each trip. The service responds to demands {rom the
customer initialed through a telephone or a push-button call-
box connected with a dispatching center. A computer at the
center determines the route for each vehicle to take in collecting
or discharging its passengers. The routes arc based on the least
ride time for the passengers and the most efficient operating
strategy for the systein GIeTAturs,

The purposc of developing and demonstrating this service
concept is to answer such questions as:

What will be the public acceptance and use of the service?

What kind of operating costs will be incurred ?

Can the service be used for off-peak movement of goods and mail?

Whut will be the effects of differential pricing policies?

What eoliection and distribution sirategies are hest?

Can rquipment and vehicles tailored for this service improve per-
formance and reduce costs?

What problems will he presented by labor union and jurisdictional
gueslions?
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Table 4.2

DIAL-A-BUS RDTE&D PROJECT PLAN (EXAMPLE}

Siseal years

phaies &millions | sear 7| year? | yewr3 | year S year 3| year i
DIAL-A-BUS |
I_Lun_ou;;c ;ﬂervice ............. —_ e .03 — i
(Non-Federal share)}. ... ... ... . ... ... .. (.01 o
Totalcost. .. ... ... ....... o .03
Federal share. . ... ... .. ... ..o, .02
DIAL-A-BUS I
i:_l_‘ruject prtparatig)n. . __ .- ._ ............ _ ;03 o
2. Specificalion and pricing. . . ... .......... .. .01 —
;I_Eélﬁ_i.pmcnt and system performance testing. .. 06 —
4, Demonstration test, ... .. ... ... ... .. ... .54 — ]
(Non-Federal share). ... .. ... . ...... . (. 25) _
3. Fyvaluation. .. ..., i ____ __ ............ .04 : — _
Total eost. .. .. ... . 68 N
Federal share. .. IO .4
DIAL-A-BUS 11
1. Optimal routing algorithm........ ... .. .. . 40 -
2. Performance characteristics. . ... ... ... ... .20 - i ]
3. Equipment and saallations. ... 200
 (Non-Federalshare). ... ............... .1 (100
1. Pricing algorithow. ... ... .. o o Lo _lU “ -
E} _".l"_cs.t demonstrations: . N “
a, City A—Sole transit system.. ... ... ..... 5() B ——_ ]
(Non-Federal share) . . .. ... | esy! |
. City B—Transit feeder system..... .. ..., .50 N
(Nan-Federal share). ... ... ... .| (25 I
6. Fvaluation. . ... ... ... ... .29 —————
{(Non-Federal share). ... ... 0 .. ... (.11)
Total cost.. .. . . o 3.92
Federal share.. ... .. ... . ... .. . ..., 2.31
Total Tederal cost per year (Dial-a-Bus I, IT, and III}! .02 .35 . 61 | .78 i .93 .07

NoTE: Line widihs are rougnly proportioied to expenditure rates.
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T fsead years
filhvases & mriffions veur f Vrar 2 l Jiar3 ' vear £ gear § year e T : year 8
N . ‘
DIAL-A-BUS IV -
i. R(t’ wrements and systeis ax-q]xm .18 ) — | !
i fE:)n rlcre-i_l_-"]_l.m(‘) . 09) ] i o __’
m poncnt a:clopl“( L and test: " ) .
- Con una];-d ruicance and cmllr(;lm _1 20 !
b, Vehicle d(__\l[_’,l and developmneut. 325 a -
3. Feast) nilt\ oSk - o |
a. Fxperitent dL‘slf’Il e i s I ;
b I'(_l_\_l-l_p_l-;'l( nt dcsw-l. wirld [abnca‘u()h. o _2_ Iy T
e ()pl?l"dl.l_U;.i_éllll'l test, L _ ..... ..... .82 o
{Non-T'ederal share), .. TS .
1. Full reale deonstration: | i
. Lqmpmm.l pt:-n( arenent (]J.ld”l["lbtdlli\.tlt)ll 3.0 !
(\(m Federal share) . (2 757
. I Test and evaluation. 2. 50 : ] )
*(F\rm rl"dﬁ';"li.‘;h'll‘e) 11.235) - ‘ , B
Total CoSt o .| 1563 |
H_l"t?dl'.‘.l‘:ll sharc'............:... L 11, 12 _ i ‘
Total Federal cost per vear {14al-a-Bus L IL TTI, and IV) (32 L 224 368 4. 43 1.e3 o4 .75

NOTE: Line widths are rouelly propurtioned o expenditure tates.

The tollowing RDTE&D project plan is an example of a
phased program to exploit this concept. (Refer 1o table 4.2.3
® Dal-a-PBuc I An initiad demonstration would test the ac-
ceptanee and feasibility of this serviee inalaw density suburban
area, Initially, the sestens would use two alrport-type [imousines,
standard radio and wlephone commumeations, and manual

dispatching. This test wodd Lea 6 months and cost o taal of
about $30,000 (820,000 Federal ;.

® igl-o-Bus TEA secend demonstration wonld evaluate de-
mand service in i Iow to moderate income housing area as a
feeder to a rapid tranat line. Thiz svatem waould nze 24 limou-
ses :"}pt‘r‘ating i o area of about 6 squure 1iiles, spc'ri:l] terle:-
phone and communications equipment, and  compuoterized
schedaling and rowting. This test would cover a period of 27
months at a total cost of approximately $680.000 1 $430.000
Federald.
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® Dial-a-Rus I1{. This demonstration would test and comparc
two hypotheses, One is concerned with the effectiveness of Dial-
a-Bus service in a large low density city where there s virtually
no other form of public transportation, The second Lest In a
different citv would evaluate the use of Dial-a-Bus service as a
feeder to a series of rapid transit stations not presently served
with « collection or distribution system, In hoth tests, vehicles
would be leased from franchised taxi companies. The cost of
computers for dispatching and communications cquipment
would be shared with the local companics and public agen-
cies. These tests and the final evaluation would extend over 414
years at a cost of about $3.92 million {$2.30 million Fedcral
share).

