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Introduction

Stewart F. Taylor, Sanders and Thomas, Inc., Pottstown, Pennsylvania

When the first National Conference on Light Rail Tran-
sit (LRT) was held in July 1975, there was limited
knowledge of the mode within the transportation profes-
sion. The general public had an even fainter awareness.
Newsweek carried an article entitled The Trolley Clangs
Back (1),

Development of LRT was just beginning on the North
American continent. The standard light-rail vehicle
(SLRYV)} was in production for two cities—Bosion and San
Francisco—that had initiated programs to upgrade their
fixed plants, A third city, Edmonton, was starting con-
struction of a totally new system, Toronto had placed
orders for a fleet of new vehicles,

Since the summer of 1975 the pace of activity has
quickened, The SLRV has entered revenue service in
Boston, where extensive track and car shop improve-
ments are nearing completion, In San Francisco every
route kilometer bares evidence of transformation from
a streetcar to a showcase LRT system,

Flsewhere, Pitisburgh concluded a tortuous selection
process by choosing LRT rather than rapid rail, bus-
way, or the much publicized Skybus, Buffalo was given
approval by the Urban Mass Transportation Administra-
tion (UMTA) for an all new system, while Cleveland
weighed bids from 10 suppliers to completely replace
the Shaker Heights fleet. Across the Canadian border,
Edmonton was joined by Calgary in developing a com~
pletely new LRT system, and Toronto broadened its
LRT acitvities by authorizing a major extension to the
existing T4-km (46-mile) system. An impartial observer
would have to conclude that the first national conference
had made a contribution to the accelerated growth of
LRT.

However, there were also setbacks. UMTA said no
to Dayton and Denver. Years of planning in Rochester
appeared to have reached a dead end. Vancouver's
progress toward an LRT starter line was deflected by
a change in provincial administration, while Philadel-
phia bas constructed litile more than propositions. By
contrast, there has been vigorous LRT activity else-
where in the world. Most of the more than 300 systems
in about 30 countries are pursuing programs of modern-
ization and expansion.

In planning the second National Conference on Light
Rail Transit, the TRB Committee on Light Rail Transit

pondered these developments, A consensus emerged
that the mode no longer reguired an introduction. There
was a need, instead, to focus on specific aspects that
have been recognized as critical —and sometimes diffi-
cult--steps in the successful implementation of LRT. _

The program therefore makes a conscious shift away
from basic hardware. By its very nature LRT uses off~
the-shelf equipment. Vehicles, track, train control sys-
tems, and stations have already been manufactured in a
variety of configurations to meet every conceivable
requirement, In the eyes of the committee, the basic
issue is how to introduce LRT into a community. The
problem clearly has many ramifications both technolog-
ical and institutional. The content of this special report
shows that within the scope of the problem there is no
dearth of topics to consider,

The opening session began on a high note by relating
LRT success stories from numerous cities, Subsequent
papers explored problems and issues that have frustrated
significant LRT development in this country. A series
of case studies showed where and how real progress has
been achieved. The basic dichotomy between socio-
economic and technological issues in the implementation
of LRT was reflected in papers on such topicg as net-
work planning, joint development opportunities, and the
formulation of functional specifications and on fare col-
lection, .traffic engineering, and power supply., The final
session drew on the past to make a candid examination
of the future. A theme running through the papers em-
phasized the overriding need to inform decision makers
at all levels about the characteristics of LRT. Ignorance
and bias in institutions and governments must be re-
moved before LRT can hope to move forward on a broad
front.

The conference concluded on a chord of optimism and
realism. LRT has palpably demonstrated its ability to
improve urban transportation and the environment with
relatively limited resources. However, these inherent
attributes will not guarantee easy acceptance by new
communities. Only strong, sophisticated, and perser-
vering effort will transform aspirations into reality.

REFERENCE

1. The Trolley Clangs Back. Newsweek, July 7, 1975,
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Evolution of Light-Rail Transit

Lee H. Rogers, Institute of Public Administra.ti'on, Washington, D,C,

Social, economic, and governmental needs frequently dictate changes in
the use of urban transport technology. It is the evolution of public be-
lief and policy that most influences the development of any technology.
Overdependence on petroleum fuels for transport and industrial growth
has cast doubt on long-term options for continued urban life-styles and
mobility. There is a need now for planning and deployment of new
light-rail transit (LRT) systems. LRT, like all forms of transport, must
be judged on its benefits and social costs to both users and nonusers, A
look at Ghent, Hannover, Mannheim, Zurich, and Utrecht can show the
transit planner how five cities have developed and used their LRT ser-
vices in @ manner that provides greater accessibility for all citizens as
well as less direct pollution and easier adaptability to the existing urban
setting. The technology of LRT is simple when innovative planning and
engineering are usad.

The evolution of a technology is too often erronecusly
viewed as the change in the equipment and the size of
the machinery used, Frequently the obgserver does not

comprehend important underlying conceptual and organi- .

zational aspects.

For the first time in three decades numerous ques-
tions are being raised, in both Canada and the United
States, about the continued development of all sectors
of our economy, Urban passenger transport activities
and the reasonableness of uninhibited private mobility
are subjects of great concern. Since April 1877, strong
interest has been shown in the general area of transport
and energy. On April 18, President Carter stated,
""The energy crisis has not yet overwhelmed us, but it
wilt if we do not act quickly.... [The United States] is
the most wasteful nation on earth.... With about the
same standard of living, we use twice as much energy
per person as do other countries like Germany, Japan,
and Sweden.'" On April 20 he said further, ''Transpor-
tation consumes 26 percent of all our energy—and as
much as half of that is wasted. ... I willpropose a variety
of measures to make our transportation systems more
efficient," On April 22 he stated, "I think there will
be a substantial ghift toward increasing use of the public
transport systems."

In the National Energy Plan, released on April 29,
Carter wrote, '"In the long run, mass transit by bus and
rail must play a significant role in reducing energy con-
sumption in the transportation sector, Reliable, inex-
pensive mass transit is needed to serve existing,
spread~out metropolitan areas, New development pat-
terns based on public transportation can bring homes
and offices, churches and schools, shops, and other
community buildings together and, at the same time,
conserve energy."

Like many evolutionary events, these particular com-
ments by President Carter were not underscored and
projected by the media into the public forum because
other portions of his speeches and plans had more mo-
mentary interest,

How does a society improve the guality of its well-
being while nurturing the conservation of its environment
and globally limited resources? What can be done with
transport, a major factor in our life-style? Actually,
in light of the eritical warnings concerning our dwindling
resources, transport must be reevaluated in two ways.
First, it must be able to adequately meet society's needs
and, second, it must make the most efficient use of the
energy required in its performance. This is where
light-rajl transit (LRT) offers its most effective appeal.

Looking back over the last five centuries, rather

than the last five decades, we find that conurbanation de~

veloped for a variety of reasons. Worldwide, a primary
reason was to facilitate communication and interrela-
tionships among people. When this urban concentration
occurred, there was a noticeable reduction in the need .
for time-consuming and costly transport. During the

last five decades, as it became easier for urban citizens

to use private conveyances, the need for efficient move-.
ment seemed to languish. This phenomenon of private
mobility looked good at the time, particularly within
those short spans that planners and officials must often
deal with, :

The potential for redirecting transportation during -
the decline of energy sources is being realized. The
U.8. Department of Transportalion recently indicated
that the total transportation activities of this nation ac-
counted for 19.5 EJ (18.5 quadrillion Btu} of energy,
or 53.4 percent of all the petroleum and liquid petroleum
gas energy produced domestically or imported during-
1972, Of this monstrous amount, the portion required
for passenger transport was 12.5 EJ (11.8 quadrillion .
Btu} or 64 percent of the total. It was estimated that
private automobiles used solely for urban trips consumed
36 percent of petroleum fuels. In other words, more
than 1 out of every 3 L of gasoline was consumed for
trips originating and terminating solely within an urban
area; by comparison, only 7.2 percent was used for
military purposes and 5,7 percent for all domestic com-~
mercial aviation. Statistics from 243 major cities con~
firm that much of this 36 percent of petroleum energy
is expended along major corridors in which millions of
private vehicles operate only in peak hours at suboptimal
speeds with less than 25 percent occupancy. It should
be evident that, within this vast flow of transportation,
there are numerous corridors within our cities that
would handle more than 4000 person trips/h in a peak
period in one direction and 500 trips/h during the base
period. Such patterns suggest a major market for the
use of LRT systems.

Unfortunately, during the past 3 years the enlightened
talk on future peiroleum availability has argued about
whether depletion will oecur by 1985 or 2020. Such talk
is a bit unsettling. Debaters seem to argue over the
termination year rather than providing insight on the
economy's options, This sounds like a cavalier eco-
nomic attitude—that we need not worry about the disaster
until it has befallen us, As prudent planners and citi-
zens, we should examine and implement alternatives be-
fore events overtake us. Given the new limits of re-
source availabilities and the current rate of urban ex-
pansion, the need for development and deployment of
new and more effective urban transport is upon us now.
Every community and planning agency should give con-
sideration to LRT now.

Since October 1973, the relevant factors in the man-
agement of urban development and regional transport
have undergone a major metamorphosis. The criteria
for project feasibility have changed. They are different
because we can no longer depend on permanent, un-
restricted, low-cost use of petroleum and the continued
dispersion of urbanized development. Transport prob-
lems reflect but one aspect of this change. We have
sewer moratoriums, water rationing, zoning restric-
tions, and citizen opposition to expanding development,
We must reassess how urban areas will operate in the
coming decades. ®

e - o e - L —————
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LRT AROUND THE WORL]?

Nearly 26 months have passed since the first TRB con-
ference on LRT. During that time, more than 300 cities
around the world have successfully continued to operate
and expand their LRT and tramway systems, These
cities prove that LRT systems are a strong option for
moving people and that they are acceptable to the com-

. munity. There have been 2800 new light-rail vehicles
(LRVs) put into service. A totally new LRT system is
being constructed in Edmonton. Edmonton is the first
North American city to actively embrace the develop-
ment of LRT in an area that has no vestige of streetcar
operation, Buffalo and Calgary are in the final stages
of design and engineering for new LRT installations. An
inereasing number of cities has shown interest in the
use of LRT systems, including Denver, Dayton, Detroit,
San Diego, Cineinnati, Vancouver, and Portland, Ore-
gon, The United States and Canada are not alone among
nations that are reevaluating LRT technology. Designs
for new LRT systems have been developed in Mexico,
the Netherlands, France, Belgium, Colombia, and
Bragil,

We do hear from many people about battery-operated
automobiles, steam propulsion, and many other tech-
nologies that have been conceptualized but not very suc-
cessiully tested in the recent past, The pragmatist must
look at the options currently available to find the ones
that will meet the traffic demands; budget constraints,
and social objectives, while providing reliable service
but minimal maintenance and operating costs.

Untike some of the proposed alternatives offered by
new and unproven technologies, the ability of the LRT
system to perform successfully, efficiently, and eco-
nomically is supported by nine decades of evolutionary
development. Statistics abound —in West Germany during
the last 2 years, the 35 cities that have LRT have
handied more than 3.3 billion passenger trips over 503 .
million vehicle km (314 million vehicle miles).

This kind of performance shows why many urban
transport specialists believe LRT technology is proven
and reliable. It may be true; in some instances, that
various models of new equipment may demonstrate some
shortcomings in their performance. This does not de-
tract from the overall merit of the technology. - Although
LRT technology is not a proprietary concept of one com-~
pany or one government, it is not immune from the prob-
lems found within all other types of urban transport
technology, All transport systems are sensitive to mis-
guided overdesign and the constraints of funding require-
ments, Within LRT technology, one aspect of overdesign
is the extensive use of tunneling. From the standpoint
of operation and capacities, LRT can operate without
long underground sections.

Opponents of LRT cite the fact that generating elec~
tricity incurs a sizable loss of energy in the combustion
process, But, since this is true of all energy-generating
technologies, the source of the energy needed to main-
tain the major flows of urban passengers should be
evaluated along with other criteria. LRT systems can
provide needed urban transport without total reliance
on petroleum, Sixty-eight percent of centralized elec-
trical generation uses coal, hydroelectric power, or
fission, Whatever pollution is caused by this process
is concentrated in one area, and the vehicles propelled
by this electirical energy do not carry pollutants into
the central business district (CBD) or the residential
neighbhorhoods.

Advocates of LRT should not be downplaying the
capital and operating costs of the mode. The merit of
LRT is found in cost comparisons based on the projected
traffic demand and needed capacity. While the opera-

tor's financial costs for a system are important, they:
are no longer the sole criterion for determining the fi-
nancial, economic, and social benefits to society for the
development of such systems. i

In alternatives analysis it is necessary to be sure tha.t' )
comparable costs and service standards are used. The
best comparison of costs is that between busways and .
LRT.: LRT, like the busway, possesses the proven abil
ity to branch into major transport corridors, However,
LRT provides better access to activity centers and -
stronger civic commitment to service. The investment
differences between LRT and other types of transit equip-
ment have remained similar through our inflationary
years, but LRT equipment offers longer service life, .
larger carrying capacity, and stronger productivity.
During subway construction in Amsterdam, a city with-
s0il conditions similar to those in New Orleans, it was
found that the cost of 1 km (0.6 mile) of subway was the
same as that of 3 Em {1.8 miles) of aerial structure or..
30 km (18 miles) of LRT installation. In costing, the
pTémner should not be timid, Right-of-way investments
escalate. in relation to width and, on this basis, LRT can
be very economic. :

The attractiveness of this concept and technology lies
particularly in the word light. It does not mean shoddy.
It does not mean second class. H means creative design
and engineering that require the economist, engineer,
planner, and operator to use their training to develop :
the best system for the least cost, As the railway en-
gineer Wellington indicated some 80 years ago, any fool
can solve his problem given enough money (1). Today
we must get the greatest amount of urban transport ca-
pacity into location and operation with the amounts of
investment money available, since the treasuries at all
government levels are not limitless in their bountiful
giving to urban transport projects, We must continually
monitor the worldwide development and use of LRT.
Only through better understanding of the great flexibility
of LRT can we best utilize its benefits,

The impact of any urban transport technology on the
society within which it is used must be carefully evalu-
ated for its merits and its liabilities. The private auto-
mobile, as used within the urban area, has not been
immune from such review. In all forms of transport
and urban activity, there continually arise questions
about the equitable sharing of benefits and social costs
between users and nonusers, This is true of airplanes,
automobiles, buses, and LRVs. Questions of this type
are not related solely to transport; they have been raised
throughout the centuries of urbanization, Sixteenth cen-
tury Parisian neighborhoods bristle when new types of
buildings and developments, like the Pompidou Center,
are forced on them. However, these neighborhoods and
the citizens thereof forget that the accepted landmarks
of today (such as the Eiffel Tower) were the objects of
strong criticism during their construction. Further
social and political conflict arises when the negative as-
pects of modern life-styles degrade the urban setting,
as is the case with increasing levels of air pollution.
Although the life-styles within the city may differ
throughout the world, the impact of all types of develop-
ment must be weighed. The effect of change and devel-
opment on residents must be compared with the needs
and desires of the whole community and its interests;
this is how LRT technology and operation should be
judged,

GHENT

The city of Ghent, Belgium, provides an example of the
relative impact that varicus forms of urban transport
infrastructure have, Ghent has retained its LRT and
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tramway systems at a time when major national high=-
way construction was going on within the city. Today,
some LRT lines still run within residential streets that
have low traffic volumes, However, during the last
decade, the city has upgraded many of the lines to re-
served lanes. This has been done not simply to im- -
prove the physical separation of vehicles and services
but also to improve the urban landscape through'the
placement of trees, shrubs, and small parks. o
:n the late 19608, a major European expressway (E-3)
was constructed through the southwest portion of Ghent.
While the city did not argue about the national need for-
the highway, there was some dispute about the selection
of its right-of-way. The compromise reached might
not be the same if the issue were raised.today, but this
major hichway was constructed on a huge elevated struc-
ture through the southwest neighborhoods of the city.
Part of the compromise was that, to the southern side”
of the expressway, a grade-level LRT line was to be
built. Within the community and neighborhoods, the six-
lane expressway provides no capacity for local move-
ment. However, the LRT services are currently sched-
uled to provide 200 seats/h in each direction during the
off peak and to carry 1200 passengers/h during the peak

. hour. New community service buildings have been lo-~

cated near the LRT line. Overall, the cost of this 1-km
{0.6-mile) extension of double-track route was less than
$300 000. The city had ordered new LRVs for the entire
network, so that the added cost of this line was not 5
specifically considered. .

Along the other four LRT routes operated by the city,
there has been a noticeable attempt to combine the pro-
vision of fixed -guideway public transportation with an
attractively landscaped setting. Through the use of
modest investment (and at low annual operating and
maintenance costs), a program of traffic engineering
and landscaping has been undertaken in the last 6 years
to beautify the streets and neighborhoods and to en-
courage use of a quiet, pollution-free system of urban
transit—~LRT.

HANNOVER

In West Germany, the city of Hannover has refained and
improved its network of LRT and tram operations. One
benefit of this policy has been that the community's ac-
tivities are concentrated in specific areas that promote
resource efficiency within the urban economy. The use
of this transit mode has permitted the redesign of the
inner city and its activities and the retention of LRT
services to give direct access to the atiraction centers,
Private automobiles and buses have been channeled out
of the major activity areas and commercial streets of
the city.

By using an innovative program of right-of-way de-
velopment, the public transit authority has handled 83
million passenger trips/year without total reliance on
exclusive rights-of-way. In the portions of the city
where existing and projected traffic capacity permits,
LRT mixes freely with other vehicles. In the interme-
diate areas, street lanes that have LRT guideways are
sometimes emphasized by the use of rougher textured
pavements designed to encourage a semiexclusive oper-
ation by the high-capacity transit vehicles. The city
has begun the actual conversion of some mixed-use
streets to reserved LRT routes. Within residential
neighborhoods, these changes are increasing the capac-
ity of passenger transport while reducing the throughput
capacity for private vehicles. Such measures have re-
duced the noise level in the neighborhoods and improved
the community's appearance.

The LRT lines operate easily through the median of

tree-lined streets and traverse major publc parks with-
out causing disruption of the public's use of such areas.
or causing harin to the vegetation of the parkland, At -
intersections and other important street locations, LRT
services have priority. - This is handled through the use
of overhead contactors that preempt traffic signals and: .
initiate electric commands that permit greater relia-
bility and performance for public transit vehicles..

The LRT system does not require expensive and com-

plex station locations. It functions easily with low-cost - '

passenger loading sites for both the CBD and:the periph--
ery. LRT is flexible in the route pathways it can use in’

residential areas. This mode permits the closer spacing
of stops than does rapid transit or subway. The com-.-

promises that are possible between speed and flexibility’
of location cannot be obtained with other forms of fixed":

guideways.. There is strong backing within the commu- - .

nity based on the fact that the greater use of LRT on :
private rights-of-way provides a transit infrastructure
that will not promote a greater use of private vehicles; .

" it provides greater capacity for mobility of the popula-

tion without encouraging the use of private vehicles.

At interchange points where feeder bus serviceg ter-
minate, off-gireet transfers are made. Passengers find
these services attractive because of their stricitly timed
meets and short cross-platform boarding distances be-
tween vehicles. The new communities that are develop-
ing as satellites {o Hannover are being connected to the
center city by LRT services. To avoid conflicts at cer-
tain locations, LRT is routed into short tunnels and )
exclusive alignments to link the center of the satellite
areas to the center of the city.

In 1976 two LRT lines to the CBD were relocated un-
derground. The subway portions of this alignment are
at shallow depths directly under the roadway and do not
require complex and costly mezzanines and egcalator
installations. The transition from underground to the
surface is made effectively and simply. In the southern
portion of the CBD, this transition from underground to
surface operation takes place just south of the unjversity
campus. Since, even underground, overhead electric
wires are used, the operation can safely ascend within
a built-up residential community. .