® Dial-a-Bus IV, This longer-term demonstration affords the
opportunity 1o achieve a [ull scale demonstration using vehicles
designed specifically for demand service. They would be based
on NAS/NAFE designs, made smaller than conventional huses
o avoid obtruding into residential areas, would be quiet and
essentially nonpolluting. Step 2 ecalls for the design and devel-
opment of prototype vehicles to be fabricated and given an
operational test and an evaluation in step 3. Command gnid-
ance and control systems uwsing automatic vehicle monitoring
techniques would be develuped or procured sperifically for this
service. The full scale demonstration envisions a citywide serv-
ice using two control centers, 50 new vehicles, and a monitor-
ing system that could serve the city for tracking police, ambu-
lance, utility, and other emergency vehicles as well. Dial-a-Bus
TV wonld require approximately 7 vears to complete at a total
cost of $15.6 million ($11.1 million Federal).

Dial-a-Bus IV would provide a definitive demonstration of
this type of demand service. Data ebtained from these four
phases wonld provide local government agencies, public and
private transit operators, and industry with sufficient informa-
tion on which to base decisions to invest in and implement Dizl-
a-Bus service.
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appendix b

SUMMARY OF XEW S5YSTEMS STUDY CONTRACTS

Opportunitics for rescarch and development within future time
frames can be identified in terms of ulilizing present technology,
nuking evolulionary improvements i existing technalogies,
and objectively assessing distant needs to provide incentives for
the development of futuristic technological solutions. Nine con-
tractors studied these opportunities.

1. The engineering firm of Day and Zimmermann looked at
ways to abtan inproved results from existing transportation
technologies within a thoeframe of 6 months to 3 years.

2. The WABCO Muss Transit Center and Melpar, Ine., in col-
laboration with Wilbur Smith and Associates, and the Insti-
tute of Public Administration, undertook an evolutionary
study of Improvements that could be made 1n 3 to 8 years.

3. Stanford Research Institute ronducted o fnturistic study of
solutions which might Le developed within o period of 5 to
15 years.

4. General Rescarch Corp.. with experience in defense and
space research. performed o comprehensive systerms analy-
sts, using computers, of urban transportation protdems and
their solutions,

5. The Battelle Memorial Institute did an early screening of the
work of the major contractors and prepared evaluation
monographs on a wide range of possible urban transporta-
tion research projecis.

6. Because many potential benefits may he derived from a

bimadal small vehicle transportation system that can travel

bath on ardinary streets and high-speed automated guide-
ways, Cornell Aecronautical Laboratory was rctained to
analvze such a svstemn, This concept was evaluated by apply-

ing it to a test city, Buftalo, N.Y.
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7.

The North American Rockwell Corp. identified advanced
technologies [rom defense and acrospace ficlds which would
he transferable to 1973-80 urbun transportation needs, This
study delineated requirements for implementing  these
technologies.

Preliminary investigations indicate that one of the critical
clements of making major unprovements in urban trans-
portation 1s the development of electronic command and
control systems. The General Electric Co. was retained to
study this arca.

. The General Maotors Corp. applied some of the experience

and talent of the aitomobile and ratlwav equipment in-
dustrics to the study of a scries of concepts, including low-
speed air cushion vehicles for downtown areas, a “Metro-
mode” exclusive right-of-way vehicle, automatic highways,
and some radically new bus concepts. The primary pur-
pose of this study was to evaluate the factors affecting the
overall practicability and social impact of implementing
these various innovative modes.

Eight additional studies provided in greater depth the back-
ground of knowledge of demand patterns and the interrela-
tinnships of transportation with urban land use and the shape
of urban Iife that are of such special contcern to HUTY,

10.

G0

Peal, Marwick, Livingston & Co. of New York, developed
projections of urban personal travel demand for each
standard metropolitan statistical area. This provides the
broad statistical background to enable future research to
be planned accarding to need.

Consad Research Corp., of Pittsburgh, studied another
and most important facet of urban travel demand: The
sensitivity of demand to such matters as relative invest-
ments in different types of transportation svstems, tech-
nological breakthroughs and improvements, changes in
income, and variations in population density. Lack of
knowledge in this arez has in the past left planners un-
prepared [or the impact that shifts in other aspects of urban
life have on transportation.

Transportation Research Institute of Carncgie-Mellon
University investigated the so-called “latent demand’™ for
urban transportation to satisfy urban and social needs
unmet by existing systems. The freguent failure of present
transportation to gel people in the ghetto to new jobs on
the fringe of cities is an instance of latent demand. So are
the suburban elderly who cannot visit with friends, shop or
get lo recrealion.

. Battelle Memorial Institute examined (he neglected area of

demand for urban goods movement, with an eye to develop-
ing systems that can distribute goods from gracery bags
to heavy manufactured products without the costly delays,
snarls of double-parked delivery trucks, and noise of today.



14,

Abt Associates at Cambridge, Mass., locked at the qualita-
tive aspects of urban travel demand—at the effect of such
things as seating comfort, temperature control, safety, and
security, and at how these factors can be improved.
Barton-Aschman Associates ol Chicago investigated the
land use requirements of various urban transportation
systems and their impact upen the neighborhoods and
areas they cross, Barton-Aschman [ooked at the past ex-
perience in various citics and outlined ways to avoid con-
Mlict between transportation systems and the people and
commurities they are supposed to serve,

The Regional Economic Development Institute of Pitts-
burgh studicd transportation in new towns, which are likely
to be increasingly an answer for metropolitan developmenr
over the next 40 years, This study focused on how trans-
pertation and urban lund use can be coordinated in a
completely new setting.

The last of the eight contracts, awarded to Midwest Re-
scarch Institute of Kansas City, looked at the special trans-
portation requirements of small cities and towns. At present
these communities, unable in many cases to support even
the rudiments of a traditional mass transportation system,
have no answer to their problems of congestion, disorderly
development, and service to thase who are without aceess
to automobiles.
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Figure 1.1
Trends in urban population.
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described. Beyond such immediate payofls, this report projects,
in summary, a systematic rescarch and development effort de-
signed to close the gap between innovation and application, and
to accelerate the devclopment of new urban transportation 1
a deliberate and careful way. The Jonger view must include
not only the future of urbar transportation but the future of
urban America.

THE URBAN FRAMEWORK

Much urban transportation today is geared to the city of 50
years ago, and that city is itsell largely ohsolete today. The
physical layout of mest cities—the platting, the street design,
and basic service systems—was created a century or more ago.

Urban areas have changed radically since their basic trans-
portation systems were established. They have grown in popu-
lation, expericnced significant shifts m the location of prople,
industry and land uses, and have expanded substantially 0
arca.,

Between 1940 and 1960, for example, the population n
urban areas grew from 78 million to 125 million, as shown in
figure 1.1. Table 1.1 indicates the increase in number of major
urbanized arcas in the United States since 1940. In many of
these, the growth took place entirely on the fringe of the urban-
ized area, with the central city and high density suburbs de-
clining. For cxample, in Boston the city core population
declined by 6 pereent, the close-in, high density suburbs in-
creased by 2 percent, while the lower density suburbs grew by
95 percent. In St. Louis, the data for the comparable areas
were minus $ pereent, plus 14 percent, and plus 335 percent.

Some metropolitan areas had growing cores, as well as grow-
ing fringes. For example. in T.os Angeles the urbanized area
core expanded and increased its population by 60 percent be-
tween 1940 and 1960 but even In this instance, the urbanized
area fringe {within and outside the cily) grew by 386 percent
in population. An example of the expansion in population of the
urban fringe is ilustrated by figure 1.2, which shows the popu-
lation in the fringe of the Cleveland Standard Metropolitan Sta-
tistical Arca (SM8A) increusing from 0.55 million persons in
1950 in an area of 613 square miles to an estimated 1.19 mil-
lion persons in an arei of 1,438 square miles in 1965,

Behind these ageregate figures lies a complex shifting of
populations which has helped to intensify commutation prob-
lems. In the large, older urban arcas, and in some of the newer
oncs as well, a significant portion ol the middle class, white-
collar population has moved to the suburbs, At the same time,
large numbers of predominantly unskilled, rural, nonsvhite
migrants moved into the older central cilies, as indicated in
figure 1.2. The nonwhite population of central cities has al-
most doubled from 1950 to 1966, while the while population
decreased. Finally, while collar and administrative. johs have
inoreased in central cily areas; but many industrial and un-
<kifled job opportinities have moved [rom the cities to the
suburbs.
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Figure 1.2
Population trend of the Cleveland
SMSA
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Figure 1.3
Decline in average population
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sounck: J. 1. Pickurd, Dimensions of Metropolitan
ism, (op. cit,} pp. $4-00.

Table 1.1

Number of Major Urbanized Areas in United States by Size Group,
1540-2000

Ve tootad aTntY AR LTI ALY Fid-140
- i m."Hr'm_.- rédreneserrdsy

1940 97 10 9 20 58

1960 159 16 21 30 92

1980 [92 28 27 44 91

2000

221 42 29 46 104

source: ). ' Pickard, Dimensions of Afetrapalitanism, (Research Monograph
14, Urhan Land Institute, 1967) table 11 2, p. 19,

nerit: Major areas are eonsidered those with o population of at least [O0.000.
Areus in Llawaii and Alaska are not included.

Social Security data on employment in cach county in the
United States indicates that, for the SMSA’s with more than
one county, total employment increased 13 pereent from 1959
to 1965 in the central or main county, but it increased 22 per-
cent in the suburban counties. From 1960 to 1963, about half
of the value of new construction I 3MSA’s for business pur-
pases occurred outside the central cities. Pereentages ontside the
central cities for mujor business categories were: Industrial, 62
percent; commercial stores, 52 peroent; and office huildings,
27 percent.

The growing, shifting population of cities hus also spread
and thinned out. With more area occupicd, the average popula-
tion density of an entire metropolitan arca is reduced. Suburban
development is generally low density, contrasted to the high
or medium density central city pattern, and thus requiries more
land per person. As shown in figure 1.3, between 1940 and
1960, the average density of urban areas decreased by 1,640
persons per square mile—from 5,870 to 4,230 persons per
square mile—and trends indicate a further decrease in den-
sity, Average trip length in urban areas also appears to be in-
creasing over lme, as data gathered in Beston and Houston
indicate.

These figures add up to one irrefutable fact: The task of
urban transportation systens in metropolitan areas in the
future must be to transport more people over greater distances
between where they are and where they want to go.