This results in very direct roufing of LRT services
and permits it to enter any area where users want to go.
The LRVs in use can operate over routes that have a
mixture of design standards and still provide increased
carrying capacity. The vehicles daily operate safely
through areas that have high levels of pedestrian activ-
ity, and they operate easily in mix with other vehicles,-
including automobiles, through many of the city streeis.
These LRT vehicles provide ample seating for off-peak
services and plenty of standing space for peak-hour
loadings. On some lines there i3 a mixiure of high-step
and low~step operation to facilitate the entry of patrons
of all ages,

MANNHEIM

Mannheim in West Germany provides an outstanding ex-
ample of low-investment LRT development. This city

of 400 000 people has shown no desire by passengers,
merchants, officials, or the operator to convert major
portions of any of the 18 LRT lines {o underground opera-
tion. In 1973 the city closed two principal commercial
streets to vehicular traffic and upgraded their use to an
exclusive pedestrian mall and LRT corridor. This
project has been very successful, and the business com-
munity has experienced continued expansion and increased
sales. The main corridors of the LRT lines in and
around the center of the city handle more than 9000 pa-
trons in peak hours. Although there is one automobile
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for every three inhabitants, the people use LRT services
for 40 percent of their local trips; this amounts to 48
million trips/year.

Rather than relying on aerial structures or subterra-
nean levels, the LRT lines use a variety of surface lo-
cations to achieve their functional operation, LRT is
found in reserved medians of several of the principal
streets, It operates in exclusive and mixed configura-
tions on conventional streets, At points of moderate
congestion, track structure has textured pavement that
permits automobiles and trucks to use the linear path
but discourages them from extended operation over such
pavements. The conflict with eross traffic is minimized
through proper traffic engineering measures,

The impact of the LRT system on the city's activities
and land use are minimized because of the strong com-
prehensive planning discipline of the city. In this city
and other German cities, it has-been found that the new
large-capacity LRVs have attracted better patronage
during weekdays. On some lines patronage is up 25 per-
cent, while off-peak use has risen by more than 30 per-
cent, These increases in patronage have ocecurred with-
out official use of Iegal restraints on the use of auto-
mobiles.

The center of Mannhelm is something like a new town
because it was totally planned in the late seventeenth cen-
tury. This total approach to comprehensive urban plan-
ning has continued even through the late 19608 when
outlying satellite communities were developed. The.
satellite of Vogelstang is comnected to the center of
Mannheim by a new LRT line, Since the LRT uses its.
own right-of-way, the line has been able to penetrate
to the very center of the new community without having
the impact that would normally be made by a major high-
way. The major loading points on this line are in the
lower level of a shopping center. The activity and de~
sign layouts would be similar to those of portions of
LRT lines in Cleveland's Shaker Heights or Philadel-
phia's Media and Sharon Hill operations.

Of outstanding interest is the pedestrian and transit
mall of the center city of Mannheim, In 1973, witha
budget of about $2.3 million, the city and transit author-
ity successfully converted more than 15 blocks to this
new format. The result is that real estate prices within
the center city are stable and the cost of public utilities
(water, gas, and electricity) and telephone services have
remained lower because of the greater concentration of
activities, Several sidewalk cafes have been developed
in the area and the LRT system passes within a few
meters of social gatherings at such cafes. This shows
that the necessary public movement of thousands of
people through the central core of a city does not have
to be disrTuptive to the life experience of the residents
and workers of the center city.

ZURICH

In Switzerland, the voters in Zurich § years ago rejected
a bond issue for construction of a heavy-rail transit sys-
tem as the solution to their urban transport deficiencies.
Since that time improvements have been made through
various modest investment measures to sitrengthen the
LRT lines and provide new LRVs, In Zurich, public
transport handles the bulk of weekday trips, and the LRT
lines aceounted for 140 million annual trips (68 percent
of the total). The city government has realiZed that the
option of increasing automobile capacity throughout the
street nelwork would never solve the problem of mobil-
ity of people within the city. As a result, the city in-
vested in public transport for peak-hour capacity re-
quirements. LRT has given the city the ability to pro-
vide peak-hour capacity for 65 000 people without major

{ vides a peak-hour capacity of 3000 spaces. .

negative impact on the city's beauty. On service lines:
2 and 4, direct connection to a suburban railway is - .
achieved at grade level. With cross-platform boarding; -

very modest investment is neceasary for the linkage of ... -

these two service modes.,

. . To the southeast of Zurich, an LRT line is prov1ded

to some medium-~ and h.1gh—1ncome communities. The .
Forchhahn Railway shares trackage with the city system -

‘\(but then has its own separate right-of-way outside the ™
jeity limits,

New, attractive vehicles with seating for . .
86 patrons have been placed in service, The line pro- = -
This LRT ;. ~
service terminates in a very miodest center-city area .-
with a loop track arrangement around the perimeter.of :
a scenic central park. The park's primary objective of
enhancing the visual and physical ambience of the his-
toric portions of the eity has not been degraded by the -~
LRT operation, This shows that eity parks and pubhc
transport may not require separate locations.

In the western portion of the primary commercial
street of Zurich, the Paradeplatz is being upgraded to
an area reserved exclusively for pedestrians and LRT.
service.. Seven LRT lines will converge at this inter-
section, The area is currently being reconstructed o -

-exclude private vehicles after 3 years of experimental-

closure. o

With such a variety of proven measures and designs,
the LRT system has been able to provide both high ca-:.
pacity and reliable service while retaining its surface | -
location within the heart of the city. The pedestrian and
transitway development along Bahnhof Street in the cen-
ter of Zurich is strongly supported by the business com~
munity, partly because of its wide acceptance by pedes=-
trians. ILRT brings thousands of pecple.into a historic
area of the city in a way that no other existing technology
can. The pedestrian and LRT Zone has been in use since
1972, During this time there have been no major acci-
dents related to conflicts between the LRVs and pedes-
trians., As a result, thousands of commuters are trans-
ported through the center city daily in a manner that
enables the city to retain the social amenities that en-
courage a pleasant urban life-style.

UTRECHT

Opponents of LRT technology frequently concede that such
a system is fine but only works in cities that currently
have some degree of conventional sireet railway opera-
tions, They indicate that the investment now required-

. for the establishment of a totally new system makes it

impossible to undertake. The best refufation is found in
places like Utrecht in the Netherlands, which terminated
all tramway services in 1938. Currently the metropoli-
tan region around Utrecht is experiencing major subur-
banized growth, It is now necessary to connect two
satellite comnmnifies to the CBD and the railway station
of the historic city. The authorities have therefore ap-~

LRT line.
This project will create an LRT line that is not placed

in an existing, abandoned railroad right-of-way. If will

be placed in highway medjans and along arterial roadways

| in a manner designed to minimize conflict and promote

movement by this mode. It will connect the satellite
communities with commercial and employment centers
and with infermediate neighborhoods. In April 1977,
construction of the maintenance base and administrative
offices for this LRT system were begun, The line is
being established as part of a comprehensive urban de-
velopment in which the community provides new housing
of mixed densities so that families and senior citizens
can share more open surroundings. Alternatives analysis
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was undertaken to compare the costs and benefits of
conventional railroads, busways, paratransit, and LRT.
The technology that best satisfied the policies and goals
of the region was a modern LRT system that promoted
the development of houses and apartments in a manner
that provided balance between green space and urbaniza-
tion, while linking these new commun1t1es with the older
(:1ty

SUMMARY

The five cities reviewed here are by no means upique
in their use of LRT technology, Unlike new systems,
such as monorails or people movers, the operation and
technical successes of LRT are not restricted to a few
sites, In more than 300 cities in about 30 nations, the
significance of LRT is shown daily. There are different
options and objectives for the world's various societies, -
but there is a question as to whether we can continue to
rely so much on the automobile. We need a combination
of urban transport technologies in which each contributesg
positively. When we consider costs, accessibility, pol-
lution, and adaptability to setting, there are many sirong
arguments for the use of LRT technology. LRT services
can be combined with the use of private vehicles through
peripheral parking lots.

" However, it must be remembered that the choices
available to urban planners and officials must be based
on what the community and nation will permit the tech-
nology to do. One clear example of this relates to the
amount of peak-hour capacity that is desired. If the
transport capacity is to be provided by elevated express-
way, the amount of land required and the impact of the
structure will be several times greater than those for
an LRT structure. In Cologne and Rotterdam, LRT in-
stallations exist and provide high-capacity transport
with minimal impact on the residential and historic
areas of the cities.

Current Trends:

The materials, equipment and vehicles required for:
LRT use are available worldwide. New rolling stock is
being supplied for Helsinki and for LRT operations in -
Fort Worth. The Boeing. Vertol LRV is being built in. -
Philadelphia for revenue service in Boston. .This vehicle
has been in revenue service since December 1976, The -
Pullman-Standard Car Manufacturing Company of Chi- .
cago has designed a:new four-axle vehicle, In Ontario,
there are in production both four-axle and six-axle ve-. .
hicles currently slated for use in Toronto,. An indica--
tion of the versatility of LRT technology for adapting to
new social objectives is seen in Boeing Vertol's proposal
for handling wheelchair patrons by prov1d1ng a hydra.u}.lc
1ift within the vehicle. :

When innovative planmng in urban transport is-en-
couraged, the difference between the design and cost of -
LRT equipment and those of heavy-rail equipment be-
comes very apparent, - LRT technology combines design’
and equipment that adjust easily within the existing urban
fabric and operate through the historic, recreational,
residential, governmental, and business communities: :
with ease. The idea that a railbound vehicle, operating
in its own reserved or private right-of-way, must be ..
expensive and overbearing on its surroundings is found
not to be true in light of existing appllca.tlons

The planners and engineers interested in the use of -
this technology should review the methods used in other -
nations, However, such interest should not envision .-
total and strict importation of another city's operation -
but rather should examine innovation in the urban trans-
port planning process. In this manner, LRT will be :
feasible for expanded installation w1th1n many cities of -
North America.
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Problems and

Prospects of Light-Rail Transit

Vukan R. Vuchic, Depariment of Transportation Engineering, University

of Pennsylvania, Philadelphia

The difficult task of rescuing our urban transit systems from several de-
cades of neglect has only started. Among the obstacles to transit im-
provemnents is our deeply rooted double standard for different types of
expenditures: Purchase of wasteful items by consumers is considered

to move the economy but the use of pubiic funds, even for the construc-
tion of very useful projects, is often criticized as wasteful, Another seri-
ous obstacle to the development of rail transit in our country has been a
lack of expertise in the planning, technology, and operation of these
modes. We have virtually invented a newy mode: unreliable rail transit.
A conmrﬁmsagﬁéa{y\fﬁ?technical skills that this
technology requires to fully realize its great potential. A major step to-
ward that goal would be made if the Urban Mass Transportation Ad-
ministration would redirect some of its efforts from the development of
exotic modes (some of which have little potential) toward the moderni-
zation of standard rail and bus technologies. In spite of these obstacles,
light-rail transit {LLRT) has recorded significant advances. It is now
broadly recognized as a serious contender for major transit improve-
ments in many medium-sized and large cities. Its modernization in
Europe is continuing, new LRT systems are under construction in Can-

ada, and several U.S. cities are actively planning or designing new LRT
systems. There is also a major potential for extensive deployment of LRT
in the large cities of developing countries that has not been fully recog-
nized yet. President Carter has promised to pursue three important
goals: to revitalize cities, to decrease unemployment, and to increase
energy efficiency; if he takes a correct path toward these goals, we
should see construction of LRT in a number of our cities in the near
future,

Few areas incorporate and symbolize as many of the
problems, conflicts, and challenges of modern society
as urban transportation does. Among the most complex
problems of our society is finding the right balance be- -
tween the interests of individuals and society —~the di-
lemma of where, how much, and in what manner to in-
troduce public control over planning, development, and
operation of systems that consist of private and public
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components; the serious problems of reconciliation of
functional requirements with environmental protection
and excessive energy consumption are also found in
urban transportation in very acute forms. Moreover,
the interdependence between urban transportation and °
the strength and character of cities is so strong that -
we often debate the merits of different modes (such as
automobile versus transit) on the basis of the differences
we have in our concepts of what cities should look like-
or, even more fundamentally, how prosperous and how .
livable cities should be. Public transportation is par-
ticularly closely related to the prosperity of cities, TIts
analysis must therefore be done in the light of an analy-
sis of the general trends that affect cities.

RECENT TRENDS AFFECTING URBAN
TRANSPORTATION

There has beena growing consensus that the private auto-
mobile, whenfavored oveér other modes and used indis-
criminately as has beendone for decades, isnot compati-
ble withan attractive urban environment and that some
means of regulating and Hmiting its use areabsolutely .
necessary if we want tohave livableand healthy cities.

The first results of this changing attitude can be seen
in the openings of numerous pedestrian malls and
auvtomobile-restricted areas in various cities. However,
the more comprehensive measures, such ag increased
taxation for parking, limitation of automobile entry into.
certain areas, monitoring of traffic-flows on various
facilities, and extensive limitation of through traffic in
cities, are still found only in theoretical discussions.
The fact is that the greafly underpriced use of the pri-
vate automobile in cities remains the key obstacle to
efficient urban transportation. Until that problem is
resolved, we will be facing financial crises in all urban
transportation systems. We will also continue to have
serious environmental problems and extremely high
levels of energy consumption.

After a slowdown during the energy crisis, auto-
mokile ownership has continued to increase in virtually
all countries. But it is highly significant that, despite
this trend, many cities that undertook transit improve-
ments have had a stable or inereasing fransit ridership.
This has clearly shown that the automobile does not
have an unexplainable magic but that urban travelers
choose among modes with very rational judgment. Tran-
sit ridership has been stable or has increased in many
Eurcpean cities, as well as in Toronto, Edmonton, and
several other Canadian cities. Relatively modest im-
provements of transit have algo resulted in drastic in-
creases of ridership in such cities as Pittsburgh, San
Diego, Honolulu, and Minneapolis.

Most of these recent trends have contributed to an
improved image and a greater recognition of the vital
role of public transportation. Inmost countries, invest-
ments for construction of new transit lines and for opera-
tionshave increased, and treatment of transit vehicles
has been improved through various priorities. These im~
provements are significant, but the difficult task of re-
covering from several decades of total neglect of public
transportation in our cities has only been started.

Several of these recent general trends have had a
direct impact on the role and potential of light-rail
transit (LRT) in cities in many countries. A particu-
larly strong impact has been made by the tendency to
improve the utilization of existing facilities, primarily
through provision of various types of transit rights-of-
way on the surface., We are finally beginning to rec-
ognize the fact that transit vehicles should be given
priority over other vehicles at least in proportion to
their higher capacity and efficiency. Provision of

.+ rail vehicle (LRVY
; } pléx électronics,

separate right-of-way and transit priorities at 1ntersec-

- tions have made LRT feasible and desirable in many- -

cities in which only a few years ago rail technology was
considered to be unacceptable.

The recognition of the potential of LRT has been a1ded
by the success demonstrated in cities that gradually im-
proved LRT for a number of years. They have now up-
graded their most critical network portions and-have
clearly shown that medium-sized cities can effectively.
use rail transit on an extensive network. LRT is thus .~
filling the wide gap between the low level of service and
low investment required for buses and the high level of
service and high investment required for rapid transit.

The relationship between LRT and modes adjacent to:
it in the spectrum of transit modes hag been clarified:
somewhat, but it remains a subject of many discussions
for specific applications. The discussions about the _
merits of LRT versus rail rapid transit (RRT) have been
lively and often unnecessarily confused by two extreme
points of view. On one side, there are those who believe
LRT is so seriously impeded by its grade crossings or
surface operation that it can never give satisfactory per-
formance; RRT is therefore the superior mode. At the
other extreme are those who believe that LRT hasa -
greater flexibility of alignment and that, with proper
design and regulation of crossings and street running,
this mode can virtually match RRT performance; there-
fore LRT is superior to RRT in virtually all applications.’
It is raiher easy to prove that both of these exireme
views represent incorrect overgeneralizations.

It is interesting that there has recently been a ten--
dency to develop systems that use many good charac-
teristics of both modes: ability to have grade erossings
or street operation of LRT and operation in trains of
three or four cars on grade-separated tracks of RRT.
Line A-1 in Frankfurt, line 8 in Gothenburg, the planned
Buffalo line, and the second line of the Rotterdam Metro
belong in this category. Thus there is a nearly con-
tinuous spectrum of modes from LRT to RRT, However,
the fact remains that there is abundant experience to
show that, despite the large overlap between the domains
of the two modes, each one also has a large domain in
which it is clearly superior to the other.

It should be pointed out that the desire to make all
LRT systems as much like RRT as possible to avoid
having an inferior LRT system has often been short-
gighted and damaging. It is now rather widely recog-
nized that the extremely high standards for LRT repre-
sent overdesign for many applications. For example,

a recently developed, well-publicized European light-
proved to have

___________ cannot negotiate many existing_ curve.ﬂ:»
is much heavier than earlzer models, and is 1nconven1ent

" Tor” low-platform boéarding.” Successful application of

this LRV model in a couple of cities does not mean that
such 2 large vehicle is applicable on most LRT systems.

The problem of overdesign (or goldplating) and the

'i technical complexity of vehicles and infrastructure rep-
Tresent damagmg factors; they actually decrease the

domam of rail modes, Wh1ch may be unnecessarily
priced out of some a.pphcatmns However, there are
indications that a more economical design is now re-
gaining its importance.

OBSTACLES TO LRT DEVELOPMENT

The slow development of LRT, particularly in this coun-
try, canbe explained by a number of serious obstacles that
we are facing. Let us again start with a review of the
major general problems in our society that impede re-
vitalization and modernization of our cities and thus also
impede improvement to public transportation and LRT.
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We have very deeply rooted double standards for dif-

ferent types of expenditures. We tend to consider all pri- -

vate expenditures desirable consumer behavior that moves
the ¢conomy, while we tend {o regard all public expen-
ditures as suspicious investments that are offen a waste
of taxpayers' money. A popular view is that, if a per-
son purchases an automobile that bas a vinyl roof, push-
button windows, power brakes, and so on (which con-
sumes a great deal of fuel), this represents a desirable
expenditure, while the construction of new public facil-
ities, such as transit lines, is an investment that should
e minimized by all posgsible means. Does that really
make sense? Should we consider the automobile indus-
try the most vital and desirable basis of our economy ?
Should we not include many public works for constructing
permanent, efficient, and extremely useful facilities

as an even more attractive mover of our economy? Let
us not forget that a major factor behind the law that
instituted the Interstate highway system was the crea-
tion of jobs and stimulation of our economy. We should.
now focus our forces on similar types of public works,
but primarily on the projects that permanently benefit
our cities and society.” Improved mobility, stimulating
development of desirable urban environments, and en-.
ergy conservation are some of the potential major ben-
efits rail transit offers. :

Our country is obviously in a state that could be de-
scribed as ''closed-eves happiness.'" It is quite un-
pleasant to think about the worsening energy problem,
so we choose to totally ignore it, President Carter's
energy program, which is rather modest and probably
inadequate if his description of the seriousness of the
problem is correct, has been attacked as too drastic.

If the problem were not so serious, it would be quite
amusing to cbgerve many representa.twes in Congress
declaring that, under the proposed additional 1.3 cents/
L(5 cents/gal) gasoline tax, people will not be able to
get to their work places. The same representatives do
not express such concern when communities run out of
funds te support minimal bus service to large segments
of our cities. This let-them-eat-cake approach is
hardly a sign of enlightened leadership.

A major oversight in the delineation of the energy
program has been a virtually total omission of consider-
ation of transit as a major factor in energy efficiency.
President Carter’s program takes a popular but incor-
rect view that contends that we cannot get people out of
their automobiles and that the role of transit is not sig-
nificant. The former has been proved wrong in many
instances, while the latter is incorrect in its basic ap-
proach. It is neither the present volume of transit use
nor its present role that should be considered. The po-
tential of transit lies in its ability to serve a much larger
share of urban travel if it is properly financed, de-
signed, and operated. If ridership is increased, transit
can effect a much greater energy saving than is now the
case,

Organizational deficiencies in our cities also rep-
resent a major obstacle that has not gotten adequate
attention so far, The multiplicity of governments in
metropolitan areas makes a functional approach to such
problems as transportation very difficult to achieve.
Many organizations, such as the National Conference of
Mayors, represent only central cities instead of metro-
politan areas. How long can we ignore this deficiency ?

An extremely serious specific problem is the very
high degree of major errors made both in the design of
rail transit systems and in the manufacture of rail ve-
hicles, control systems, and other components. Due
to the serious incompetence in these fields, we have
actually invented a new version of {ransit modes: rapid
transit with low reliability, This is directly contrary

to one of the basic characteristics of rail transit, In -
dozens of cities around the world this mode has been
operating with reliabilities very close to 100 percent

for many-decades. . The new rapid transit system in - . )

Munich had two significant delays during its first year.
of operation. . Some of our new systems have that many

- delays in a week or even in a day.

This problem is explainable by the lack of competence
that resulis from. decades of neglect of rail transit
technology in this country, but it is not excusable, and
it cannot be tolerated. The cost of this problem is ex=
tremely high.. Frequent technical probléems increase -
operating costs and cause user inconvenience and loss.

of riders. Moreover, they generate totally incorreet . -

opinions among laymen about the characteristics of rail
transit. The news media have recently displayed a
shocking lack of basic knowledge and have. contributed
to confusion, with diligent assistance from the tradl—-
tional opponents of rail transit. o

Let me point out that, if the telephones in Albania
do not work well, it is _hardly proof that the telephone -
system as a mean's of communication is inefficient and.
unreliable. Yet the opponents of rail are trying to say
that because some of our new rail systems have fre-
quent breakdowns, rail transit in general is ineffective
and unreliable. Not only transit operators but millions-
of rail transit users in New York, London, Berlin, and
many other cities know very well that high reliability is-
one of the basic inherent characteristics of properly de-
signed and competently managed rail transit, They also
know that rail transit is a major asset of their cities.

While debates and criticisms of urban transportation
planning can be useful and productive, this is only the -
case with constructive criticism. We do have, unfor-
tunately, a vocal group of professional critics who are
usually opposed to all improvements not only of public
transportation but of cities in'general. Because rail
transit plays a major role in cities, this mode is their
primary target. Most of these critics explain all con~
ceivable problems very simply: They are due to rail
technology. They are like the Luddites in England who,
about 150 years ago, blamed machines for their unem-
ployment and tried to sclve the problem by destroying
them, According to these critics, rubber-tired vehi-
cles on highways, ranging from buses down to jitneys
and car pocls, would offer better and cheaper service,.
While this is true for some cities or areas, no responsi-
ble and knowledgeable professional can make such a
categorical statement.

The fact that separate right-of-way is both the key
to transit performance and its ability to compete with
the automobile {regardless of transit technology) and
the main element in investment cost (again regardless
of technology) is completely ignored. Successful rail
gystems, such as the Lindenwold Line, are not men-
tioned.

It is unfortunate that the planning for the year 2000,
which was based on extrapolation of past trends and of-
ten produced the unrealistically large plans that were
typical of the 1960s, has now been replaced (at least in
the United States and Great Britain) by an ultraconserva-
tive philosophy of no investment—a philosophy of thinking
small and not far ahead. We have now been bouncing be-
tween the unrealistic, imaginary future and vague, ir-
responsible proposals that we should return to the free
competition and primitive organization of urban trans-
portation that was actually superseded at about the turn
of the century. There has also been, however, an en-
couraging event in this area recently. Public Transpor-
tation and Land-Use Policy (1), a study performed by
the Regional Plan Association of New York, is a major
contribution toward better understanding of this impor-
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tant aspect, More studies of this type are needed. -

REVIEW OF LRT PROGRESS

By far the best progress in actual development of LRT
has continued to take place in a number of European
countries, particularly West Germany, the Netherlands,
Switzerland, and Belgium. The number of new systems,
lines, and extensions has not been great, but the work
on upgrading existing networks has been intensive and
has had excellent results. Brussels, the Hague, Han-
nover, Cologne, Zurich, and many East European cities
have introduced new sections of lines on separate rights-
of-way, LRT in pedestrian malls, many innovative
traffic-engineéring measures for LRT priority, and so
on. These cities have good coordination of LRT with
buses and rapid transit, as well as park-and-ride sys-
tems and numerous new technical inventions, designs,
and operational concepts. There are indications that
this trend is now also spreading to those countries that
had abandoned sireetcar systems long ago, e.g., France
and Great Britain.

A major problem of urban transportation is beginning
to appear, or at least to be fully appreciated, in the de-
veloping countries. The number and sizes of their cities
are increasing at a rapid pace and transportation is be-
coming a serious bottleneck in their development. Most
of them have used low-cost solutions that result in only
temporary relief. To even begin to create an adequate
transportation system, most of these cities, such as
Cairo, Bangkok, Teheran, Caracas, and Bogota, will
have to have high-capacity modes. The potential for the
use of LRT in these cifies is great, but it has not been
fully recognized by many planners. At the present time
there is operation or construction of LRT in Brazil,
Egypt, India, and several other countries. There is
also rapid-transit consiruction in several cities in these
countries,

Closer to home, LRT in Canada certainly deserves
careful attention, Not only have Edmonton, Calgary,
and Toronto made excellent progress in planning, but
the approach and organization of their project implemen-
iation sets a good example for many U.S. cities. Indi-
cations are, however, that these developments of LRT
are only the beginning of using the large potential this
mode has in these and several other Canadian cities,

Progress in the United States during the 2 years since
the first conference on LRT has beenparticularly success~
ful in Buffalo and Pittsburgh, but other cities, such as
Portland, Oregon, Dayton, SanDiego, and Hartford, are
alsointhe process of considering orplanning LRT systems.
However, this progress falls short of the needs of our
cities and the potential of this mode to meet them. The
new role that LRT has assumed was very noticeable at
the meeting of the International Union of Public Trans-
port in Montreal in May 1877. Not only was there an
extensive discussion about this mode, but preparations
are now under way to establish a committee on LRT
within this organization, the largest on public transpor-
tation in the world.

PROSPECTS FOR FUTURE
DEVELOPMENTS

In reviewing and summarizing the developments and
various factors influencing the development of LRT, we
can see that its potential is now very strong, certainly
far stronger than most of us could have predicted
several years ago. This potential is often underesti-
mated, There is a continuing tendency to use the max-
imum (and often exaggerated) capacities as the required
criteria for introduction of 2 mode. First, it is not

s
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true thal we must-have 40 000 persons/h for.RRT, 20:000 .
for LRT; 10 000 for a busway, or 3000 for a surface bus
line. These figures represent the maximum capacities
of the modes ~the upper limits of their applications,
Each one of these modes can be justified at much lower
volumes. LRT can effectively serve 2000 to 3000
persons/h, and bus lines can operate with a few hundred
persons per hour. Further, peak-hour volume in one
direction is not the only criterion: System performance
and s_ervice quality are often the dominant fiactors. If
this is properly understood, it is then obvious thatg- = .
greal number of our cities have corridors or ent1re net-
works that are suitable for LRT, S

Unless we remove the serious obstacles to transit
improvements and accelerate our progress in that direc-
tion, we will not be prepared for the worsening energy
crisis, for the increasing economic and social problems
in our cities, for recovery of our deteriorating urban
environment, and for zll the problems that extreme
private affluence and public poverty bring with them, . -

President Carter, among others, has expressed three
important goals: to revitalize cities, to decrease un-
employment, and to increase energy efficiency, in which
transportation i3 a major item. Improved public trans-
portation, including comstruction of new rail transit
lines, is certainly an obvious and logical method of
achieving all three of these goals. More off-street park-
ing is the last thing most of our cities need.

Our progress in urban {ransportation will accelerate
considerably if the Urban Mass Transportation Adminis-
tration {UMTA) focuses more intensely on two basic
objectives: (a) to prevent or af least minimize the prob-
ability of major failures, such as technical problems
and excessive costs, and (b) to undertake more programs
of very practical, operational, and tangible improve-
ments in our transit systems. The first goal will be |
achieved by fostering much better expertise in planning
and design of transit systems, vehicles, and other com-
ponents, UMTA has made valuable efforts in LRT sys-
tem planning and design concepts, but its research and
development efforts in vehicle development of all eon-
ventional modes have been less than successful. While
many exotic technologies, some of which clearly have no

¢ future, have been given a lot of attention, several ver-

! sions of UMTA ~-sponsored prototype vehicles using con-
¢ ventional technology (e.g., the Transbusand the rapid

transit state-of-the-art car) have produced excessively
complex, heavy, unreliable vehicles that are, in many
respects, less advanced than the latest vehicle designs
in Europe,

UMTA must monitor vehicle specifications and de-
sign of transit systems more closely. It must prevent
a vehicle manufacturer that made numerous design
errors on one rapid transit system from getting another
order for cars in the future. We simply must reacquire
the lost ability of building and operating reliable and ef-
ficient transit systems. Additional, stable financing
and better training of technical personnel are required
for that,

Another potential failure lies in the downtown peocple-
mover program. If we look back over experiences with
new modes, we can see that virtually each one caused
major problems, extensive criticism, and often lawsuits
after its opening. Installations in Dallas-Fort Worth,
Morgantown, and Toronto were not bright momeits in
transit innovation. Short-haul transit service is a miss-
ing link in many downtown areas but, if we learned very
bitterly in Morgantown that testing a new transit mode
on a line that is supposed to perform a regular revenue
service is highly risky and usually damages the entire
transit program, why are we now planning to use various
combinations of new technologies, planning, and operating
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concepts in as many as 7 to 10 cities at the same time?
Does it make sense that wé take this serious risk in so
many cities while the proven mode of LRT has been ap-
proved in only 2 of them?

The second goal, to make real progress in transit |
improvements, will be achieved if we not only provide
transit systems with reliable hardware but alsc develop
economical design and efficient operation. Our transit
systems suffer from obsolete fare-collection methods,
inconvenient scheduling, inadeguate (or nonexistent) in-
formation for passengers, rampant vandalism, and
strikes from which, often, no one benefits, - Focusing
on solutions to these problems may not be a highly .
glamorous task, but solutions to.these problems are
necessary if we are to offer reliable, comfortable,
and economical transportation that pasgengers will ac-

cept and appreciate, We should never forget that it is.
the urban traveler for whom we are designing our sys-‘ .
tems and our urban populaticn for whom we must pro-- .
vide better cities. The developments in Boston and
San Francisco, which had difficult beginnings after
years of neglect, show that LRT is one of the modes
that, with the cooperation of various concerned agen-
cies, can lead to major improvements at. moderate .
costs, The need in many other cities is great, and ur-’
gent action is required,
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Issues in the Implementation of

Light-Rail Transit

Gerald B. Leonafd, Los Angeles County Board of Supervisors

A conference on light-rail transit (LRT) invariably seems to draw outa
highly explicit discussion about car design, the existence of rights-of-way
for construction, and the great disparities between European advances
and those in the United States. This paper suggests that, despite the high
degree of competence that the technical community can elaim in advo-
cating LRT implementation, it is all little more than an academic exer-
cise if the local, state, and national political realities are not recognized
as integral aspects of implementation. The discussion in this paper is
based on a survey conducted on a national scale of the key political fig-
ures in those states or areas considering LRT, as well as many key mem-
hers of the agency and consulting staffs. The paper calls attention to
the essential weaknesses inherent in current efforts to revitalize LRT as
a primary element in urban transportation. ;

I intend to single out in this paper two issues I believe
are extremely important to the implementation of light-
rail transit (LRT), even though I am dealing with one
of the least developed aspects of LRT implementation.

I hope that this particular orientation may serve to
channel our efforts in the most productive way conceiv-
able so that we all might improve our efforts to im-
plement LRT across the country.

In preparing this paper, I examined the planning and
engineering studies of all the cities in North America
involved in the development of LRT. Noticeably absent
from these abundant descriptions of rights-of-way and
technical specifications of cars is an attempt to identify
the political climate in which this work is taking place.
Ultimately, most if not all of the studies are at least
temporarily sidetracked because the plans do not fit into
the political envirenment or because they have run into
problems in receiving funding from the local community,
the state or province, or the federal government.

Those of us involved in the planning of LRT systems,
although we are professional in our standards, are in-
variably buffs on the subject and consequently talk mostly
to each other. In our planning and engineering studies,
we use slides and diagrams to illustrate all the virtues
of a technology that we have already acknowledged is
part of our justification for pursuing the implementation

of LRT systems. But in this talking to curselves, I
think we have somehow missed a far more critical issue
involved —that of using our combined expertise in talking
to the public or its political leadership. '

The fruition of our technical skills—the building of
an LRT line or network—in some city or a number of
cities depends not so much on whether the vehicle is ar-
ticulated or the vestibule can be entered from both high-
level and sireet-level platforms or on the number of
trucks that the vehicle has but whether such a scheme
to build an LRT system is compatible with the wants of
the general public and with the political priorities for
the expenditure of limited public funds as seen by the
various political jurisdictions. The competition for funds
with which to construct LRT systems has never been
keener than it is at present in our mildly depressed eco-
nomic environment. It therefore remains for us to
recognize that the public's perception of government and
its current levels of expenditure are primary concerns
to the public and consequently primary concerns of our
elected officials. Keeping this in mind, it is highly
advantageous$ to recognize not only the ability on our part
to design the most efficient and fastidious system con-
ceivable for the public good but also to take clearly into
account an accurate reflection of the existing economic
conditions at all levels of government.

In trying to assess the best means by which to assem-
ble an accurate statement on the political and institutional
problems associated with the implementation of LRT sys-
tems, the obvious and easiest means by which to do so
would have been to identify from one's own experience
and research what such impediments are and how a ra~

tional program to resolve these roadblocks to implemen- -

tation might be established. In the case of this research,
however, I have chosen to recognize that the strongest
sources for identifying the problems associated with the
implementation of LRT are the political leaders and
planning technicians involved in the planning, design,
construction, and operation of the various systems
currently in operation or proposed for operation in
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various cities of North America.

To this end, contacts were made with key elected
officials, people in the various operating agencies,
people in the engineering community involved in the
planning and design of such systems, and people in the
various metropolitan planning organizations that have
jurisdiction over the expenditure of public funds from
the federal government at the local level. The response
to this survey was exceedingly good. The process to |
be used in developing this paper seemed to be appre-
ciated by the people involved from the various cities.
There seemed to be a recognition that this was a better
way to present the various points of view from all cities
than to extrapolate a single point of view for all possible
applications around the country. The following discus-
sion is based on the identification of political and in-
stitutional problems at the various levels of government
and jurisdictions from a broad cross section of operating
properties and cities in which LRT hasbeen proposed or
is being operated in both the United States and Canada,

PROCEDURE

There are, no doubt, unigue institutional and political
problems associated with the implementation of LRT - .
but, by and large, those problems would not differ mea-
surably from problems of implementing a conventicnal
rapid transit system. This seems to be the opinion
commonly held by respondents in the United States and
Canada to my query as to what political and institutional
problems were identified in cities operating, construct-
ing, engineering, or planning an LRT system. The
areas contacted were

1. In operation: Pittsburgh, Toronto, San Fran-
cisco, Chicago (Skokie Swift), New Orleans, Cleveland,
Boston, and Philadelphia;

2, Under construction: Edmonton and Vancouver;
and

3. In the plamning stage: San Diego, Santa Clara
County, Detroit, Rochester, Denver, Aspen, Dayton,
Portland, Oregon and L.os Angeles, :

Although this did not cover all cities, it was felt that
those included would offer a sufficient cross section for
the purposes of this presentation.

In each city, various agencies were contacted to pro-
vide a multidimensional frame of reference, i.e., tran-
sit operators; metropolitan planning organizations and
their consultants; and the local, regional, and state
political leadership associated with their respective
projects, Not all responded, but the responses received
provided an excellent foundation for the paper and con-
firmed my suspicions about the role to which we have
heretofore relegated the political and institutional real-
ities of implementing a transit guideway project, LRT
in this case, Most respondents replied in depth, in-
dicating that the query had struck a tender spot that they
had identified in their process of attempting to plan for
or implement such a system.

Because of the nature of the questions posed, it is
politic at this point to refer to the responses without
naming the individuals concerned, their organizations,
or possibly even their cities. The nature of the re-
sponses puts numerous cities, organizations, or indi-
viduals at odds with the Urban Mass Transportation Ad-
ministration (UMTA), and I would not want this paper
to further impede their relationship with that organiza-
tion.
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SPECIFIC INSTITUTIONAL PROBLEMS
AFFECTING LRT IMPLEMENTATION

There is a rather wide range of problems of an institu-
tional nature, ranging from those seen as purely local .
to those perceived as major roadblocks put in place by
UMTA. The most commonly identified institutional prob-
lems related to the implementation of LRT were the
following.

UMTA Administrative Procedures

The feeling was implicit in the problems identified by -
the respondents that UMTA has a very strong bias in
favor, of existing rail properties. UMTA is perceived :
as having a philosophy that it is more important to up-:
grade transit in order to help upgrade such cities as New
York than to create new rail networks to help hold the .
line against the deterioration of various other cities.
UMTA is also considered shortsighted in preferring
that various cities around the country develop expensive
bus grids rather than create rail networks. The argu-
ment is made that UMTA may be using too short a range
in comparing the advantages of bus and rail.
1985 is viewed as the horizon year, then the more

- capital-intensive rail network will not outweigh the cost

advantages demonstrated by a bus network, On the other
hand, if 1990, 1995, 2000, or some point beyond that
(which is still well within the scope of the development
of such a project) is used, then the longer period for
amortization of the rail network offsets the higher capi-
tal cost. Simultaneously, the lower cost per unit of
labor greatly favors the rail system as well.

UMTA is also seen as the ""'mighty bureaucrat of the
East' that has little comprehension of the real problems
associated with diffefing technologies or implementation
strategies at the local level. It is seen as developing
solutions to problems that are not themselves thoroughly
understood, using technologies that have little practical
adaptability. UMTA is also viewed as having an inade-
guate stalf at the regional level, especially in certain
parts of the country; the staff is not considered capable
of working with the cities in each regmn in an effective
way to help guide them.

One respondent noted that "there appears tobe a
constant flow of new federal requirements to justify ex-
penditures for capital funding.!' A new set of buzz words
is issued as the new official language of the federal gov-
ernment, and the cities are then all expected to proceed
through a new set of hurdles to justify the inability of the
federal government to come to grips with the true scale
of the problem. The complex funding relationship be-
tween the local and state governments and UMTA is
entirely too cumbersome and slow a process to be effec-
tive in terms of helping to solve urban problems, This
slowness clearly has the effect of damaging the sensitive
balance that local decision makers are often able to
achieve among the various factions that are at odds in
their comnmunities. The long lead time often then breaks
that cohesion down and puts that urban area back at
square one in the process. One respondent expressed
the opinion that, aithough that may sound terribly inju-
rious to the local level, it does have the effect of deferring:
any judgment at the federal level.

The joint development of a transitway within the
right-of-way of a highway has been proposed for a num-
ber of cities throughout the country, but this is an ex-
tremely difficult process to implement since distinctly
different applications for funding are required by UMTA
and the Federal Highway Administration.