PUBLIC TRANSPORTATION TODAY

Urban mass transit systeims have not developed adequatcly in
response to changing conditions. Routes have tended to remain
constant despite large population shifts and important changes
in land use, Central city mass transit service often stops for no
valid reason oiher than central city political boundaries. When
transit lines were first established, few people lived outside the
city. Transit charters and legal restraints further limited expan-
sion that could have responded to suburbun growth.

9



America’s public transportation systems have been on a
treadmull since the end of World War 11, and they have had
intensive financial difheulties during these years. Whether
public or privately owned, few systems have been able to
maintain service or equipment. Systems have dwindled, become
overcrowded and less popular. In 1945 four citics; New York,
Chicago, Philadelphia, and Boston, had rail rapid transit {sub-
way or elevated) lines with trackage that totaled 1,222 miles.
Teday, even with the addition of a new line in Cleveland, the
total national trackage is only 1,255 miles.

In an era of great technological advance there have been
few dramatic improvements in rail rapid transit. Average speeds
are about what they were vears ago. So are stations and fare-
collecting systers. According to American Transit Association
figures, 2,891 of the 9,273 subway and elevated cars in opera-
tion in 1966 were cars that also were in operation in 1940-
and as many rapid transit passengers can testify, the other
newer 6,382 cars are, at most, only slightly less bumpy, better
lit, or more comfortable.

Almost 700 million fewer revenue passengers rode rail rapid
transit lures in 1966 than in 1940, a 30 percent decline from 2.3
billion to 1.6 billion passengers. Partly because of increased
farcs, passenger revenues nearly doubled during that period,
but net revenucs declined by over 50 percent. (Refer to fig.
1.4 and 1.9.)

Figure 1.4. Trends in revenue passengers of urban
public transportation
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Figure 1.5. Summary of transit operating revenues and
expenses 1940-65
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NOTES!D

(1} Total operating revenues, (3) Operating revenucs—Maotarbus.

(2} ‘T'otal operating expenses.  {4) Operating revenncs—Surface rail.

(11—(2) Net revenue. {3) Operating revenues—Subway and clevated
{6) Operating revenues—Trolley coach,

Similarly, the long-term decline of commuter railvoads is
well known, In 1935, 41 of the metropolitan areas with 1960
populations of more than half a million had commuter rail
service over 240 separate rontes, In 1961, only 20 of those areas
had wny service at all, and they had only 83 routes in operation.
With few exceptions. service over the remaining rontes was less
frequent, less reliable, and less attractive than it ever had heen.

There were over 50,000 buses in local transit operation in
1966 compared with 35,000 in 1910, Route mileage of bus
operations incrcased from 78,000 to 122,100, However, bus
vehiele-miles declined from 1.7 billion in 1940 to 1.5 billion
miles in 1966, Even with more buses and increased route
mileage, poorer bus scrvice has resulted in many cases,
particularly during ofl-peak honrs imd on weckends, heeanse
the buses are operating over longer routes for shorter periods
of the day, Motorbus revenue passenger increases of over |
billion have heen more than offset by lossex in other public
transit: Nearly 700 million Iy subwav and clevated rail transit
and a loss of over 4 billion by strectears and trolley buses.
Durmyg the 1940 66 period, rapid rail, streetear, and trolley-
bars transit had significant decreases in wamber of vehicles in
operation, route mileage, and vehicle-miles. These transit trends
atre shown in table 1.2,
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Table 1.2

Trends in Urban Publlc Transit Characterlstlcs

Pubalic Treansit Characteristics

")llb\v'iy [+

. Elevatcd Street Car “Lrolley Bus  Motor Bus
{excludivg commuter roif} Rail
Revenue Passengers (in millions]:
P90, . 2,281.9 4, 182.0 415.2 362001
1966, e 1,584.0 211.0 174.4 4. 702.0
Chuange. ..o e e e —697.9 —3,971.5 —243.2 b, 0814
Pereent change ... ..o ~30.5 —495. 0 —58.5 2549
Dper.ttmg Revenue (i midlons of dollars):
1540, . 128.3 327.8 25.0 235.9
TOBG . s 6.5 8.7 39.2 1,074t
Change. ... .o oo 178.2 —264.1 14.2 8152
Percent change. .. . ... . o oo 138.9 -82.1 56. 4 514.7
Vehicle-Mhiles {)pcratc-d (m millions).
10640, . . 470, 8 A4 7 86.0 1,124.5
1966, 378.9 420 40.1 1, 531.7
Lhdu"( ............................ —9].9 —201.8 —45.% 427,49
Pereent change...o oo —~19.5 94,y _53.4 97 4
Number of Employees:
0L o * * . *
G660 . . . * * * +
Change. .. ... . oo oo * * * »
Percent change. .. .. ... 0o * * . »
Payroll (in miflions of dellars):
1540. . * ) * *
I‘Jb{) * * * *
Change. ..o i ¥ * » *
Percent change. ... ... .. .o 0 . . » %
Vehicles {wned:
L0, L 1L 032.0  26,630.0 2,802.0  35000.0
10GG. . ... e R, Y730 I, A7 .0 1, 326.0 ah, 130.0
Change. ... —1,759.0 —5,223.0 —1,476.0 15,1500
Percent chamge. ... oo —15.9 —94 5 —52.7 43.9
Track or Route Mileage (miles of single track
exeept for molur bus rwhich 15 route round trip}:
R 1, 242.0 18, 360.0 1, 025.0 74, 000, 0
1966, ... ... 1,255.0 FETTINY 676.0 122, 100.U
Change. ... oo 13.0 —17,462.0 —1,240.0  44,100.0
Percent change.. ... ... ... ... ..., 1.0 —40. 1 ~134.9 M5

SOURCE !