If 1980 or
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Shortage of LRT Expertise

State departments of transportation have been identified
as principal sources of difficulty in having LRT con-
sidered as a potential solution in urban areas in various
states. TFirst of all, the state departments of transpor-
tation are regarded as purely highway oriented, even |
though they have gone through the metamorphosis-of a
name change to enhance their images. In many cases
their staffs do not have the resources to work effectively
on LRT in its current state of development. In many
cases, it was reported, even '"consultants brought in

by these organizations to bolster their own staff weak-
nesses are inadequate to meet the challenge, since many
of the genior professionals are basically unfamilar with
this technology.' -

A similar lack of familiarity with modern LRT tech-
nology is widely found among key decigion makers. As
a consequence, the stigma of the image of streetears,
overhead trolley wires, and safety problems militates
against its application in many locations,

Proliferation of Political Entities

In most urban areas, the number of government hodies
or other entities that have a voice in the decision-making
process for transit is a critical factor in the problem

of expediting the process. This beightens the problem
of achieving consensus on any given transit proposal in
general or, more specifically, on the technology to be
applied within a given strategy.

A similar problem is found in several areas in which
the regional authority empowered to provide a regional
transit network has jurisdiction only within some parts
of the region and not in the whole region. For example,
the regional operator may have a political mandate to
consolidate all transit service within its broadly defined
jurisdiction, but the practical ability to achieve this goal
is withheld by one of the key political figures in that
area. If this person is committed to one particular tran-
sit strategy, even though a basic consensus has been
achieved by virtually all other political entities within
that region for a different strategy, he or she is, in ef-
fect, holding any transit project in the area ransom until
such time ag his or her own particular philosophy pre-
vails.

Restrictiveness of Regulatory
Commissions

Both commerce commissions and public utilities com-
missions produce institutional probiems when they try

to apply yesterday's control measures to the irplemen.-
tation of a new transit strategy. The excessively low
speed Himits these commissions prescribe in various
jurisdictions and their requirements for drop gates and
warning devices create a very difficult condition for the
implementation of LRT. These limitations impair the
range of benefits this unique mode has to offer. Railroad
criteria have been used to evaluate applications for LRT
operations at grade and in areas that would have at-grade
crossings. Use of railroad standards implies an analogy
between LRT and either high-speed, highly infrequent
intercity passenger trains or the slow and cumbersome
freight operations that also operate in these situations.

Transit Versus Highway Funding

The traditional split in funding between highways and

transit is clearly an institutional problem in the imple-
mentation of LRT. The level of funding accorded to the
potential development of LRT or even to research, es-

pecially at the state level, in many cases is.'grossly in- - .
adequate to foster this particular urban alternafive.

"~ Appeintive 'Representation

A number of respondents in this investigation reported
that the governing board of the operating authority had.
an imbalance between the eily and suburbs, or at least
a perceived imbalance. This imbalance or'perceived - -
imbalance creates an ideolopic split between the city -
and the suburbs in relation to. the distribution of funding
and the generation of the local matching requirement,
When the state was a partner in funding the local match-
ing requirement for obtaining federal funding, the state
was almost always perceived as having too much control
over local deecisions as a consequence of its involvement, .

Conclusions

Some of the probleras related to instifitional considera~<
tions of implementing LRT are eaused by misconceptions,
including the fear by local traffic engineers that the free
flow of automobile traffic may be impaired as a conse-
quence of the at-grade operation of this mode. As che
respondent wrote, "'Carrying this perceived problem to
the next step of absurdity suggests that the air quality

of the region, or more realistically the subregion, may
be jeopardized as a consequence of the impairment of .
automobile traffic at transit grade crossings. In the case
of California, if this were a real problem, the project
would then have to be justified to the Air Resources
Board in terms of the California Air Quality Act.™’

The desire on the part of all elected officials and most
planning technicians to provide an accesible transporta-
tion system for the entire population may well militate
against the implementation of LRT. In the case of Cali-
fornia, this presents a very real threat, since the state
department of transportation has identified a need for
full accessibility, which may well prohibit the develop-
ment of any project that uses guideways.

Contrast some of these problems of U.S. cities with
the situation in at least one Canadian eity, in which fran-
sit is viewed as a city operation with full liaison among
various city departments. The provincial government
has provided two-thirds of the cost of construction with
virtually no strings attached. This leaves the determina-
tion of options, routes, and sirategies to the local de-
cision makers. The other governmental entities involved
in this process actually helped the local government
rather than dictating additional or overlapping controls
to the project.

SPECIFIC POLITICAL PROBLEMS
AFFECTING LRT IMPLEMENTATION

These institutional problems, however, represented no
more than minor roadblocks to the implementation of
LRT when compared with the political problems associ-
ated with its implementation. The principal point of this
research is to dramatize the fact that a recognition of
the political environment is clearly the most significant
factor to be weighed by the technicians involved in at-
tempting to implement LRT, The key political factors
identified by the respondents throughout the United States
and Canada included the following.

Funding Split Between City and Suburbs

A problem found in each of the cities analyzed in regard
to implementing a guideway project was that of allocation
of funds between the predominant city and its suburhbs.
The split between city and suburbs on the guestion of




transit construction stems in large measure from the .
fact that any increase in taxation to fund such a construc-
tion program would be levied uniformly throughout the
taxing district but would be allocated in disproportion-
ately large share to the urban center. As a conse-
quence, the suburban fringe pays for a larger share of
the project but receives a smaller share of any such
construction, if it receives any at all. The central city
sees in this split a disruption of the urban center in
order to create ways for the suburbanites to get from
their middle-class and upper-middle~class neighbor-
hoods to downtown. The suburbanites see the split as
a means to promote the black exodus to the suburbs,

In the case of at least one major urban center pur-
suing the implementation of a fixed-guideway project,
for which one clear alternative is the implementation of
LRT, the proposal for subway construction in the heart
of the downtown area is viewed as another wedge being
driven bhetween the city and the suburbs, The suburban-
ites see the construction of a subway segment in the
downtown area as providing a disproportionately larger
share of the funding to that part of the urban area that
is least capable of supporting such a system. The view
is quite frequently expressed that the suburbs would
like to have a fund allocation program that uses a for-
mula based on the local tax revenues.

In one case in which the central city is pursuing a
subway segment and the suburbs fear a consequential
loss of funding for an extension to serve them, a coali-
tion has formed to block the tax increase measure for
it in the state legislature. Such divisiveness is quite
common throughout the country. The suburban counties
in this case have even gone one step further and pro-
duced a study of their own. It emphasizes the high cost
entailed in conventional rapid transit construction and”
has consequently called for an expansion of the bus sys-
tem throughout the suburban district and the urban core;
LRT lines would be used as the principal arteries along
existing railroad rights-of-way.

This kind of rift hetween the city and suburbs over
who pays for public transportation and who receives the
services makes it extremely difficult if not totally im-
possible to bring about a regional public consensus.

This raises the question of whether there is a political
mechanism by which the appropriate tax can be levied
over the whole urban area but approved in two distinct
ballot processes, The central city could vote on its

tax increase in light of the particular benefits that would
accrue to the central city. The suburban population
would vote on a similar tax increase that would pay not
for the central-city segment of the construction but only
for the suburhan segment of the total regional program;
the two parts, of course, would come together.

This approach may also be able to provide a resolu~
tion to a conflict entailed in the view that regional tran-
sit is often proposed as the principal investment scheme
for an urban area without a clear identification of how
the potentia) rider will get to the regional transit sys-
tem. The two-part approach could simultaneously ad-
dress the question of who gets canstruction first—the
city or the suburbs, The most common approach to
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the construction of a subway, rapid transit, or even LRT

- line is to begin in the urban core or the downtown area

and build outward to the suburbs in increments. The
suburbs are wary of this alternative since the funds may
well run out long before they realize any benefit from
the system, Whether that is the case or not, the bene-
fit to be realized is so far removed in time that the -
perception of not receiving anything for their tax dollars
is very clearly there.

The Ultimate Decision

As T have noted previously and as the reader is well
aware, the ultimate decision is political. It is to be
hoped that the political decision will be informed by
technical advice, but this advice is often simply by~
passed. The sensitivity fo this issue is most clearly .
manifest when the government issues a sirict set of -
guidelines that could divide the community but that are
not only met but form the basis for a public consensus.
If government does not then itself abide by those rules,
the local consensus breaks down, -and the animosity to- -
ward government, usually at the federal and state levels,
becomes a paramount issue,

In one western region, the various political entities -
at the local, state, and congressional levels had reached -
a broad consenSus for the development of a fixed- - '
guideway LRT project in their principal city. But the -
congressional delegates from this area were low in
seniority and apparently unable to bring influence to
bear. When decisions were made near the time of the
1976 national election on funding a flurry of projects,
this region did not get the needed funds, even though
the project may well have been Just1f1ed

Another problem area involves the laborious process
of alternatives analysis required by UMTA as a prereq-
uisite for the funding of preliminary engineering studies,
final design, or any construction. One urban area re-
ceived a large amount of money (in comparison with the
total amount available for distribution) without ever hav-
ing done any of the prerequisite alternatives analysis.
Los Angeles, on the other hand, which has studied every
possible form of rapid transit for 50 years and partici-
pated in every UMTA~funded study program, had its ap-
plication denied on the basis that it had to do yet another
alternatives analysis.

SUMMARY

Those of us involved in implementing LRT systems may
suffer a certain myopia because of our strong convic-
tion about the capabilities of this mode of transit, We
must broaden our list of advocates to include elected
officials at all levels of government and simultaneously
involve the people in programs that can open their eyes.
It is a prerequisite to our success that both of these
groups recognize that there is a limit to petroleum re-
serves, We must act as a catalyst to change the pub-
lic's perception of the utility of the automobile. And
then, after this groundwork has been laid, we can be-
come LRT planners once again,
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San Francisco’s Muni 'Met'r('), A Light-Rail

Transit System
Rino Bei, San Francisco Municipal Railway

This paper describes improvements that are being made in San Francisco’s
light-rail {streetcar) transit system, the Muni Metro. The new dual-leve!
‘Market Street subway accommodates Muni on the upper level and the
Bay Area Rapid Transit System on the lower level. The new articulated
light-rail vehicles, designed to serve the needs of both San Francisco and
Boston, are described. In order to provide facilities for storage and main-
tenance of these vehicles, a new rail center is being constructed. The de-
sign of this facility was a particular challenge because of constraints im-
posed by the small size of the urban site used. Virtually all surface )
tracks in the city are being replaced. Muni had hoped to develop special
transit rights-of-way in conjunction with the rerailing projects but.en-
countered a political snag in the process. The power supply system that
provides Muni's electrical power is unigue, and the facilities it uses are
also being upgraded. Finally, several route extensions contemplated by
Muni are described, The new Muni Metro system is scheduled to be in
full operation in late 1979,

San Francisco has always been oriented to mass trans-
portation. Before World War II the entire city was
covered by a network of streetcar lines. As in many
other cities in the late 1940s and early 19508, many of
the streetcar lines were converted to diesel bus or elec-
tric trolley coach. However, a basic rail network was
retained for those lines that were heavily patronized.
Most of these lines served the predominantly residential
areas in the western half of the city and transported
riders to the commercial and financial districts, which
are located in the northeastern section.

Between 1946 and 1952, the San Francisco Municipal
Railway (Muni) acquired 105 Presidents’ Conference
Committee {PCC) streetecars (cars first produced in 1935
that had performance characteristics far superior to all’
previous models). These were used on the five street-
car lines that originate in the residential districts and
then come together on Market Street, the main artery
of the downtown business district. The downtown area
of the city is the main destination of most of the Muni
riders on the average weelkday. These five lines, shown
in Figure 1, carry an average of 96 000 riders/d.

A significant event oceurred during the 1950s that
was to have a substantial impact on Muni in the later
years, This was the investigation of the feasibility of
& rapid transit network for the San Francisco Bay Area.
What finally evolved was the system that we know today
a8 the Bay Area Rapid Transit (BART) System. During
BART's study phase it was recognized that the BART
system would serve primarily as a commuter rail sys-
tem and would serve only one transit corridor in San
Francisco. A second subway route was shown as a
future rapid transit line following the streetcars’ existing
main trunk line along Market Street and through the
Twin Peaks Tunnel. The report stated that this route
would initially be used by the Muni streetcars,

In 1962, the voters of San Francisco, Alameda, and
Contra Costa counties (both sides of San Francisco Bay)
approved the BART bond issue; San Francisco provided
the largest affirmative vote, The bond issue provided
 for the construction of a two-level subway under Market
4 Street in which Muni would occupy the upper level and
. BART the lower level. Two proposed arrangements
' are shown in Figure 2, The Muni level begins at the
foot of Market Street and proceeds westward through
four joint stations. Beyond the Civic Center Station,
the BART Subway departs from the Market Street align-
ment and continues southward to its terminal across

the county line in Paly Clty

The Muni subway continues under Market Street to the
first Muni-only station, Van Ness Avenue. Beyond the
Van Ness Avenue Station there is a critical point for the
subway. This is the Duboce Porfal where the cars on .
two lines, the Jand N lines, emerge from the subway
and then follow their surfa.ce trackage (see Figure 1)..

The Duboce Porfal is arranged as a grade-separated .
junction with the inbound Duboce track passing under the
outbound Market track and mexrging with the inbound .~
Market track. This was posasible because it is the high<
est elevation on the Market Street subway.

Next are the Church Street and Castro Street stations.
The Castro Street Station is unique in that it is con-
structed on a slight curve and connects directly to the
Twin Peaks Tunnel, which was constructed by Muni in.
1917, 'Fhe tunnel is a horseshoe~shaped double-track
facility. It is of particular interest that, when the tun-
nel was being designed in 1914, it was anticipated that

there might be a subway under Market Street at a future

date, The tunnel grade was set so that, in the last 305
m (1000 ft) of the tunnel, the track rose on a ramp to
the surface, It was a simple matter, 60 years later, to
match the tunnel grade to the subway grade,

The final 3.6 km (2.25 miles) of the underground por-

“tion of the Muni Metro will be in the Twin Peaks Tunnel.

In essence, three lines (the K, L, and M)} will run un-

derground for a distance of approximately 9.6 kKm (6
fiilesy. These three lines will emerge from the tunnel
at the West Portal Station and then continue on their in-
dividual routes over surface trackage.

In the underground portion of the Muni Metro, the
cars will operate through three different sections. From
Embarcadero to Van Ness, two bored tunnels are used.
From Van Ness to Castro, a reinforced concrete double-
box section, constructed by the cut-and-cover method
is used. The final section is the Twin Peaks Tunnel,
which is a twin-track horseshoe-shaped facility.

All sections of the subway under Market Street were
constructed for Muni by BART. The stations and the
tubes are constructed to BART dimensions and are capa-
ble of handling BART rolling stock, A total of eight sta-
tions will have been constructed by BART. A ninth sta-
tion, Forest Hill, was constructed in 1917 when the Twin
Pealks Tunnel was completed. This antiquated station
will be completely replaced by Muni under a grant from
the Urban Mass Transportation Administration {UMTA).

Muni and BART have executed a maintenance agree-
ment that establishes their respective responsibilities
and costs. Essentially, Muni and BART will each be
responsible for their respective levels and areas of the
subway and will share costs in such jointly used areas
as the free areas of the mezzanines and the escalators
from sireet level,

BART provided a complete subway, including track-
age and architecturally finished stations. Muni's re-
sponsibility was to install all systems to make the sub-
way operational. This responsibility included electrifi-
cation, the subway signal contrecl system (100 Hz), fare
collection, an antenna system for communications, a
public address system in stations, closed-circuit tele-
vision for surveillance, and centralized train control.




Figure 1. The five lines of San Francisco Muni. -
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MUNI METRO CARS

The light-rail vehicle (LRV) that will replace Muni's
PCC streetcars has been specifically designed to suit
the unique conditions of the San Francisco terrain while
using modern technological developments in transit
equipment. The Philadelphia firm of Louis T. Klauder
and Associates was retained by Muni to develop the
specifications for a vehicle that would replace the PCC
cars on all surface lines and also operate in the BART-
constructed Muni subway. To get maximum use of the
new subway and its nine subway stations, Klauder rec-
ommended that the vehicle be equipped with special doors
and high-low steps to allow platform entry and exit in
the subway as well as street-level entry and exit in city
streets,

UMTA, which funded the joint purchase of vehicles
for Boston and San Francisco, stipulated that the LRV
should be standardized to the maximum extent possible,
The length and width of the vehicle were limited by

curves necesmtated an artmulated vehicle with three
trucks. The articulation also made possible a longer
vehicle that could carry more passengers per operator
than the PCC cars, The salary of the operator is a sig-
nificant portion of the cost of transit per passenger
kilometer,

Prior to 1972, the UMTA Office of Research, Devel-
opment, and Demonstration had sponsored a number of
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demonsiration programs to advance rail technology and:
apply the advances from other fields to transit vehicles,
However, there appeared to be small lkelihood that
these advances would be applied to production vehicles
because of the reluctance of transit operators to pur-
chase new and largely untried systems at costs that.
would not be competitive with the proven systems that
formed the basis of most vehicle purchases,

The design of an advanced soild -state propulsion control
system was one of a number of advances that had been .
underwritten by UMTA. The UMTA state-of-the-art car -
was equipped with such & conirol, called a chopper, and
was demonstrated on a tour of major rapid transit sys-
tems in the United States.

In order to introduce a chopper control into the fleet
of an operating transit system without undue finanecial -
burden on the system, UMTA established certain ground - -
rules for the bidding on the 230-car order for Boston
{150 cars) and San Francisco (80 cars); the order was
later increased to 175 cars for Boston and 100 for San .
Francisco. There were to be two propulsion control
options—a conventional cam contral and an electronic
chopper control. Also, if the total bid for vehicles with
electronic chopper control was less than $71 million,
the award would be made on the basis of that system re-
gardless of the bid for vehicles with a cam control.

\Since the Boeing Vertol bid for vehicles wjth an elec-
tronic chopper control was $67 million, the award was
\based i @ vehlcls with a chopper control.

The chopper was designed to operate over a variable
frequency range from zero (no motion) to 400 Hz at about
27 km/h (17 mph). At speeds above 27 km/h, the cur-
rent is not chopped. It was discovered during testing
that as the chopper swept through 100 Hz it caused elec-
trical interference with the 100-Hz cab-signal control
system. After a number of schemes had failed to com-
pletely eliminate potential interference, it was decided
that the chopper's range would have to be altered so that
it did not'operate at frequencies below 150 Hz.

The manufacturer of the propulsion system, Garrett
Corporation, developed and evaluated eight designs and
finally settled on a field-weakening concept that allowed
the entire redesign to be concentrated on one circuit - .
card.

The vehicle developed, known as the U.S. standard
light-rail vehicle, is a completely new vehicle and rep-
resents an enormous advance over the PCC car, which
was the standard for the last 40 or so years. During
the severe winter of 1976, the LRVs demonstrated a
cold -weather capability Superior to that of the PCC cars.
In sub-zeroc weather the Boston riders enjoyed car in-
ter1ors that maintained an even temperature of 21°C
(70°F). Resilient wheels and an air suspension system-
provided a vastly superior ride,

In addition to the extensive tests on the Boeing Vertol
test track starting in fall 1974, the vehicle was tested
for 11 weeks in Boston in 1975, In fall 1975, three vehi-
cles were sent to the U.S, Department of Transportation
test track in Pueblo, Colorado. Over a period of about
6 months, the vehicles were tested singly and in two-car
trains. Subsequently, other vehicles were tested in
Boston in simulated revenue service,

The San Francisco LRVs will have 68 seats, To ex-
pedite turnaround at terminals, the six side and front
destination signs will be automatically controlled from
the operator's console.