{atal

10, 503.
6. 671,
—3,832.
—36.0

~ T

737,
1,478.
741
100 ¢

[0 e

oA

2, 7460
), U835
—612.4

—u3,

fet}

203, 000,

V44, 300,

— 58, 700,
28

oo o

360.
994,
934,
176.

ol == e

75, 464,
62, 136.
— 1%, 378,
—17.

- o0 o

LI I I )

11,

Transit Facd Rook, 1967, American Trimsit Association

13,17 and 19,

*¥Nat available.

, Tables @, *)

In swi, during the last 25 years of unprecedented urban
population growth and arcal increase, public transportation,
excluding commuter railroads, has lost almaost 4 hilhon revenue
passengers, Because of the fuilure of public transportation 1o
respond either to an increased demand or to new types of transit
requirements, and because the automebile has distinet advan-
tages over mass transportation as it is now known, for most
adults the private automobile has become the primary mode

al travel within urban areas,
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TRLENDS IN AUTOMNOBILYL USE

Almost 80 pereent of all American families owned automaohiles
in 1966 ax compared with 39 percent in 1950; 25 percent of
all familics owned two or more automohiles in 1966 a8 com-
pared with 7 percent in 1950, (Refer to fie. 1.6.; The total
number of registered motor vehicles rose during those 16 vears
from 493 million to 94.2 million. In 19A7, this number
ncreased 1o 98 million.

Figure 1.6. Automobile ownership, 1950-66.
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SOURCE: Statistical Abstract of the Einited States, 1967, T'able Na. 820,

Under the interstate highway program alone, some 14 per-
cent of the highway mileage constructed and 45 percent of the
money spent has been or will be spent in urban areas which
occupy only about 2 percent of the Nation's land area.

Figures on trips by types of vehicle dramatically ilhstrace
the heavy dependency on the automebile, According to the
1960 census, 67 pereent of all employed persons living in the
Nation's metropolitan arcas traveled 1o work in automobiles.
[t is estimated that in every metropolitan area, more than 75
percent of all trips are made by car, In some, the figure 35 90
percent or higher,

‘The causes of the present hemvy reliance on the automobile
are complex, but this develapment is impossible to separate
from scattered low density suburban development. The auto-
mobile made possible widespread and rapid suburban growth;
m turn, low density communities away fram central cities Tos-
tered increasing dependence on the automahile.
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The automobile has a flexibitity that urban mass transporta-
tion as it now functions lacks: ‘The automobile permits onc to
travel directly wherever and whenever he chooses, and serves
as well for shopping as for business trips.

In many ways, the private automobile has served the urban
area well. It will continue to have a crucial place in the total
urban transportation svstem. For long-range Intereity Lrips it
doultless will remain paramount, as il will for maost trips in low-
density urban areas. Tndeed, the automobile has been on the
whole such a remarkably useful technological and economical
device for a wide variety of travel requirements that significant
costs accruing from an unbalanced reliance upon this onc mode
of travel have too often been hidden, Two such major costs are:

® The automobile now produces more air pollution than all
other sources combined ;

® sutomoebile accidents now result in more than 4 million
injuries annually {including 52,000 fatalities), and this num-
ber huas increased at a rate of more than % percent a vear. (Sce

also fig. 1.7.)

Among many other “hidden™ costs are the esthetic and cco-
nomic costs of extensive vehicle parking requirements, auto-
mobile-oriented erime conwrol, and further degradation of
pedestrian travel.

The total cost 1o society of continuing to rely almost wholly
on the antomobile as its major source of urban transportation
for the entire range of types of travel demand is already high.
Tt will almast certainly continue to grow at an increasing rate.
Only recently has the nrban public become aware of the under-
lying cconomic ard social costs of ton heavy a reliance npon a
restricted range of lransportation service, Most present sys-

Artomatice o deedes wre e sonrce o aiat of Hee

aiv peodtatioan in etz e idivs

Figure 1.7. Average passenger accident fatality rates,
1960-65,

Numbers of fatalities per 100,000,000 passenger miles

buses

motor
vehicles

railroads

airlines

] 0.5 1.0 1.5 2.0 2.5

suuree: Accident Faels, National Safety Council, Chicago, Ll.; Statistical
Abstrast of the United States, 1967, Tables No. B34, 833, 835,
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terns of urban transportation cost too much and often do not
work or do hot work well. Present patterns and maodes of urban
transportation service too often are accepted complacently as
the only ones posible, and the present proportions and tvpes
of transportation service and modes arc too readily accepted
a8 inevitable for the future.

THE URBAN TRAVELER

Costs such as those described above harm urban society as a
whole and neglect very real needs of the individual, the urban
traveler and citizen.

The Unserved: Tronically, metropolitan transportation systems
too often leave unserved those who most need service: The
poor, the handicapped, the secondary worker, the elderly, and
the young.