San Francisco has five transit lines. Three lines
converge, enfer Twin Peaks Tunnel at its West Portal,
and continue underground to the downtown terminal at
Embarcadero Station. The other two lines converge and
enter the subway at its approximate midpoint. LRVs
that operate as single units on city streets will couple as




20

Figure 2. Station cross sections for the two-level subway.
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they enter the subway, Two- and three-car trains will
uncouple as they leave the subway and return to street
service. Four-car train operation is possible. The
specifications for the LRV call for it to have the capa-
bility of automatic coupling and uncoupling with a full
‘1oad of passengers. Coupling and uncoupling are entirely
controlled by the operator of the following vehicle,
Coupling is used during peak hours to maximize the sub-
way's available capacity. Single-unit operation would
reduce capacity because of the distance the signal sys-
tem blocks require between units,

When units are coupled, the operator of the lead car
operates the whole train. All functions are operated
from the lead car except the doors. The cab consoles on
the following cars are locked out of service, Each opera-
tor operates the doors on his or her car, A light on the
lead car's conscle signals when the doors on all cars in
the train are closed. The coupling procedure at the por-
tals will require precision operation in respect to sched-
ules, Interference by automotive traffic or other sources
during surface operation could have a substantial impact
on schedules,

The San Francisco LRVs will accelerate at 1.34 m/s?
(3 mph/s) to base speed with a 100-passenger load. The
157-kW (210 -hp) monomotors on the end trucks are in-
dependently force ventilated. Braking is normally ac~
complished by a blend of dynamic and friction brakes, but
disc brakes are capable of providing full-service braking,
In addition, track brakes are capable of providing emer-
gency braking in case of a prime power fajlure,

Power is collected at the trolley wire.by means of a-
pantograph that uses contacts designed to negotiate the
gaps in the wire at trolleybus crossings,

The vehicles' radios are equipped for the transmis~
sion of digital data, such as the vehicle’s serial number,
in addition to normal voice transmission.

SURFACE SYSTEM

All surface trackage—approximately 32 route km (20

route mileg) of double track—is being replaced, including

that in the Twin Peaks Tunnel. This trackage has an
average age of 50 years, Rerailing consists of replacing
the rails, ties, accessories, and ballast, If the tracks
are in city streets, the street is also béing repaved {this
affects most of the routes). In some locations, open
trackage is located on private right-of-way or in the
median strips of wide boulevards, - '

It is very difficult to maintain streetcar service while

the tracks are being rerailed. It is accomplished by
using portable crossovers and single tracking in both di-
rections over a stretch of track while work is proceeding
on the adjacent track. The single-tracking length varies,
but it usually is kept under 300 m (1000 ft) in order not
to affect service. A temporary signal system is ar-
ranged to control movements, It is operated manually
during construction hours and automatically at all other
hours.

In order to reduce the impact of excavation on the
néighborhood, we have under way a program in coopera-
tion with the Department of Public Works (DPW) whereby
any sewer work that needs to be done is included in the
rerailing contract. The DPW has also been very cooper-
ative in work on projects that aid transit, such as instal-
lation of preempting signals, lane markings, narrowing
of sidewalks, and expediting permits for street work.

Where the tracks are located in the center of the
street “the streefcars operate in m1xea traffic. In order
T enhance the operating environment for the new LRVs,
which will require precision timing to remain on schedule
for subway operation, we developed a right-of-way treat-
ment for these locations. The tracks were raised 7.5 cm
(3 in) above the adjoining traffic lanes. Contrasting ex-
posed aggregate pavement was placed in the track area
to define the transit right-of-way, and it was given a
sloping edge, Legislative action was undertaken by the
Board of Supervisors (equivalent to a city council) to
amend the local traffic code to prohibit other vehicles
from driving on a raised streetcar right-of-way except
in an emergency or {o pass a double-parked or disabled
vehicle.

Our original plan was to use this right-of-way treat-
ment wherever feasible on the surface routes. The first
installation covered 10 blocks on the N Line, Affer
completion of the first projeet, considerable controversy
arose, both from the neighborhoods and from the drivers
of other vehicles. Claims of interference with estab-
lished traffic patterns and with ability fo enter and leave
driveways were voiced. The Board of Supervisors, while
it acknowledged the fransit benefits, yielded to political
pressure from neighborhood groups and refused to per-
mit Muni to continue this right-of-way treatment on the
N Line or any other line,

Many transit planners have strongly advocated this
treatment and, where wider streets than those in San
Francisco are available, there is great merit in pursuing
this idea. It is common practice in Europe. Unfortu-
nately, the narrowness of most San Francisco streets
makes it difficult to implement here.

Vehicles that are waiting on tracks to make left turns
often cause delays. These delays accumulate as the car
travels from its outer terminals toward the subway. In

i
!
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Figure 3. Arrangement of the Muni Rail Center.
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oi'der to minimize interference by automotive vehicles
with Muni Metro operations, the Board of Supervisors
enacted no~left-turn legislation.

STORAGE AND MAINTENANCE

The new Muni Meiro Rail Center is now under construc-
tion. This will be the storage and maintenance facility
for the 100 new LRVs. I is located across the street
from the Geneva Car Barn (constructed in 1902), where
the fleet of PCC streetcars is stored. This location
was selected because all trackage to the location had
previously been installed. -

Land in San Francisco is extremely precious; almost
700 000 people are squeezed into leas than 117 km® (45
miles?)., There was no site that would meet all the re-
quirements of the LRV fleet, It was therefore decided
to use the 2.6-hm® (6,5-acre) parcel on which an existing

bus division and old streetear repair shops were located,

It was necessary to provide maintenance and storage
facilities for 100 LRVs, a terminal for two lines adja-
ceni to the BART Balboa Park Station, and a future
Muni office building on this 2.6~hm® parcel. The task
was assigned to the International Engineering Company
of San Francisco, which worked in association with the
architectural firm of Hellmuth, Obata, and Kassabaum,
Various arrangements were studied; the solution finally
approved is shown in Figure 3. One key feature of the
arrangement is that it provides for movement predom-
inantly in one direction, counterclockwise. Only two
movements, exiting from the heavy repair area and
exiting from the paint shop, require backing up,

A revenue-service loop completely encircles the site.
The K and M lines will both terminate at a platform ad-
jacent to the BART station. When BART was designing
this station, Muni requested an access point for direct
transfer. This was provided in the form of an opening
in the station wall that is closed by a sliding grille,
This transfer arrangement will be very beneficial to the
20 000 students at San Francisco State University, which
ig predominantly a commuter campus. Students from

throughout the BART service area in the three counties
on both sides of San Francisco Bay can travel on BART
to this station and transfer to Muni. (Patrons who use -
Muni lines that feed the BART stations receive a 50 per-
cent fare discount.} The M Line passes directly by the
eastern edge of the campus. Ancther large traffic gen-
erator for Muni on the M Line will be the huge Park-
merced apartment complex that is immediately south of
the campus.

The cars entering or leaving revenue service do so
from the revenue-service logp. Cars of the J, L, or N
lines pull out of the storage tracks, travel onto the ser-
vice loop, enter Ocean Avenue, and then proceed to their
terminals. Cars of the K and M lines continue around
the loop to the terminal adjacent to the BART station,
where they stand ready for revenue service, Cars re-
turning from service pull in on the revenue loop and then
are turned out to the ladder track.

After entering the rail center, cars proceed o one
of the two service lines inside the building where there
are stations for fare removal, sanding, washing, and
cleaning. There is a car wash on only one service track
since it is proposed that cars will be washed on alternate
days. After they have been serviced, the cars emerge
from the service line and either proceed to one of the
running repair tracks or move onto the storage tracks.

There are four running repair tracks and associated
pits and maintenance equipment. Diagnostic equipment
and operations simulation test gear are used on these
tracks. The last bay in the building contains the wheel-~
trueing machine; it can also be used as pit space. The
heavy maintenance repair facilities consist of two tracks
capable of handling four cars. Two cars are handled
over pits and two car positions permit the raising of the
car, by means of hydraulic jacking systems at lifting
points, for truck removal. Truck repair areas are ad-
jacent to this location. In addition, a truck drop table
is provided on one of the running repair pits for unit
replacement.

A complete machine shop for mechanical and electri-~
cal work is provided, as are a completely equipped elec~
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tronic shop and paint shop, which is close by the body
repair shop in order to give the crews in these two op-
erations the necessary close liaison. The storage yard
consists of 14 parallel tracks and is to be paved through-
out. An extensive drainage system is included. The
electrical overhead system is supported by steel poles.
One unique feature is that the yard was 1aid out in
such a way that, when a market develops for the use of .
air rvights, this will be feagible. The tracks were laid

out in pairs, which will permit the installation of column-

footings for whatever structure might be built above.
This would be an excellent source of revenue for Muni,
and the structure would provide a '"free' roof over the
yard,

POWER SUPPLY

Of course, in order to operate the new Muni Metro there

must be an adequate power~supply system. Because of
San Francisco's commitment to electrical propulsion,
an extensive electrical supply system exists, although

it is ancient. The existing distribution and trolley over-

head system is a combination of the original Muni sys~ -- -

tem and that inherited from a private company that also
operated in-San Francisco and was acquired in 1944;
most of the system was old then.

San Francisco made the decision to use electrical
propulsion methods for many of its transit vehicles for
two main reasons. One was the availability of low-cost
hydroelectric energy from the Hetch Hetchy Water and
Power System, a city agency under the jurisdiction of
the city's Public Utilities Commission. Hetch Hetchy's
Transit Power Division is responsible for supplying
electrical energy to Muni's electrical vehicles,

The Hetch Hetchy project is located just north of
Yosemite National Park in the Sierra Nevada Mountains
and is the main source of water supply for San Francisco
and many cities in the south Bay Area. Hydroelectric
power facilities were developed in conjunction with the
water supply system., There are three powerhouses
with a total generating capacity of 300 MW. In a normal
year, only 30 percent of the output of these plants is
used for all of San Francisco's municipal needs, includ-
ing Muni., Under these circumstances, Muni bas an
assured, low-cost supply of power., Hetch Hetchy sup-
plies electrical energy to Muni at rates 45 percent lower
than those charged by the local investor-owned utility
that serves San Francisco,

The second reason for the commitment to electrical
propulsion was that it is a quiet and pollution-free
method, Furthermore, all the energy used is hydro-
electric and aids in conserving our nation's resources.
Muni operates 345 electric trolley coaches in addition
to the streetcars, which will be replaced by LRVS.

The entire electrical distribution system and its net-
work of substations is being replaced. All feeder cables
are being placed underground, and the substations are
being changed from old rotary converters to modern
solid-state rectifier units to supply the required 600~V
direct current, The number of substations is being in-
creased from 19 to 25, It is to be noted that the distri-
bution network supplies power to Muni and the many
electric trolley coach lines,

All the electrical system improvements are being
provided under a $50 million program, the major por-
tion of which is covered by an UMTA grant. The pro-
gram includes, in addition to those elements previously
described, the electrification of the new subway. This
consists of the installation of substation equipment,
feeder cables, and trolley-wire overhead.

The entire trolley-wire overhead for surface opera-
tions is being converted to permit use of both the panto-

graph of the LRV and the trolley shoe of the present.. ..
streetears. - This is necessary because there will be a
period during which a mix of PCC streetcars and LRVs
will be operating. We plan to convert one line at a time
after the delivery of the LRVs has begun. Full Muni
Metro service will be in operation after the conversion
of the five lines.

PROPOSED EXTENSIONS

" 'There are several planned extensions to the Muni Metro

system. One is the extension of the M Line from its

- present terminal at Plymouth and Broad streets 1,44

km (0.9 mile) to the Muni terminal at the BART Balboa
Park Station. As noted above, this would permit cars -
of the M Line to enter revenue service at the new ter--

minal aiter leaving the rajl center. Another extension - =

is that of the K Line from its present terminal at the
Phelan Loop to the same Muni terminal at the BART - .
Balboa Park Station. Cars of the K Line will then also
be able to enter revenue service immediately after leav-
ing the rail center. .

Under the current arrangement, all cars of the N and

J lines must follow long deadhead routes from the storage

facility to their terminals. N cars, especially, travel
a long distance before beginning revenue service. When

the Muni Metro service commences, these cars will have -

to travel all the way to the Embarcadero Station and then
proceed to their ouler terminals to begin revenue ser-
vice, It is therefore proposed to construct a 3.4-km
(2.1-mile) surface track connection from the rail center
to the present J-Line terminal at 30th and Chureh - -
streets. The new trackage would become an extension.
of the J Line and be used for revenue service. J-Line
cars would then also be able to immediately enter rev-
enue gervice. N-Line cars would use the new trackage
and the J-Line tracks to proceed to their outer terminal.
This would be a considerably shorter run than the long,
circuitous route described previously.

The new trackage would provide total system flexibil-
ity since all routes would be interconnected, An ancil-
lary benefit of this surface track connection would be its
availability as an alternate route in the event of some
catastrophe (such as a cave-in) in the 60-year-old Twin
Peaks Tumnel. Af present, loss of this tunnel would put
all lines out of service. The proposed track connection
would permit some operation of a truncated system.

The final extension proposed is short but very impor-
tant. It would extend the Muni-level tracks east of the
Embarcadero station to a loop track at the end of Market
Street. At the present, Muni will use a double cross-
over west of the Embarcaderc Station, a stub terminal
arrangement. Muni asked for a turnaround, but BART
stated that it could only afford the crossover. The new
facility would be entirely underground.

The minimum headway possible with the double cross-
over is 2% min during the peak hours. In order to reach
the maximum subway capacity, a minimum headway of
1% min must be achieved., After the loop-track facility
has been completed, the double crossover will be available
on standby for emergency use in the event that the loop
track should become inoperative.

GENERAL

There were several key decisions that contributed im-
measurably to the success of our program, including the
purchase of common items that would be needed through-
out the program. We were able to take advantage of the
savings entailed in quantity purchases and eliminated de-
lays in procurement by contractors working on the vari-
ous construction and installation contracts. Bids were

e e




solicited for the following items, which were then stored
in city facilities and provided to contractors as city-
furnished materials or equipment:

1. Girder and tee rails and accessories—3.8 Gg
{8000 tons),

2, Timber ties—57 000,

3. Feeder cables—427 km (1 400 000 ft), and
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4. Rectiﬁer units for 25 substations. '

The first LRVs for Muni are currently scheduled to:-
be delivered to San Francisco beginning in June 1978 at
a delivery rate of approximately 10 units/month. Muni
Metro service will be inaugurated in late 1978 and com-
plete service is anticipated by summer 1979,

Edmonton s Northeast nght -Rail Rapld

Transit Line

D. L. MacDonald Rapid Transit Project, Edmonton, Alberta
J. J. Bakker, Department of Civil Engineering, University of Alberia

Edmonton’s light-rail transit {LLRT) line has a total length of 7.2 km, 1.6
km of which is in subway. The line goes from the central business dis-
trict [CBD) to the northeast sector of the city and uses the Canadian Na:
tional Railways right-of-way. The project was approved at $65 million
mﬁﬁﬁﬁrfbgfow estimates as well as ahead of schedule. The LRT
line is the result of a balanced transportation plan that was finally
adopted in 1974 to serve a city of nearly 500 000, The subway potrtion
has two underground stations with full mezzanine floors, The mezza-
ning floors are part of an overall pedestrian system and connect with the
basements of adjacent buildings. The subway was built to accommodate
the largest standard subway car. The equipment specifications for the
14 articulated cars were based on performance and proven reliability.
The construction methods used caused a minimum of interference in the
CBD. Since relatively small portions were let successively, local contrac-
tors were able to use proven technigues to handle the work on a fixed-
price basis. Despite the severe inflation of 1975 and 1976, costs were
kept within reasonable limits. The proposad service will provide 5-min
headways in the peak hour, giving a capacity of 5000 passengers/h. At
midday the headway will be 10 min. The LRT line will be fully inte-
grated with the bus transit system, and timed transfers will be provided
between bus and rail. The LRT line in Edmonton makes use of available
opportunities and provides the least expensive solution to the transpor-
tation problems of the northeast sector and its rapid residential develop-
ment.

In September 1974 the city of Edmonton turned the first
sodona 7.2 -km light-rail transit (LRT) line to serve the
northeast sector of the city; inauguration of the service
was scheduled for spring 1978, Extensions to this line
and the construction of other lines are in the planning
stages,

The LRT line under construction consists of a 1.6-
km length of subway in the central business district
(CBD) that has two underground stations and a 5.6-km
surface section, which is contained within a Canadian
National Railways (CNR) right-of-way, that has three
surface stations. The line will use 14 articulated cars
and will provide a peak single-direction capacity of
5000 passengers/h. The LRT line will be fully inte-
grated with the Edmonton Transit surface bus system,
which currently operates 590 buses that carry 57.1
million passengers annually, using the timed-transfer
concept. The capilal cost of this project is estimated
at $65 million;at the present time approximately 99 per-
cent of this project has been contracted, committed, or
completed.

PLANNING .

Edmonton has grown rapidly since World War II from a
populationof 160 000 in 1951 to 451 000 in 1976.- The CBD .
has seen intensive high-rise development, while at the
same time extensive residential development has oc-
curred on the periphery. Older developed communities
throughout the city are normally well maintained or re-
developed by private enterprise. City planning has a
very active role in Edmonton and is constantly involved
in forecasting studies, preparation and assessment of .
plans (at district and subdivision levels), and adminis-
tration of zoning and development controls. The city's
departmental organization provides that all municipal
functions, such as engineering, utilities (the city owns
its own electricity, telephone, and water utilities), traf-
fic, and parks, work closely with the City Planning De-
pavtment, .

These developments in Edmonton have had a major -
impact on the transportation facilities and systems.
Several major transportation studies have been conducted
since 1960 and have recommended solutions ranging from
a freeway network to a full rail rapid transit system, but
these plans could not be implemented because of a lack
of funds and difficulties in establishing rights-of-way.
These studies and the general situation were reviewed
in 1968, and a revised, more balanced approach was
recominended that put greater emphasis on developing
the arterial roadway system and improving the transit
system to handle more of the peak loadings. Certain
LRT routes were recommended for detailed investigation
in corridors where there appeared to be available sepa-
rate rights~of~way.

As a consequence of this review and subsequent public
hearings in November 1972, a general transportation
plan was finally adopted by the City Council on July 15,
1974, 1In the analysis of solutions for the transportation
problems of the northeast sector, several alternatives
were considered. Because it is limited by the river and
the railway line, the existing road network was operating
at capacity in the morning and evening peak hours.

While the situation existing in 1974 was just tolerable,
the new areas being developed in the northeast would
overload the roadway system. The options considered
were therefore the following.

1. A northeast freeway option: The transit compo-
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nent would require 70 buses in the peak hours, including
express services for the corridor. The impact of the
freeway option would be severe on several neighbor-
hoods, Land acquisition costs would be.substantial, Be-
cause of the attractiveness of the roadway system,: the
transit patronage was expected to be half that of any of -
the public-transportation-oriented alternatives. S

2, An all-bus option that would use 150 buses in the
peak hours, including express services through the
central area of Edmonton: The large number of buses
" would be expected to handle the majority of the growth
in passenger peak traffic from the new northeast devel-
opment area, but the buses would compete for limited
roadway space and produce additional congestion, Al-
lowances for bus priority methods would make it pos-
sible to maintain at least 1974 bus speeds.

3. An integrated bus and LRT cption: This would
use 75 buses in the peak hours, mainly as feeders and .
cross-city services, and 14 LRT cars on the Northeast
Line. The LRT line would operate as an integral part
of the transit network (only the hardware would he dif-
ferent), The same flat fare, with free transfer between
routes and monthly passes, would be applicable.

In comparing the three alternatives, the capital and
operating costs could be estimated and assigned, but the
revenue allocations were somewhat arbitrary, The cost
estimates were related strictly to the eity's budget and
did not include savings in time or other such factors
sometimes included in economic analyses.

The justification for the project was based on the ef-
fect that the various alternates, which would provide
approximately similar service, would have on the city
budget, Edmonton did not have rail transit operating
costs available, so Toronto's operating costs were used
in the original estimates.