‘Fypicadly, the poorer people are. the more dependent they
are on public transportation. Car ownership statistics document
this strikingly. According to a recent survev, 76 percent ol
houscholds with anmual incomes of less than §1,000 awned
no car; in the §1,000 w0 §1.999 class, the percentage was 69
it was 24 pereent in the $4,000 to $4,999 class, 11 pereent in
the $6,000 to $7,499 class: and 4 pereent in the over $10.000
class. {Refer to table 1.3, Less than half of all families with
incomes under $4.000, hall of all Negro houscholds, and Jalf
of ull houscholds with heads over 65 vears old own no
autormobiles,

_Table _1.3 _
Automobile Ownership Within Income Groups, 1966

percentage dhsinbition of spending uniee*

ducng g e ng 2 s o
_ m"i';_’_f*_‘f';”‘f" ey ) aztonolile
all spending units SEA 257 21
mongy tncome hefore taxes
under $1,000.. ..., e 21 3 b
SLOO0-51,999, . 28 3 (3%
$2,000-52,950 . ... .. . 31 3 46
$3,000-83,999. . . ... .. Gl 4] 33
54,000-%4,999. ... h3 11 24
55,000-%5,999. ... 68 16 16
$6,000-%7499. . . . 68 21 11
{7,500 §9.909 0 ., 63 30 7
F10,000-314,999 . ... 50 6 4

F15,000 and over. .. ... . 35 6l a

* spending unit consists of all persons living in the sae dwelling awl
related by blood, varriage, or adoption, who poul their incomr for major
items of expenses. Some families contain two or more spending units,

™ loney income for previous year.

SOURCE: Surrey of Camstmer Finanees, conducted by the Survey Kesearch
Center of the University of Michiguan,
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If 2 man cannot afford a car, and public transit is beth n-
adequate and too expensive, and his job has shifted to a suburh,
while racial and economic segregation prevent him from follow-
ing the job—that man is eflectively isclated from carning a
living. Further, the 40 percent in the under $4,000 income
group who do own a car must bear the heavy financial burden
of operating and insurance cost automabile owncrship today
entails,

Even within families owning a car, wives, children, and
vouths arc often immobilized because the family's sole vehicle
is committed to 1 home-work trip. Forty-nine percent of white
familics have lwo or more wage earners, bul only 28 pereent
have two cars; 55 percent of all Negro families have two or
more wage earners, but only 10 percent have two cars. While
substantial numbers of the disadvantaged ride as passengers
in automobiles, their freedom to change jobs {which increas-
ingly are located in the urban {ringe}, or to take advantage
of even the basic sovind amenities of metropolitan living, is
serionsly hampered. almost as much for those with no access
Lo automobiles at all.

The beeline distance between South Central Los Angeles
and Santa Momnica, a center of employment, is 16 miles; to
make the trip by public trunsportation takes an hour and 50
minutes, requircs three transfers and costs 83 cents one way.
The Department of Housing and Urban Development (HHUIY)
demonstration project in Watts has shown that when direct
transportation scrvice was provided for residents of that dis-
trict to jobs and other opportunities in other parts of the city,
ridership increased from 800 to 2,800 duily in 3 months. Many
of the new riders were hound for work.

From central Brooklyn, it is casier and faster 1o reach certain
areas of the Bronx some 15 miles away than nearby industrial
districts only 4 miles away, if the traveler must use public trans-
portation, Also, certain poverty areas, while theoretically in the
“onc-fare” zone, require a double transit fare 1 reduce walk-
ing and travel time to @ rewsonable level. And this is in a aty
with the best public transit system in the United States.

As more central business district jobs become white-collar,
and an ever larger proportion of unskilled and semiskilled jobs
move ta outlying scetions, poor people are more disadvantaged
than ever by public transportation systems which [ocus on cen-
tral business districts and also stop at city Linits, A New York
study reports, “The employment in suburban arcas of both
poverty and nonpoverty workers residing in the arcas studied in
New York City {poverty arcas) appears to be almost insignifi-
cant.” One reason is an often cited figure: It wonld cost a resi-
dent of central Harlem in New York some $40 a month to
commute by public transportation to an aircraft factory in
Farmingdale, Long Island.

The poor arc not only isolated from jobs, but also [rom social
and health services, recreation arcas, and social contacts out-
side the immediate neighborhood. A HUD demonstration
project in Nashville, Tenn., has provided bus serviee for ont-
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patientz and emplovees finking nine major medical centers
with downtown Noshville and a hospiial eonnecting <envice,
In the first 2 months of actual operatien, the medical center
express service fine showed a Gl-percent inercase i passengers,
while the hospital connecting serviee line <howed o 73-percent
increase in ridership,

i poverts arcas, Jdoldren typically huve never travelednare
than o few Blocks [rom their homes, Thiz confmement not only
penatizes the poer, but it perpetuares and assures therr alation,

The poor are net the anly nondrivers. The handivapped. the
elderly, and the voung alsa suffer fram o transportation syv<tem
that nukes the individaally owned automobile almost o neces-
ity unless they are able to pay for semeone to drive them.
Todav, 1 milion Amerieans are over age 83 of these, over
5 million live in poverty. As shown in table 1.4, by 1480, aver
(00 million persons will be under 18 or aver 85 years old.

The: problem of the unserved i not limited to central citiex,
In suburban areas there is frequenty no public transit. For all
but two- and three-car families, intrasuburban ransportation
w shopping and e recreanion is almost impussible. Even where
there ave two cars, somcone nost always assme the burden
of driving for the rest of the family.

Table 1.4

Total Population, Population Under 18, and Over 65
Years of Age, 1940-80.

IR E VTR Y K

firterl nadler 1N s nd
1940, 0 1320165 01, 354 9. 0306
1960 oL 160, 64 i, 361 16, 654
1966, . ... . . . 109k 842 70, 675 18, 157
(980 o 235,212 7O, 24 23,063
Toerease, 1965 80 0 . 38,370 A 355 4, 606

sorrci: U8, Burean of the Census, Pupulation Projection Series G Yraris -
fical Adnteact of the LN, 1067

Nearly une-third of the urban population suffer serious
disadvantages from being served inadequately ar not at all by
the vast auto-based systems on which the Nation has come to
depend, These are the “captives” left to use the transit systems,
ar do without, If (ransit service continues to be reduced, many
of these nondrivers will be destined to be isolated more and more
in their narross neighborhond worlds while all arcund them
the advantages of automobile mobility henefit the relatively
alftuent majority more cach vear.,

To erve the nondriver, it is not ecnough to provide more of
the existing transportation facilitics. Althoueh new bus routes
and niore buses in poverty areas significantly increase the mo-
bility of the residents, most trips are still unnecessarily long,
tiresome, and expensive, Buses limited to fixed routes. and
stalled by traffic congestion, and rapid transit svstems crovwded
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and nolsy, will not meet the ninimal transportation needs of
urbarn arcas.

The Poorly Serveed: \Csccond irony of the auto-based trans
portation svstem s that, despite the vast amaount of public and
private money spent on cars and roads, a large number of auto
usces are poorly served.,

Most Livae urban areas experience missive congestion during
peak hours. Yet the number of automaobile registrations con-
tinues o expand rapidly: By 1975 the United States will
have well aover 120 million vehicles for o populanon of 220
million. Ts the only answoer to wraflic congestion more and wider
roads? Clearly in many localities, 1t = non The dislovation of
peaple and burinesses, the distartion of land nse, the erosion of
the real property tax base, and the dollars and conts eost. make
this an increasingly unacceptable solution. If carried to i
ilagical conclusion, an ever-inereasing populatinn, bhuilding
more and biceer highways, might produce o city of freeways
with hardlv anv room for people or buildings.
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A TTAME FOR ACTION

This new systens study has provided two vodnahle insiohrs ol
fecting possible approaches te sclving b trATsportation
problems,

First action is possible, Althauah the vrban e L= sortin-
norvindustry has had ditfieulty in supporting extensive research
and developrient, technology in related ficlds is sovailable for
direct transfer and application 16 the needs of urban transit.
Other new technological advandes have been devived in Tnbor.:-
tories wronnd the country. American mdustry and busine are
ready tw respond o the great domestie challence of the cijes,
The scientific and technical communite, hoth as individunls and
s companies, has expressed a readiness (o attack the challenoee
of metropolicin trimsportation wiven leadership, divection,
and adequate funding.

Second, actionn it this tinre is lkelv (o be Prosdel, Afrer e -
ades of trving 1o solve their transpert problens by buikding nnly
highwans, cities erees the Nation are beainning 1o realize thi
public transportation is an ahaolutelh essentind bulamcine com-
ponent ol sensible urbin ploming, The Model Cies jiv
granm., the prodastion of B oonillion anits cf bw aosed meder e
costhowsang calied for in the President’s ~tate of i G
vaessages the uthdimg of tew communities and o aderuate in-
frostruc e for vehudlding the second Anieriea o resery ine
the qualivy of urbaa dife all depend on codequuate el e

portition svstems The eities, i shor now want 1o,
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the federal role and
responsibility

THE EXTENSIVE FEDERAL INTERFST AND RESPONSIEILITY in
assisting American eities—u evidenced by programs of urban
renewal, ronstruction and mndernization of hospitals, I')llh“l'
heusing, model cities, water and sewer faciliGes and waste
treatment warks, and urban planning assstaoce, omony
others  depend heavilv for maxinmum social benelits upon
sound investments in o urban transpartalion ssstems,. While the
Federal Gevernment has o long history of involvencent with
transportation—--rom the radlroads of the T8ih centuny Lo the
arports and  interstaie highwavs of todin this piccemical
imvolvernent has been predommantly coneerined with intereits
travel. iatib recently the Federal Govermuent has not asumed
wsubstantial rale i enconraging the innovative developrem
af mtrweehan transportation technolegy,

Recoonitiom that wrlnim mass transprrtation mvolues |mil|:u'
problers requiring speeial treatment becisne explicnt with the
[Tousing Act of 1961 and with expansien of that progeam i
the Urhan Muss Transpertation Act of 1963 under President
Jobnsen™s nreing thar “the proper misture of cood Bighwae-
and s transit facilities shenld be develaped o permin <afe,
ellivient movement of people and geods i our metrapalinam
centter<”” Tt has been the Department’s experience 1o wldntin-
istertige urhan rranspartaton programs under the dhove e,
that, while application of some present wehnology conlid help
with the present necds of arban areas. more inrensive, lenoer
ranee cfforts are required in order w hove available tech-
nolowy capable of mecting the futare demaruds for b
transportition,
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There are several reasons why the Federal Government can
and must now establish an expanded, comprehemive research
and development program in the ficld of neban transportation.
Not least 15 the imability of o fragmented industry facing declin-
bur revenues o undertake sneh extensive, long-tepm investment,
But there are other salient reasons:
® Over the next decade, nearly 850 hillion will be invested in
urban frecwavs and mass transit systems., Itissimply not prudent
to muike snch heavy investments without a thorough examina-
tionr of potential technologies  wnd o rapid development of
those alternatives which appear most promising.
® Even the largest and strongest municipal governiments, pub-
lic authorities or private operators, cannot “take chances”™ on
novel, unproven new svstens” of urban transportation. "Their
commitnwent of funds s oo great, and for too long o penod
ol amartization, to entertain the risks involved. Yet more than
just marginal improvement to existing systems ix needed if sub-
santial heaefits are w be received. The breakthroughs needed
Tor “quantum jump” advances involve a degree of risk that the
Federal Government can underwrite.
® L.ven if there were no risk, the cost of developing and demon-
strating the operation of i new system will be large and will
henefit many urban areas. Only the Federal Government can
hoth organize and help finimee o rescarch development pro-
agram which would give all cities and metropolitan arcas real
alternatives ju new urhan transportation investment deeisions.
® Competition by Targe numbers of cities for scarce resources,
such as rescarch and management <kills, private capital, and
publie funds, could tend 10 bid ap prices, 'The Federal Gov-
ernment, by acting on behalf of many or all cides, will help
maximize the we of these valnable resovrees, and thus save
en total national prograny costs,

It should be clear, however, that an apprepriate, constre-
tve role will not intrude upon the prevagatives of municipal or
State govenuuents, regional autharities, or private industry. The
atilization and implementation of the new towportation tech-
nalogy remann in their hands.