The initial calculations in 1973 allowed for a 6 percent
annug] inflation in labor costs and a 4 percent inflation
in construction costs, The annual cost impact was then
calculated for 1978 (the earliest year any of these alter-
natives might be implemented). In estimating revenues
for the all-bus system it was assumed that fares and
passengers would continue to increase; maintaining a
constant deficit. In 1973 the budget impact (in terms
of net annual cost to the eity) was calculated and yielded
the following results for 1978, allowing for inflation:

Net Cost

to City
Option {$000 000)
Freeway 6.2
All-bus system 2.0
Integrated bus-rail system 1.5

By March 1974, it was clear that the caiculations
should be reviewed. Inflation was far more severe than
expected, ridership had increased more than originally
anticipated (but not enough to offset inflation), and fares
had remained constant. The 1974 recalculation showed
the following resulis: "

Net Cost

to City '
Option {$000 000}
Freeway 9.7
All-bus system 5.4
Integrated bus-rail system 3.7

After 1974 the freeway option was not recalculated,
but the provincial government made available capital and
operating grants for transit; this made a substantial dif-
ference in the annual budget costs to the city. The capi-

tal grants could be applied either to buymg buses or to
construeting rail transit:

Net Cost
. . to City
Option {$000 000)
Freeway . 9.7
All-bus system . ) 1.1
tntegrated bus-rail system 0.2 gain

Every year at budget time, these estimates have been

updated. Estimated costs have been replaced with actual -

costs where possible. The relative attractiveness of the
integrated bus-rdil option has remained the same despite
inflation,

The City Council approved the construction of an LRT
line to serve the northeast section of the city in August:
1973, and a local engineering firm was commissioned
to do preliminary design and estimating work for the
project. Emphasis was placed on keeping the system -
and its functions simple and as inexpensive as practical
from the outset. -By the end of March 1974, this pre-

- liminary work was completed, and the City Council con-

firmed the plans for the line; approved the budget for

the construction of the project, which was then estimated
at $54.7 million; and called for the construction to be
completed by July 1978, subject to obtaining funding as-
sistarice. " The province of Alberta announced in June -~
1974 an urban public transit capital assistance program
to provide $45 million over a 6-year period; the City.
Council allocated these funds to the LRT project. - Due

to severe inflation in 1975 and 1976, the budget had to -
be reviewed in 1976, and the estimated costs were raised
to $65 million,

PRINCIPAL FEATURES
Subway Portion

The LRT line has a 1.6-km subway portion in the CBD
that has two underground stations; see Figure 1. In order
to allow for any future eventualities, the geometric
standards chosen were for the largest standard car then
on the market, the Toronto car. The curve radius used
in the tunnel was 160 m.

The stations are of the conventional subway type they
have a mezzanine floor that runs the full length of the
station above the track and platform level, The mezza-
nine floor is connected with the pedway system that is
being developed in downtown Edmonton. The mezzanine
floor allows for interconnection with the basements of
adjacent buildings. This floor has a clear span of 18.6
km, and space is provided for future commercial develop-
ment,

Just before the point at which the subway surfaces, a
third station shell has been built. The area east of 97
Street is subject to redevelopment, and this station can.
be activated when this redevelopment occurs., Immedi-
ately north of the Churchill Station, a wye-shaped stub
has been built into the cut-and-cover portion of the sub-
way to allow for a possible future extension to the north
or northwest,

Surface Portion

Edmonton has been provided with a wide railway right-of-
way to the northeast that cuts diagonally across the
north-south and east-west grid pattern of roads. The
original rights-of-way of {he Canadian Northern Railway
System and Grand Trunk Pacific Railway were side by
side, leaving at present a space for two tracks and a
platform between them. This space is rented from the

[




Figure 1. Subway portion of downtown
LRT line in Edmonton.
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CNR (a crown corporation formed from the amalgama-
tion of these two railways) for $65 000/year.

The area that is served by the Northeast Line includes
several special major destinations—Clarke Stadium,
the Coliseum, and the Exhibition Grounds. In addition
there is rapidly increasing residential development in
the area. Stations have been located at the crossings
of major arterial streets, thus allowing easy integration
with the surface bus system. All except two of the

crossings will be at grade. The system will be pro-
ected by signals that will be integrated 4Hd mterloeked

with the traffic confral svstem and the railway opera-

ItﬁT‘Tﬁe gignal system 1§ described in more defail
in the paper by O'Brien, Schnablegger, and Teply else~
where in this Report. The two intersections that are
grade separated are at 118 Avenue and Santa Rosa Road,
It will be possible to have grade separations at other
intersections in the future if it becomes necessary and
funding is available,

The basis of operation is that there shall be no in-
terference with the main line of the CNR, The subway
portal lies between the CNR tracks, which provides in
effect a grade separation; a second grade separation has
been constructed at the main east-west CNR line just
south of Belvedere Station.

The one crossing at grade with the CNR is at the rail
transit car shops. The old Cromdale streetcar barns
were located adjacent to the rail transit line, These
barns were recently used only for storage, and the
newer sections are now being refurbished. All equip-
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ment can be stored indoors; the cars will be assembled
and outfitted by Siemens Canada Ltd. in these car shops.
The entry into the yard is only suitable for LRT equip-.
ment and uses a track radius of 26 m, S
The trackage has been designed with a well-graded,
compacted, and drained subgrade, 0.6 m of crushed
rock ballast, number 1 treated ties, and 45-kg rails—:
a high standard designed to reduce maintenance costs.. *
The wheels of the cars have been contoured to the stan~:
dards of the Association of American Railroads, - . &~
In the tunnel there are a few test sections that have '
a rubber mat placed below the ballast.: In addition, theé -
ties in the tunnels have been treated with phenol chloride
to avoid the odors of the normal creosote-treated ties.
The use of ballast in tunnels will reduce vibration and. ..
noise, S '

EQUIPMENT S .

The specifications for the equipment stressed the per-
formance required rather than details of the car fea-
tures, The primary aim was to use the production and:
designs developed for other customers in order to hold-
costs to a minimum, since the specific requirements
for Edmonton were few. The second aim was to select :
a simple, proven vehicle. The Frankfurt U2 car was
selected from the proposals received, since it provided
the capacity required at the least cost and had 7% years of
experience and operation behind it; see Figure 2. Some
relatively minor modifications were required. to suit
Edmeonton's condifions, including extra heating, double
windows, and a continuous-level floor for high-platform
loading. It is possible to convert the cars to high- and
low-level loading if that'is required in the future,

The cars will be finally assembled locally; the local
input will consist primarily of the wiring and assembly
of the control panels. The installation of carpeting and
the fabrication and installation of seating will also be
done locally. The Edmontor model is now designated
RTE 1. Fourteen articulated cars were ordered from
the manufacturers, Siemens Canada and Diiwag: the cars
will provide a peak-hour capacity of 5000 passengers in
one direction,

CONSTRUCTION

The Central Station, which will be the downtown termi-
nal, is located on the busiest east-west avenue (Jasper
Avenue) at the intersection of the busiest north-sguth
street (101 Street), The year before subway construc-
tion was begun, the sewer and water utilities were
placed under the sidewalk into two separate oval-shaped
tunnels (1.8 m by 1.2 m).

The construction method had to cause a minimum
amount of interference and disruption. The station is
18,6 m wide, 213 m long, and 15.2 m deep. The con-
struction method allowed traffic to be restored 4 months
after work began. A more detailed description of the
time-saving method used is worth describing.

Holes for tangent piles 1.1 m in diameter were bored
down through the soil. Reinforcement cages were then
inserted, and concrete was poured. Every fifth pile
came to the surface, while the four intermediate piles
were stopped at the mezzanine level. A longitudinal
excavation was then made along the lines of piles, and
formwork was placed for a reinforced concrete grade
beam. This beam was poured in place. This beam was
1.55 m wide and 2.10 m deep. Interlocking steel sheet
piling was then driven on the property side of the grade
beam down to the mezzanine level, Future access can
therefore easily be provided to the basements of adjacent
buildings by cutting through this sheet piling. The
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Figure 2. Edmonton’s light-raii vehicle, . .:

-

owners of adjacent properties were responsible for any
costs of connecting to the mezzanine floor. S

The street surface was excavated after the sheet
piling was in place. The excavations were dug as deep
as time permitted but, in any event, not deeper than the
mezzanine level,

Precast, presiressed standard highway bridge gird-
ers, which weighed 36 Mg and were 1.5 m wide and 1.8
m deep, were then placed, spanning the 18.6 m between
the two grade beams. The beams were then grouted
together. A waterproofing membrane was then applied.
This was overlaid with 5-em styrofoam insulation to
minimize frost penetration, A lightweight aggregate
concrete surface and a final 13~-cm reinforced concrete
pavement were then poured to the prescribed contour
of the street surface,

After the pavement had been restored, the remainder
of the s0il was taken out by means of a ramp that was
constructed into a side street, Excavation was first
completed to the mezzanine level, and strut beams were
poured on the excavated ground surface using sand as a
trim. The mezzanine floor was then poured over these
beams,

The excavation was then completed below the mezza-
nine level down to the track Ievel, During this process
the integrity of the foundations of adfacent buildings was
protected by means of a temporary system of movable
steel struts to prevent the bottom of the tangent piles
from kicking in. When construction was completed, the
track slab provided this bracing function.

The same method of construction wag used at the
Churchill Station and for the cut-and-cover construction
northeast of City Hall, The remainder of the construc-
tion used open-cut and poured-in-place methods. ‘

During the construction process, steel link fencing
was used to protect the public while maintaining high
visibility for the work in progress. This interesting
feature of downtown life was used by the merchants along
the streets to their advantage in promoting business
during the 4-month closure of Jasper Avenue, In fact,
many merchants enjoyed better -than-normal business
during this period.

Central Station on Jasper Avenue and Churchill Sta-
tion are connected by twin tubes. These tunnels were
mined by means of 2 mechamical mole manufactured by
Lovatt of Toronto, The contractor for this portion was
the city's own sewer department, which has extensive
experience in the tunneling of trunk sewers in Edmonton.
The twin tunnels, which are 230 m and 220 m long, curve
between the two stations and go underneath several ex-
isting structures. One building, the Plaga Hotel, wasg
approved for construction when the LRT project was
still in its early planning stage. Its foundation piles
were therefore so placed that the two tunnels could be
mined without any interference, Two other, oclder
buildings required underpinning, A fourth, a two-story
concrete-block building required no underpinning; the
50il removal was so well controlled that no wall erack-

ing or other da;mage to the building occurred. R
It should-be noted that the city of Edmonton is blessed -

with excellent soil conditions. The geology is perfect .
for tunneling or for cut-and-cover operations. There .
are no groundwater problems, since the groundwater is
well below the subway grade. As a result of previoug
work done at the University of Alberta, the behavior of -
the till could be Predicted with accuracy. The settlemént
above the tunnel was very small indeed (less than 1 em),

CONSTRUCTION STRATEGY

The strategy selected for contracting wasone inwhich the
work was tendered in relatively small portions (approxi-
mately $1.5million to $4 milijon each). Thedesigns pre-
pared used proven techniques and methods known to loca]
contractors. Designs of subsequent portions of the proj-

ect have taken advantage of the experience with previons.

contracts, Alternate designs have been prepared for

many of the sections, ‘and contractors have been en- :
couraged to bid on their own alternatives as well. This
approach has enabled a larger number of local contrac-
tors to undertake these jobs. : . :

At the same time, these smaller portions could be
let at a fixed pride, since a contractor could see sub-
stantial completion of his work within a year's time, ~ .
Prompt payment on Progress payments has enabled con-
tractors to keep interest costs low, By removing. many
of the uncertainties with respect to inflation of costs ang
making quick payment o construction expenditures, '
prices could be kept relatively low. In fact, the fixed
prices then played a major role in maintaining a fast -
pace of construction, since inflation created the bonus
or penalty to the contractor,

The project management team was kept small; the
maximum staff was 11 persons including secretaries,
When contracts got under way, the staff's prime function
was to ensure efficient coordination with other contracis
and agencies and to minimize delays or obstructions to
the contractors in the performance of their jobs., 1n the
management of the project there has been an efficient
and close liaison between the owners, coniractors, and
consultants, ' '

COSTS

The overall costs were approved at $65 028 943, $45
million of which is being provided by the province of
Alberta at the rate of 7.5 million/year (1974 to 1979
Inclusive). The balance is obtained from debenture
borrowing by the city of Edmonton, The debenture wil]
be repaid from the revemes of Edmonton Transit,

The original cost estimate in March 1974 was $54.7
million. This estimate included expected inflation of 12 -
percent/year during the eonstruction period. Unforty-
nately the inflation in construction prices in 1975-197¢
was greater than anticipated. In addition, the original
estimate for equipment was based on Torento's latest
bid, which was $3 220 000, Allowing for inflation at 12
percent for 2%, years, the financing estimate wag
$4 402 700, but the actual bid was $7 745 000. Another
unexpected cost was a3 $4 million increase in CNR's os-
timate for relocating their signal cables and tracks
where required,.

At the present time, all but $380 000 of the work has
been coniracted or completed, and it is estimated that
the cost to complete the broject will be about $100 0G0
below the approved budget of $65 million,

Delivery of the cars started in April 1977, Testing
of the equipment and variocus systems is now being car-
ried out. Revenue service ig scheduled to begin in
February 1978, about 8 months ahead of the date origi~
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nally set in Mavch 1974, - Considerations of time and
money in a period of inflation encourage this kind of -
speedup, :

OPERATIONS

The control system consists of a simple wayside block
signal system. All red-light conditions will be enforced
By magnetic inductive trip stops to provide maxinmim -
safety, . Restrictive speeds of 30 km/h have been estab-,
lished in the subway curves, at the ends of the line, and-
at the approaches to all at-grade crossings. The re-
strictive speed zones are enforced by timed signal
changes from red to green and the associated trip stops,
To facilitate traffic and train movements at the at-
"grade crossings, a special traffic-control system is
being implemented that links and coordinates the LRT
train-crossing signals with adjacent road intersection
traffic signals.

_min headways at midday for one-car trains,

2T

The proposed service will provide 5-min headways.-
in the peak hours for trains of two or three cars and 10-5
The bus
route system will be reorga.nlzed in'the northeast sector' :
to provide timed transfers between bus and rail.” - 3’

The average speed of operation will be 30 km/h; the
maximum scheduled speed will be 50 km/h. - At midday.
three trains will be running; in the peak hours there w111
be six. . . -

CONCLUSIONS

In 1974 Edmonton was faced with a rapid residential de-:
velopment in its northeast sector. After a ‘carveful anal-
ysis of the opportunities available, the least cost solu-
tion to the transportation problem was.found to be an
LRT line that used the CNR right-of-way. For the par-:
ticular conditions in Edmonton, the LRT solution was
able to be implemented within the budget of $65 million,

Calgeiry’s Light-Rai.l Transit System

W. C. Kuytand J. D. Hemstock, Transportation Depariment, City of Calgary

This paper describes some of the background to the development of the
South Corridor lght-rail transit (LRT) line in Calgary. Characteristics of
the city, the corrider, and the existing transit system are also presented,
The results of a recent study undertaken to determine the type and tim-
ing of transit improvements are briefly summarized. Alternatives studied
in detail included LRT, busways, and exclusive bus lanes; L.LRT was se-
lected and implementation has begun. Finally, the paper describes the
vehicles and route chosen.

This report describes the light-rail transit (LRT) sys-

tem that has been approved for construction in the city

of Calgary. The urban context, the evaluation process,
the vehicle type, and the alignment are described.

BACKGROUND

Planning for rapid transit began in 1966 with a series
of studies carried out by Simpson and Curtin Ltd. Pre-
liminary plans for an extensive network of rapid transit
lines were developed, Two of the high-priority corri-
dors were approved in principle by the City Council,
This allowed protection of the right-of-way and acquisi-
tion of more than 25 hm?® of the required land.

Since this study was completed, several gignificant
changes have occurred. The population has grown more
slowly than was expected; the population density is lower
than was anticipated; the growth patterns have shifted;
many proposed roadways have not been, and probably
will not be, constructed; and construction costs have in-
creased dramatically, These changes have made in-
adequate certain aspects of the system originally pro-
posed. In particular, the capital cost of the proposed
32-km grade-separated network would now cost several
hundred million dollars, which is clearly unrealistic
for a city the size of Calgary.

The prime function of a report published in 1973 (1)
was to develop a policy combining and coordinating
transportation improvements. A road construction pro-
gram on a much smaller scale than previous plans was
proposed., A number of interim transit improvements

were recommended, including an extended express bus
system, installation and expansion of the dial-a~bus -
system, expanded bus-shelter installations, and installa-
tion of several traffic-control measures for the priority
treatment of buses. Progress is being made in each
phase of the program, and an increase in ridership has
been observed.

In 1975, the city of Calgary undertook two studies to
examine the need for and to plan major transportation
facilities. The reports (2, 3) described the need for
rapid transit in the South Corridor and the staging of
transit and roadway improvements, - The City Couneil -
approved these reports in principle and directed the ad-
ministration to proceed with functional planning and pre-
liminary engineering for an LRT line in south Calgary,

Subsequent consideration, including consultation with
officials of the government of the province of Alberta,
led to the decision to commission a major, independent
review of these and prior transportation studies to verify
the appropriateness and costs of LRT in the South Cor-
ridor. This review was carried out by consultants, and
the results were presented to the City Council in May
1977, The report essentially endorsed LRT and the
council directed that detailed design and construction
should start as soon as financing could be arranged.
These arrangements were completed in July 1977, and
implementation started on July 25, 1977, with the pur-
chase of 27 light-rail vehicles (LRVs).

The City

In 1976, Calgary's population was 470 000, and the labor
force was 207 500. The population is expected to reach
618 000 in 1986 and 778 000 in 1996, About 58 000
people, or 30 percent of the work force, are employed
in the downtown area. There has typically been low-
dengity development with a distinet separation between
residential and employment areas. Despite the low
density, development is contiguous, and there is little
urban development beyond the city limits,
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LRT alignment selected for Calgary.

Figure 1.
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The Corridor

The first leg of the LRT system extends 16 to the
south of the downtown area. Gross residential density
is about 2000 persons/km®. Single-family homes make
up 70 percent of the dwelling units in the suburbs, Re-
cently, higher density development has increased, and
substantial opportunities for further development still
exist,

A large industrial area lies to the east of the pro-
posed line, as shown in Figure 1. In addition, fwo
major shopping centers lie within 500 m of an LRT -
station,

Bxisting Transit Ridership

Bervice is provided by line-haul and feeder buses on
fixed routes, express buses in the peak hours, all-day.
express service in major corridors, park-and-ride
facilities, and a small dial-a-bus service, The existing
bus fleet carries a significant portion of total trips, but
it is less than the share carried by transit in some other
Canadian cities of similar size, The system, which
uses 410 diesel buses, carried 41 000 000 passengers
in 1976. Ridership is currently 87 trips/person/year,
an inerease of 20 percent since 1971, In the prevailing
direction at the peak hour, transit had about a 20 per-
cent share of riders at a sereenline 8 km south of the
downtown area and a 35 percent share in the downtown
area. Peak-hour transit demand in the corridor was
2600 persons/h in the peak direction in 1976 and is
projected to increase to 4200 persons/h in the peak di-
rection by 1982,

ALTERNATIVES ANALYSIS
The South Corridor could be expected to show a major

deficiency in transportation capacity over the next two
decades, This deficiency could be resolved by con-

structing certain road improvements and providing higher
capacity transit service. Studies indicate thatin the
long term it will be impossible to accommodate travel
demand by means of the road improvements that are
politically and financially feasible. There are, however,
several options,

Improvements to transit could either precede or fol-
low road construction. If transit preceded road con-
struction, several projects could be deferred for a sub-=
stantial length of time. If the road improvements were.