1t should not be the Federal Government's busimess, for ex-
ample, to specifv. desien, build, or operate the transit systems
i Chicago or Chevenne, To v the Federal Government's ve-
sponsbility ta see that resources of this country are devoed 1o
providing alternitive took which those citics can use if thev
wish. The role of the Federab Government i urban transporta-
tion should be (o
® imublite the technological conmunitny o respond o the
spectal needs of urban areas in order that technology wall be
comsenant with the socinl ronds of urban arcis, sach ax wider
aceess o service by all porsons
® help communitics work together acros jurisdictonal boun-
daries i planuing trmsportiton systems which traly aned offi-
cienthy serve entive reglons, s part of the sone development of
those regions:
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® help build new institational contests i which public wansi
svstems can be economivadly viible

® foster development of =kills essential 1o iproving urban
transportation by attracting more scholirs, scientists aond ur-
banologists to the study of ransportation problens, especially
as they pertain o urban problems, and by raming the cadres
of people needed 1o foseer further Improvements: and 1o

® infurm the public of the full range of posible transportation
options and their probable social conseguences in order that
chotees can be made with knowledee of the full social and eco-
ROMIC Cosgs,

Broader examination of the direct and indirect costs and
henelits —social and economic, environmental ad technalog-
cal -will provide a hetter perspective fronn which (o consider
the whole role of the Vederal Government in unproving urban
transportation, and what the appropriate contributions of in-
dustry, the scholarly and researeh communities, and other lev-
els of govertunent <hould be.

Few locul public bodies concerned with the problems of
social welfare raised by urhan transportation- ~equal neeess o
service, reduction of urban land consumed, climination of
noise and air pollution, and pnproved arban design have
the capability 10 spansor and supervise research and develop-
ment of new transit systems. On the other hind, these proh-
lems cannot be left salely o private enterprise unaided. for it is
unlikely to have the incentives or experience fecesary to take
these social needs and costs into account, together with the
needs of the runspartation nser. Moreover, Large-seale private
mvestrnent in transit research and developmient is not likely 1o
occur unless future market oppartunities are cleardy identifiable,
and until uncertainties surrounding future povernment nvest-
mentdecisions in this ares e lessened.

As Prestdent Johnson hasosaid.

Under our svstenn of conernment, private crterneise bears the
prinzuy vesporsihility For vesearch and develnpent i he srans-
pestation Leld, But die Gosvernsnene ean bl Te van plan and
Fashing research and e clopnent for ool DRI portation s
e which ichesond the vesponsibiling and capabilite o private
ncdusty,

Laplemencation of <nch o leadership role NI require nnt

only auemented fwadine but redivection of much of the prresient
cffart ot the Federal Jevel,

Over Y0 pereent of Anericans now live in urban nreoas -« and
the percentage willinercase | vetuntl now., anlvocaendl fraction
of Federal vesearch and deselopniem expenditires has been de-
voted to aswstensatic, connerted attack npon al arbn tnspor-
tatiom and related problens The Departiment of Defense an-
il researeh and develapment hudaet s renained relativeh
constant over the fost 3 ovears a about 87 hillien. Te jx genine
such ngnitdes it rhe incrensinels <ieniticane research and
develapment necds of arbian tran=portation must be comparetd.
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Although urban travel accounts for more than 80 percent of
the national total, out of the fiscal year 1967 Federal budget
expended for urban and interurban transportation, only 30 per-
cent was allocated for urban transportation. Of this amount,
90 percent was for urban highways and only 10 percent was
allocated to public transit, as shown in figure 2.1.

Figure 2.1. Allocation of fiscal year 1967 urban and in-
terurban transportation expenditures by the Department
of Housing and Urban Development and the Department
of Transportation.

 mir 17.6%

/____________——___

Water, Rail & Pipelines 6.0%

—

URBAN EXPENDITURES
30.4%

~_______ Highways* 27.4%

Public Transit 3.0%

TOTAL EXPENDITURE: $5.35 BILLION

source: The Budget of the U.S. Government, 1969 — Appendix.

#Allocation based on proportions in Burcau of Public Roads data.

Current Federal programs of urban transportation assistance
to cities are meant essentially to show what existing technology
can do. The industrial and research activity stimulated by the
present new transportation systems study has been exploratory
so far rather than developmental. Studies of social, economic,
jurisdictional, legal, political, as well as technological aspects of
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transportation-—including research into future demand char-
acteristios -have only begun to identify some of the questions,

It is important. therefore, that the Federal Government take
on o broader, more positive role, involving the continuous
assessment of the rescarch and development needs based on the
contributions heing made by the private and public sectors,
and that e fill in existing gaps to assure a balanced and effcctive
national program, .\ summnury of the findings of the most
promising technological possibilitics, npon svlnch the proposed
program is hased, follows.