‘staged first, however, transit improvements could be

delayed only until the early 1990s. Potential savings,
both financial and environmental, are therefore achiev-"
able only if transit precedes road construction. The
effectiveness of this strategy depends on the extent fo
which transit increases its share of the market. This,
of course, depends on the level of service and capacuty;
offered and on the time of implementation. :

Transit Alternatives

Three candidate solutions—exclusive bus lanes, LRT,
and busways—were examined in detail. Previous work
had demonstrated that other systems—heavy-rail tran-
sit (HRT) and personal rapid transit (PRT)—were not
feasible. HRT systems were excluded because of the
high capital cost. An extensive rail system on a com- .
pletely protected right-of-way would exhaust the eity's
capacity to support debt repayment. Because of the

- particular characteristics of Calgary's LRT corridors,

’__,_—_._

there is relatively little interference with other surfa.ce
traffic; the benefits of complete grade separation are
therefore small. Further, it was felt that the geometric
requirements for HRT and the need for complete separa-
tion would pose unnecessary restrictions on construc-
tion staging, PRT was discarded after consideration of
recent setbacks in its development, It was apparent that
reliability would not be good and that development and
construction costs would be foo great to be borne by the
city.

Comparative analyses of the three candidate modes
assumed that all would operate over a 13-km surface
route from the south side into the downtown area. The -
bus-lane system was assumed to occupy the curb lanes
of Macleod Trail between Anderson Road and downtown.
No stations, other than widened sidewalks with bus
shelters, would be constructed. The LRT system would
follow the alignment shown in Figure 1. The selected
route was almost 13 lgn. Seven percent of the line would
be underground and the rest at grade. Five structures

would be buill to separate cross traffic, and there would
be aBout nine grade crossings outside of the downtown.
arei.” Twelve stalions, apaced about 1200 m apart,
wollld be constructed, The average vehicle speed would be
about 32 km/h including make-up and layover time. The
system is described more fully below. Minor deviations
from this alignment were assumed for the busway in
order to minimize the length of the busway that would be
underground. All three systems would operate at grade
through the downtown area on an exclusive transit mall.

Traffic Impact

A system of exclusive bus lanes would have the greatest
impact on traffic because it would sharply reduce the
capacity of roadways that already experience significant
congestion. The interference with right-turning traffic
{assuming curb lanes were used), local access, and
cross traffic would make it impossible to achieve high
speeds or reliable scheduling. The number of buses re-
quired would exceed the capacity (estimated at 300
buses/h in both directions) of the main transit corridor

-




through the downtown area. This would necessitate the
use of other streets for some routes, thereby increasing
walking distances and again conflicting with other sur-
face traffic. The busway would avoid most of the con-
flicts outside of the downtown area but would also entail
the problem of congestion and capacity in the downtown
area. LRT would have the least impact on traffic for
several reasons. The headways would be longer, the -
dwell times would be shorter, and the signalling system
could be more readily incorporated into conventional
railway grade-crossing protection.

Flexibility to Increase Capacity

The capacity of the bus lanes and busway alternatives is
limited by the available street space in the downtown
area, as well as by the capacity of the stations along -
the line. Construction of a bus. subway in the downtown
area is impractical because of space limitations and
cost. The LRT system would have greater capacity ini-
tially and could be incorporated into a downtown subway
at some point in the future,

Level of Service

The assessment of level of service was based on a
quantitative measure of travel time and the subjective
assessment of comfort and convenience. The LRT al-
ternative saves 500 000 passenger h/year compared
with the busway and 1 500 000 passenger h/year com-
pared with the bus lane. LRT and busways were felt to
be comparable in terms of comfort since the improved
ride guality and ventilation of the LRT offset the higher
number of seats on the busway., Bus lanes would be less
comfortable but could be more convenient hecause of the
possibility of reducing the number of transfers.

Cost Comparisons

Capital and operating costs were prepared for each al-
ternative; see Table 1. The operating cost estimates
(in 1976 dollars) shown were for 4200 persons/h/direction
and were based on standard 52 -passenger buses or six-
axle articulated LRVs. Bus lanes would be the least
costly, but only because existing road space would be
used, Should these lanes of traffic be replaced, the
total cost of the system would be similar to that of the
busway proposal. Busway and LRT costs were similar,
The cost advantages of the busway are eliminated and
reversed with increasing ridership. Indeed, the busway
would become less economic after about 5 years of op-
eration. It should also be noted that the anmual cost of
the LRT alternative is almost entirely debt repayment,
while the annual cost of the bus alternative contains a
large operating or labor component. LRT therefore
provides some protection against wage-related inflation.

Social and Environmental Impacts

The alternative alignments and transit modes were
evaluated against the following social and environmental
criteria:

1. Visual intrusion-loss of privacy or views of un-
aesthetic features;

2. Open space—physical loss of existing public space
or recreational facilities;

3. Residential—need toacquire existing housing stock;

4. Commercial or industrial—need to acquire exist-
ing commercial or industrial buildings;

5. Heritage buildings—need to acquire potential
historical sites;
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6. Pedestrian connectivity—reduction of pedestrian
movements across the proposed LRT Hne or interference
with pedestrian movements along it;

7. Noise impact—consideration of ambiént noige
readings for adjacent land use, rating increases over '
ambient as minor (0 to 3 dBA), moderate (3 to 5 dBA),
or significant (greater than 5 dBA); and

8. Air pollution—assessment of the effect on air
quality.

Table 2 summarizes the results of this evaluation,
RESULTS OF THE EVALUATION

On the basis of the evaluation summarized above, LRT
was recommended as the most appropriate transit mode.
LRT has less impact on traffic than the bus, and its po-
tential to expand to other corridors and to increase ca-
pacity is greater. Annual costs are slightly higher, but
the city would be protected to some extent from increas-
ing operating costs due to inflation, growth, and reduced
productivity. The environmental impact is low for all
alternatives, but LRT is preferable for those alternatives
that would use a new right-of-way (i.e., away from ex-
isting streets), Most importantly, however, it was felt
that the level of service and capacity that could be offered
would be essential in achieving long-term transit ob-
jectives,

Vehicle Selection

The transit line was designed for use by a six-axle -
articulated LRV. The Transportation Department has
purchased 27 Diiwag U2 cars that incorporate the mod-
ifications made for the city of Edmonton. This decision
was taken after consideration of several factors, It is
one of the largest cars available that is suitable for on-
street operation. Since it was ordered by Edmonton,
savings are anticipated in purchase (on the initial and
follow-up orders), parts inventory, maintenance facil-
ities, personnel training, service contracts, and so on.
The car has been proven in revenue service and has a
simple, rugged design, which makes it very attractive
in view of the lack of LRT operating experience in
Calgary and the small seale of operations. A number
of minor changes (greater braking capability, anti-
climbers, and so on) will be required, but none com-
promise the reliability or the design integrity of the car,

LRT Alipnment
The LRT line congists of four distinct sections.
Railway Right-of-Way

The line will be constructed within the existing 32.8-m
right-of-way of the Macleod Subdivision of Canadian
Pacific Ltd. (CP). Railway service, about six trains/d,
will be maintained. In the southern section {that is,
south of Glenmore Trail), the line will occupy 9.5 m of
the railway property. The CP line will not have to be
relocated from its present position in the center of the
right-of-way, Additional land will be required at the
stations and has been obtained outside of the railway
right-of-way. Figures 2 and 3 show typical stations in
this section,

In the northern section, provision has been made to
serve industrial sidings both east and west of the CP
line. This is achieved on the west side by the provision
of a parallel industrial lead, again within the existing
right-of-way. Figure 4 shows this and other typical
cross sections,




-FThe LRT tracks will he grade separated from the
industrial lead and from Forty-Second Avenue, the point
at which the LRT line leaves the rail right-of-way. In
addition, grade separations will be provided at Southland
" Drive, Macleod Trail, ‘and Glenmore Trail.

Raﬂway and LRT _Qpera,tmns will be protected by con-
ventional gates at crossings, by the usual operating
rules, and by a Jordan rail (in cage of derailment). - The
adjacent land use is primarily industrial, so little land-
scaping or buffering has been planned (although this
would be included in adjacent parcels as they develop).
There is existing residential development for about 2
km along one side of the line. Fortunately, there is also
a 20-m strip of land on which some buiffering can be
provided,

Cemetery Hill Section

After the line ledves the railway right-of-way, it will
enter a station and thén follow a public street in a pro-.
tected way for several hundred meters, At Thirty-
Fourth Avenue it will enter a tunnel under Macleod Trail
as it passes between two cemeteries. A subway was
chosen for this section both because the grades would
‘otherwise be excessive and because the available right-
of-way is limited. Cuf-and-cover methods will probably
be used, but no temporary decking will be provided.

Table 1. Comparison of costs for bus-lane, busway, and LRT_
alternatives for Calgary.

) Cost ($0009}

item ) Bus Lanes* Busway’  LRT
Structures 5 280 52 620 53 310
Equipment and vehicles 7380 6 800 22 450
Property and demolition 2 520 12 520 13 420
Utility relocation - 3770 6 870
Engineering and commissioning 790 § 480 9270
Contingency 160 8 922 10 530
Total capifal cost 17 670 90 410 115 850
Annual capital cost : 1820 T 870 10 360
Annual operating cost 3 710, 3 160 1 800
Total annual cost 5 630 11230 12 260

" The capitai cast for bus lznes is significantly Jower than those for the busway and L RT
because the bus-lane ¢osts do not include the replacement of two raad lanes taken from
Macleod Trail for exclusive bus use. To be financially compatible with the alternatives,
the bus-lane casts shouid inciude the addition of a two-lane roadway lor widening of an
existing roadway} in the South Corridor. While this additional cost was not specifically
estimated in this study, its addition to the bus-fane cost would likely bring the total cost
for this cption te a level approximately equal te that of the busway alternative.

b The busway costs shawn in this 1ab{e ara for operation of the busway with standard
buses.

The subway will be 600 m long and will emerge on the
north 31de of the hill, . .

Victoria Park Section

Between Cemetery ‘Hill and downtown the hne will oper-
ate on one side of an arterial roadway Property has
been purchased to widen the existing road right-of-way
by 15 m. Minor cross streets would be closed. F1gure
5 shows a typical cross section, :

Downtown Section

A short subway will take the line under the four-track
CP line that runs through the city. The LRT line would
then emerge and run at grade along Seventh Avenue.

Five stations of the type shown in Figure 6 would be pro-
vided. Important features of the stations are (a) access™
to the intersections at each end of the stations, (b) access
to Calgary's elevated pedestrian walkway system, (c)
use of extensive glazing and curved forms to reduce the
apparent bulk of the station, (d) offset train-loading loca-
tions to distribute passengers over the length of the sta--
tion, and (e) space for turnstiles and accumulation of
passengers, should these be required,

Private vehicles would be excluded from Seventh
Avenue. This route would be turned over fo the LRT
vehicles, buses, and emergency vehicles. The stations
are generally spaced three blocks apart; buses would
thus have an exclusive lane westbound and need only use
the track area for one out of three blocks., They would
not, of course, be allowed to stop for passengers while
they were on the LRT tracks. In the eastbound direc-
tion, an exclusive bus lane would be provided for the
entire length of the downtown area, Buses could drive
over the rails to pass other buses or to make left turns.

The operational problems and potential delays are
recognized, but these are much less costly than subway
construction. It should also be noted that this system

may have a greater capacity, since the subway signalling

system could Jlimit headways to 90 s, while a much

-greater frequency is available under line-of-sight opera-

tion on the surface.

‘Fare Collection

Two options are being considered for fare collection,

The first is the no-barrier system used in Europe. Pas-
sengers would purchase a ticket before boarding the ve-
hicle and would be required to validate that ticket either
in a station or on the car. Inspectors, empowered to
levy stiff penalties, would provide supervision and en-

Table 2. Evaluation of the social and environmental

. Criteria*
impacts of the three alternatives.

Alternative 1 2 3 4 5 8 ki 8

Bus lanes
Downtown =1 00 0 0 -1 -2 -2
Yictoria Park -1 00 0 L] 0 -1 -2
Industrial area -1 040 0 4] 0 0 ]
Residential area® 0 00 0 0 0 0 0

Busway
Downtown -1 g 0 8 buildings 1 building -1 -2 =2
Victoria Park Q + 30 units 3 buildings 2 buildings -1 -1 -2
Industrial area -2 -2 0 0 1 site -1 -1 0
Residential area® ¢ o 0 2 buildings 0 + -2 0

LRT
Downtown -3 00 8 buildings 1 building 0 -1 ¢
Victoria Parlk o + 30 units 3 buildings 2 buildings -1 1} 0
Industrial area -1 0 0 17 buildings 1 site -1 0 0
Residential area® 0 00 2 buildings [ -1 0

Note: + = positive impact, 0 = peutral impact, -1 = mingr negative impact, -2 = moderate negative impact,
~3 = significan? negative impact,

4 Critoria 1to 8 are defined in the text.

b South of Heritago Drivo.
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forcement, Such a system would save hundreds of thou- -

sands of dollars annually in labor and would simplify
the design and operation of the station enormously. The
alternative is to man the stations and provide control.
through barriers and turnstiles. It is proposed that:
Calgary have a free zone in the downtown. Passengers
would need a validated ticket to enter a suburban sta-
tion and would get off at a downtown station at which

no barriers or turnstiles would exist. People could'.
enter the car free in the downtown area but would need
a validated ticket to be allowed to leave an outlying sta-
tion, A decision on the fare-collection system will be

madeafter experimentationon the bus system in Calgary.

Figure 2, Typical suburban station platform,
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Shops and Yards .

The shops and yards will be located on Site at the e%-
treme south end of the line. It is proposed to combine
the facilily with a bus garage. This site would have
sufficient space to accommodate servicing, heavy and -
light maintenance, and cleaning and storage for a fleet of
about 60 LRVs and 200 buses. It isanticipated that econ-
omies of scale willbe realized by the joint use of this site.

Figure 4. Arrangementof ¢ 1 K
LRT line and stations along’
railroad right-of-way.
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SUMMARY

In response to increasing congestion and related trans-
port problems, the city of Calgary has conducted a num-
ber of studies of possible solutions. The most recent .
studies have examined the roles, costs, and impacts of
roadways, exclusive bus lanes, busways, and LRT. It
became apparent that long-term costs (both economic. -
and environmental) could only be minimized by pursuing
alternatives that have a strong transit component. LRT
was chosen after an evaluation of alternatives that were
felt to be appropriate for a medium-sized city like Cal-
gary, Since it provides a high level of service at rea-
sonable cost and substantial flexibility for improvement
and expansion, LRT is the most suitable alternative to
meet the city's objectives.

An alignment was selected in an area that has sub-
gtantial redevelopment potential. The adjacent land use
is such that there is little negative environmental im- .
pact and rights-of-way costs are low, i

A number of at-grade crossings will be permitted in
order to reduce the cost of implementation. Because
relatively few roads cross the alignment, the operating
speed will still be high. The flexibility to construct
further grade separations in the future has been main-,
tained, The designers, taking info account the small
scale of operation and the unhappy experience of some

other recent transit projeets, have developed a techni-
cally unsophisticated solution. Economy, ease of im-
plementation, and simplicity of operation and mainte-
nance have been the cornerstones of the planning phi-. .
losophy. :
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Buffalo’s Light-Rail Rapid Transit

System

Kenneth G. Knight, Metro Construction Division, Niagara Frontier

Transportation Authority, Buffalo

The 1976 agreement in principle by the Urban Mass Transportation Ad-
ministration {UMTA) to participate in the finaneing of Buffalo’s $336
miflion light-rail rapid transit (LRRT} project was the culmination of
almost 10 years of planning by the Niagara Frontier Transportation
Authority and the western New York community for an integrated bus
and rail rapid transit system. At least 5 more years of design develop-
ment and construction tie ahead. This agreement also marked the end of
a lengthy, and often frustrating, alternatives analysis process that helped
to guide UMTA’s development of federal policy on majer urban mass
transit investments. Buffalo will be the first U.S. city to have a com-
pletely new rail transit project that features the advantages of light-rail
technology. This paper describes the LRRT project and reports on the
results of the alternatives analysis process. Comparative cost-effectiveness
statistics for various transit alternatives are included in the paper, The
cutrent phase of project development {general architecture and engineer-
ing) is described, and a schedule is given for the completion of the system.

June 10, 1976, was a very sighificant day for Buffalo.
On that day, former U.S. Secretary of Transporiation
William T. Coleman, Jr., and former Urban Mass
Transportation Administration (UMTA) Administrator
Robert E, Patricelli committed UMTA in principle to
participate in the financing of construction and imple-
mentation of a 10.3-km (6.4~-mile) light-rail rapid tran-
sit (LRRT) system in Buffalo. This culminated almost
10 years of planning and design effort by the Niagara
Frontier Transportation Authority (NFTA), local govern-
mental agencies, and the Buffalo community, bringing
the dream of improved public transportation for the area

to fruition. Five movre years of effort lie ahead but,
with the assurance of federal financing for the project,
the job can be tackled with much more enthusiasm.

LRRT is the term given by the NFTA staff fo the 10.3-
km rail component of an improved public transportation
system for the NFTA area. It ig a compromise solution
derived from the analysis of rail alternatives studied for
the system. LRRT combines the best features of both
the heavy-rail transit (HRT) and light-rail transit (LRT)
alternatives, Iis annual operating and maintenance costs
are minimized by eliminating on~board fare collection
and using high-platform loading of vehicles, Maximum
alignment flexibility is maintained in order to operate,
wherever practical, at grade. Full system service can
be provided for the nonambulatory handicapped.

The LRRT system was recommended by NFTA since
it is cheaper to construct than HRT and can be operated
more economically than LRT, while retaining most of
that mode's flexibility. This is particularly true as the
extended system alternatives are compared, The 10.3-
km line is the initial portion of an approximately 27-km
(17~mile) rail system that will eventually serve Buffalo,
Amherst, and the Tonawandas with direct rail service.
The initial nelwork of integrated bus and rail service is
shown in Figure 1. Future extensions to both Amherst
(B) and the Tonawandas (C+E) are also shown. Figure 2
depicts the construction methods and stations of the sys-
tem, Figure 3 provides a profile of this line.




Some basic facts about the metro system in the ser-
vice corridor are presented below (1 km = 0.6 mile).

Category . Rail Bus
Routes
Number n : 1 58
Length, km 103 - 500
- Vehicles 47 518
Daily revenue service
Vehicle kilorneters : 10 000 65 100
Hours ) 314 3 650
Avyg operating speed, km/h 36.5 18
Avg transit trip, km 5.2 4.0
Annual passenger kilometers {000s} 141 312 200400

The route will rununderground for 8.4 km (5.2 miles)
and at grade for 1.9 km (1.2 miles); & of the 14 passen-
ger stations will be underground, and 6 will be at grade.
It is expected that in 1995 the system's daily patronage
will be 92 000 by rail or a combination of rail and bus
and another 92 000 by bus only; the annual patronage for
the corridor will be 55 200 000. The rail system's peak
load will be 7000 passengers in one direction, The

Figure 1. The initial Buffalo bus and rail network.
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modal split for person trips in 1995 is expected to be 13
percent for transit and 87 percent for automobile. The
projected cost estimates for the LRRT project are as
follows. S :

ltem - Cost {3000}
Line and station construction 199063
Systems 47718
Rolling stock 31208
Total construction 277 979
Rights-of-way 6 150 -
Design, construction management, o
insurance, contingencies 52121
Total project 336 250

ALTERNATIVES ANALYSIS

In 1971, NFTA completed its mass transit study, which
recommended an 18-km (11-mile) HRT system for the
Buffalo-Amherst corridor. However, primarily because
of community opposition to the predominantly aerial
alignment, UMTA requested a restudy-of the project.
During subsequent preliminary design, NFTA dem-
onstrated that it was possible to design a rapid transit

Figure 2, Route and stations of the initial
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system for the corridor that had widespread community
support, something that was lacking in the planned 1971
system. However, because of delays in the construction
schedule for the restudy and the increased cost of plac-
ing 76 percent of the alignment underground rather than
the 40 percent projected in the earlier study, the cost

of the system had risen from $239 million to $476 mil-
lion. At about the time NF'TA was finishing its prelim-
inary design work on the 18-km HRT system, the need
for alternatives analysis was added to the federal re-
quirements for transit funding. In addition, ineremental
implementation received new emphasis because of the
increasing requests of cities across the nation for fund-
-ing assistance and the pressure these requests were
placing on the UMTA budget. As a result, a compre-
hensive alternatives analysis was requested for the Buf-
falo project.

Transit system alternatives for an enlarged Buffalo-
Amherst-Tonawandas corridor were developed featuring
three primary travel modes: all bus, LRT, and HRT.
These syastems were analyzed and evaluated incremen-
tally and as complete systems, A total of 21 alfernatives
was analyzed in all. Each of the allernatives developed
was compared for cost-effectiveness with an improved
bus system and the 18-km HRT system recommended in
1974. The following basic conclusions were reached.

1. The phasing of the 18-km HRT system improved
the cost-effectiveness of the project. Even in the mini-
murn increment systems, both HRT and LRT fulfilled
the criteria of substantially reducing initial project costs
while serving a greater number of riders at lower costs
per ride than any of the other alternatives.

2. The 10.3-km minimum LRT system would have
cost about $23 million less to consiruct than the cor-
responding HRT system. However, because LRT is
more labor intensive than an HRT system and somewhat
slower in operations, the annual operating costs would
be higher.

3, The real capital cost advantages of an LRT sys-
tem became more evident as system extensions were
explored. The LRT concept held a distinct capital-cost
advantage over HRT in extended systems. Potentially
lower cost extensions are possible in LRT because of
its flexibility to be used in a variety of urban settings
without the need for completely grade-separated or pri-
vate rights-of-way.

4. In order to combine the advantages of low capital
cost and flexibility of LRT with the low operating-cost
characteristics of HRT, a composite LRRT system was
developed. This system would eliminate on-board fare
collection and substitute in-station fare collection. High-
platform station loading through all car doors simulta-
neously would speed service. When the capital costs of
the three rail systems were compared for the initial
phase of the project, the cost of high platforms and ad-
ditional fare-collection facilities in the six downtown
surface stations was more than offset by the deletion of
one train from the system operating requirements as a
result of faster train speeds.

5. On the basis of total costs, including both capital
and operating costs, the LRRT alternative was more
cost-effective than the other rail alternatives, This held
true not only for the initial 10.3-km increment but for
the extensions as well.

6. The LRRT concept minimized the system’s an-
nual deficit for all of the alignment alternatives studied.
The deficit for operation of alignment A, the initial sys-
tem increment, was only 6 percent higher than the deficit
projected for an improved bus system. The LRRT sys-
tem would carry almost 80 percent more riders per year
in 1995; the cperating deficit per passenter would thus

be almost 40 percent lower than-that forecast for the im=

‘proved bus system, '
7. Extensions to the minimum LRRT system, par-

ticularly in the Amherst corridor, greatly enhanced the

system's financial performance. The costs per passen~
ger carried were reduced, and total system deficits were
reduced or eliminated, so long as costs do not escalate
faster than revenues durmg subsequent years,

8. The surface-running LRRT system would become
the central transportation feature of Buffalo's transit
shopping mall on Main Street for a distance of about 1.6
km (1 mile). Construction of a surface system in the
central business district (CBD) would mitigate many of
the adverse environmental impacts often associated with
cut-and-cover construction in a highly developed down-
town area, Continuation and improvement of surface
public transportation in conjunction with anh automobile--
restricted pedestrian shopping mall could have a signif-
icant positive effect on the downtown shopping district.

9. The LRRT alternative would facilitate access to
the rail system by providing six surface stations in the
CBD rather than the three underground stations pre-
viously planned. This would bring the stations to within
easy walking distance for most CBD employees, Time
lost in slower operating speed on the mall would be more
than made up by more frequent stops adjacent to major
downtown traffic generators. High-level boarding plat-
forms would be used for the LRRT alternative.

10. Construction of the LRRT system could bring
substantial economic benefit to the entire western New
York area. The long-term transportation benefits and
the quantifiable indirect community benefits offset a high
percentage of the system's construction costs.

SYSTEM COSTS

System costs and revenues and cost-effectiveness indi-
cators for the LRRT system are compared with those for
HRT and LRT in Figures 4 and 5 and in Table 1. Data
are presented for the minimum system increment (the
10.3-km alignment A), this increment with the Amherst
extension added (the 18-km aligpnment A+B), and the
future two-branch system serving both Amherst and the
Tonawandas (the 27-km alignment A+B+C+E).

Capital Cost

Figure 4 compares the system capital costs graphically;
the data are supplied in greater detail in Table 1. The
cost savings involved in combining the surface LRT sys-
tem with the planned downtown shopping mall in Buffalo's
CED are retained in the LRRT option. The savings over
the HRT alternative is about $23 million in rail project
costs,

Route alignment, as well as system technology, af-
fects the comparative capital cost estimates for align-
ment A+B. During the last few years, numerous hori-
zontal and vertical alignment alternatives have been in-
vestigated for the Amherst extension {B). The costs and
lengthof the underground system in each vary considerably.
The LRRT alignment assumed in the figure is identical to
that developed in the 1974 preliminary design report for
HRT, which follows Bailey Avenue for the Amherst ex-
tension. On the other hand, the LRT system could follow
another alignment, the Grover Cleveland-Millersport
Highway, that has a wider right-of-way and allows a more
direct route to the State University of New York at Buf-
falo's North Campus and that can incorporate more sur-
face construction. The capital costs would be lower. The
LRRT system retains the flexibility to use either option
or any one of a dozen or so intermediate options, depend-
ing on the outcome of continuing community discussions.




Cost estimates for the LRRT system in the Tonawan-
das corridor (C+E) assume the same surface alignment
followed by the LRT system. Thig involves a tofal of
seven at-grade crossings of streets in the 10-kmi (6-
mile) Tonawandas cérridor, which parallels the existing
Erie Lackawanna Railway Company's freight line, ‘

System Costs pef Passenger

Figure 5 and Table 1 present ddia on system costs per
passenger carried and supporting statistics on operating
costs and revenues, The LRRT system, in each of the
alignments considered, compares quite favorably with
HRT and LRT, on the basis of both operating costs per
passenger carried and total cost per passenger carried
(the total costs combine the annual operating costs per
passenger in 1995 with annualized total costs for the
project), “In Figure 5, a discount rate of 7 percent over
a period of 50 years has been assumed in order to de-.
termine the capital recovery factor for the annualization
of initial system costs. A sinking fund factor has-also
been included to allow for the replacement of rail ve-
hicles every 25 years and buses every 12 years. The

Figure 4. Comparison of system capital costs.
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annual operating costs for the LRRT system are equal -
to or less than the operating costs for the HRT and LRT -
systems. These costs, though not the total costs, are:
" also substantially less than the costs for the improved
bus system. . -~ . - BRI e SR
The cost per passenger carried on the.extended basic
LRT. system serving Amherst (A+B} can be.reduced sub--
stantially -simply by using the. more attractive Bailey .
Avenue alignment. - Obtaining the underground right-of-’
way would involve additional capital costs.. However,
further engineering and.community discussion may de-
velop an LRRT alignment-that has more above-ground. - -
construction (which can be constructed at less cost) yet.
retains a high percentage of the HRT patronage and that -
will still generate the necessary public acceptance of the
route,  The flexibility to take advantage of this opportu-
nity is retained by the LRRT system. As in Figure 4,
the LRRT alignment assumed in Figure 5 follows the
HRT underground alignment on Bailey Avenue and the
subsequent aerial alignment to the North Campus of-the

Figure 5, Comharison of 1995 systérh costs per' passeﬁggr;
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Table 1. Comparison of 1295 system costs and revenues per passenger.
1985 Operating Operating
1985 Operating and Annual System Total Operating Cost per Cost per
1995 Annual Patronage {000s) Maintenance Costs Bus and 1995 Qperating Annualized Deficit Passenger Passenger
{$000 000s) Rail Operating Cost per Cost per per - (#) Kilometer (#)
Rail Rail and Bus and - Revenue Deficit Passenger  Passecnger  Passenger
Alternalive and Bus Rail/Bug  Rail/Bus  Rail  DBus Tatal ($000 000s)  {$000 0COs)  (#) {#) {¢) Rail Bus Rail Bus
TImproved
all-bus 30 900 - 30 900 - 149 14,9 1.7 3.2 48 50 10.1 - 48 —_ 11.4
Alinment A
HRT 55 200 27 600 50 100 4,6 16,8 244 21.0 3.4 44 80 6.2 17 39 3.0 2.6
LRRT 55 200 27 600 50 100 4,6 16.8 244 21.0 3.4 44 78 6.2 17 39 3.0 9.8
LRT 55 200 27 600 30 100 5.1 19.8  24.9 21.0 3.9 45 79 7.2 18 40 3.6 9.8
Alignment
ArD
HRT §3 600 39 200 51 300 G.1 17,6 236 24.2 9.6 a7 82 0.8 16 34 2.4 10.2
LRRT 63 600 30 200 51 300 6.1 17.5 23.6 24,2 0.6" 31 81 1.0° 15 34 2.4 10,2
LRT 56 700 32 100 45 GO0 6.8 17.4  24.2 215 2.7 43 86 4.8 21 38 3.6 11.4
Allgnment
MBCID
HRT 66 GO0 43 800 52 800 7.4 1.4 25,2 25.3 0.1 38 92 0.2* 17 34 2.4 4.8
LRET (06 200 43 500 52 400 7.2 1.8 25.0 25.2 0,2" 37 10 0.3 17 34 3.0 10,8
LRT 37 800 46 300 7.8 17.5  25.3 22.5 2.8 43 95 4.9 21 38 3.0 2.0

5% 100

Motes: 1 km = 0.6 mile,
Dallar figures shown are 1974 doliars,

“Surplus.
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State University of New York at Buffalo.

System Revenues and Operating Costs

Table 1 compares the system operating costs and pro-
jected revenues for 1995. The data in this table were
derived by using the basic assumption that between now
and 1995 there will be no differential escalation of costs
over fares or revenues. This has not been the case,
particularly in the last few years. Fuel and power
costs, as well as wages and retirement payments and
other fringe benefits, were generally low in the transit
industry prior to public acquisition. These costs have
been escalating rapidly during the Iast decade. Other
assumptions regarding differential escalation for costs
and revemues were made that showed just how sensitive
gystem deficits are to these assumptions.

Using the basic assumption of zero escalation of costs
and revenues for each aliernative allows a comparison
among alternatives. The data presented herewith should
be interpreted in relative terms.  In othér words, an
alternative that shows a surplus of revenue over costs
indicates that this alternative outperforms those that
show a deficit.

Deficits projected for alignment A range from $3.4
million to $3.9 million in 1995. This is not significantly
greater than the $3.2 million deficit forecast for the
improved bus system, in spite of the fact that the rail
systems carry almost 80 percent more passengers. For
each of the extensions, a substantial deficit is forecast -
for the labor-intensive LRT system. For the HRT and
LRRT systems, a surplus is forecast. This is partly
because the alignment used to develop the latter systems
is expected to attract more riders, Table 1 also illus-
trates the desirability of completing the Amherst exten-
sion as soon as funding permits, Whereas operating the
LRRT system over the minimum system involves a def~-
jeit of $3.4 million in 1995, operation of the extended
system (A+B) would generate a surplus of $0.6 million
in the same year.

Ridership is increased by the addition of a rail ele-
ment in the transit system. The longer the rail element,
the greater is the number of riders attracted to the sys-
tem, primarily because of the significantly higher level
of transit service. Both the HRT and LRRT systems,
which use essentially the same horizontal alignment,
attract significantly more riders than the LRT system
in later stages of the project.

The process of alternatives analysis examined a num-
ber of other issues besides cost-effectiveness, including
{a) flexibility for future extensions, (b) sensitivity tests
for projected system revenues and costs, (c) economic
effects of system costs and benefits, and (d) community
and environmental impacts. The bases of UMTA's de-
cision to participate in project funding were reflected
in a letter from former UMTA administrator Patricelli
to NFTA:

1. Buffalo is the nation’s eighth most densely populated central city
and urbanized area;

2. The corridor involved is not well served by readily available street
and freeway capacity, and the community withdrew [nterstate highways
from its regional transportation plan in the late 1960s, partly in anticipa-
tion of rapid transit implementation;

3. Alternative all-bus proposals are not demonstrably more cost-
effective or cost beneficial in the corridor in question;

4. The propased transit system is an integral part of a comprehensive
redevelopment plan aimed at revitalizing the downtown area, to which a
substantial public and private financial commitment has already been
made;

5. The project has evolved through a substantial citizen-participation
process ang has uniform support from civic, business, labor, and political
leaders throughout the area;

6. The written commitment between contractors and construction

unions for the peaceful resolution of any labor disputes without work
stoppages during the construction of this project gives us the advance as-
surance we have been seeking that every effort will be made to avoid
severe cost overruns; ) ) )

7. The proposed light-rail line implements our stated objective to seek
a promising opportunity for a grant to deploy a modern light-rait system;

8. The downtown light-rail transit mall concept, involving an
automobile-restricted area, may help to demonstrate a lower cost tech-
nique for transit implementation in city centers that could have national -
importance; and ’

9. The availability of New York State funds more than adequately as-
sures the local capital share of this project.

GENERAL ARCHITECTURE AND
ENGINEERING

Fcllowing the UMTA commitment in principle to the
LRRT project on June 10, 1976, a capital grant applica-
tion was prepared. A formal public hearing on the re-
quest for $8 million in federal funds and $2 million in .-

‘New York State funds was held August 10. On October

7, 1976, UMTA approved the application, and the project
entered the general architecture and engineering phase

of development. Mr. Patricelli had cutlined several
issues that had to be resolved during this design phase
before an UMTA grant for final engineering and construc-
tion could be made.

1. The former environmental impact assessment, which covered some
of the earlier alternatives examined but has been outdated by the [10.3-
km) 6.4-mile LRRT proposal, must be updated with significant UMTA
participation. A final environmental impact statement {EIS] must then
he prepared and circulated by UMTA hefore a final decision on this proj-
ect can be made.

2. The projected aperating deficits of the entire NFTA rait and bus
system shoufd be examined and evidence provided of a state and locaf
consensus on how they will be met.

3. The federal share of the project will not exceed $269 million. in
accordance with UMTA’s national practice, therefore, a contract will
have to be entered into that will assure the availability of sufficient non-
federal funds to cornplete the project should there be cost overruns.

4. The feasibility of recapturing for transit-financing purposes some
of the increases in real estate values generated as a result of the transit
investment should be explored.

The general architectural and engineering work will
establish the standards and criteria to be used in final
design and construction. Schedules and cost estimates
will be refined and contracts identified that will be
needed to complete the project. Safety and security
during construction and operation of the system will be
a primary consideration as design standards are devel-
oped, as will the effect of such construction and opera-
tion on Buffalo and its environment.

This intermediate phase of project development, be-
tween alternatives analysis and final design, is required
to maintain the schedule by accomplishing as many pre-
liminary tasks as possible while the EIS is being pre-~
pared, circulated, and approved. In September 1976,
UMTA issued its statement of federal policy with respect
to decisions on major urban mass transportation invest-
ments assisted under the Urban Mass Transportation Act
of 1964 as amended. This policy requires that a joint
EIS (in draft form) and alternatives analysis be prepared
and approved before the final EIS on a recommended al-
ternative is prepared and before preliminary design is
begun. These definitive steps will preclude the need for
a general architecture and engineering phase in future
planning in other cities.

Figure 6 illustrates the phasing and organization of
the LRRT project development, The general architecture
and engineering work is being undertaken in two phases
over a period of 18 months. Phase 1 of the overall work
comprises conceptual design, criteria, standards devel-
opment, and other non-site-specific tasks that will

e,
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parallel work on the EIS for the project. This design
period has been estimated to require about 6 months,
Phase 2, which begins when UMTA approves the EIS, -
initiates definitive design and will cover a 12-month
period.

One principal consultant has been engaged for each
of three sections of the line (see Figures 2 and 3}: (a)
surface and transit mall (Memorial Auditorium to Tup-
per Street), (b) eut-and-cover construction (Tupper to
Ferry streets), and (c) tunnel construction (Ferry Street
to the South Campus of the university). These section
designations relate to the type of construction to be used
in éach area. A fourth consultant has been retained for

Figure 6, Phasing and organization
of the LRRT project.
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the development of transit vehicles; electrification, train
control, and other vital engineering systems.

Inaddltmn to the four principal consultants, other sup -
port consultants willbe employed. One consilting team.is -
now working on the EIS. Other contracts havebeenlet for -
‘general soils engineering, subsurface investigations, rid-

ership and operations analysis, and surveysand mappmg
and for the services of a consulting architect.

The $10 million budget approved last October by
UMTA has been apportioned as shown below, Work on
each of the contracts identified is eurrently under way,
or consultants have been selected and contractual nego-
tiations have been initiated.

Approximate Contract

Contract tem Value {$000s)
Principal consultants
Surface - 800
Cut and cover 1400
Tunnel 2088
Systems engineering 1963
Subtotal 6 261
Environmental impact statement 153
General soils consultant 446
Subsurface investigations contract 224
Ridership and operations analysis T 430
Cansulting architect 197

Control surveys and mapping 24
Crther support consultants and

contingencies 362
Project management (NFTA) 1913
Total 10 000

There are a number of reasons for subdividing the
general architecture and engineering work intc several
parts so that speciality consulting teams are working on
each rather than electing to engage one general consultant
for all the work.

1. NFTA can be more selective in its choice of con-
sultants with specific applicable experience to undertake
individual tasks,

2. The overall number of experienced personnel as-
signed to the project will probably be greater than if one
general consultant were engaged for the entire job.

3. The opportunities for local design input are in-
creased with a multiconsultant program rather than the
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single-consultant alternative. For instance, a total of
30 firms will be engaged on the first 10 assignments,
Of these, 17 firms either have their headguarters in
Buffale or already have local offices established in the
area,
cent of the work. - This has a substantial positive impact
in the professional community and is consistent with -
NFTA's goals and claims made in the alternatives anal-
ysis and EIS documents,

4, There is also some advantage to a team approach
If the members of a management group have had vary- .
ing experience on several rapid transit projects, this
stimulates discussion on key issues and tends to-avoid -
the problem of assuming an approach is correct be-
cause it was done that way in a previous case.

Offsetting these advantages somewhat is the additional
work entailed in seeking approvals and in administering
and closing out contracts. In addition, the burdens of
program control and coordination fall squarely on the
owner. However, since the full responsibility for pro-
gram control, direction, costs, and scheduling also
rests with the authority or owner, it is not inconsistent
for the owner to assume full control of these tasks. The
management concept NFTA is attempting to encourage
is that, once the general criteria for system design are
developed and approved, the consultants will be respon-
sible for the technical details without substantial input
or interference from NFTA. To complete the design
tasks within budget will require continuing vigilance,
cooperation, and monitoring by all parties to ensure
that duplication of tasks and effort is minimized.

PROJECT DEVELOPMENT SCHEDULE

Figure 7 illustrates the 15-year history and schedule of
the Buffalo rapid transit project. It has taken almost

10 years to reach the stage of approval in principle, and
there are 5 more years of concentrated design and con-
struction to go.

The general architecture and engineering part of the
development program has two phases. Phase 1 has
already begun; the draft EIS is already completed, and
the principal consultants have been given notice to pro-
ceed. Approval of the final EIS document will mark the
end of phase 1 and the start of definitive design work,
The development criteria, general plans, and standards
started in phase 1 will continue through phase 2 with
increased emphasis on passenger stations and other
facilities to be designed by section designers in phase
3 of the program. Phase 2, definitive design, will be
accomplished by the principal consultants. It will gen-
erally consist of the preparation of design drawings,
gpecifications, and contract documents for the construc-
tion of the line or between-station sections of the proj-

These local firms are handling more than 60 per-

" June 1976 agreement in principle,

ect, ' Specifications, design detdils, and standards de-.
veloped during definitive design by the principal consul-
tants will be used wherever possible in subsequent
section design work of phase 3. :

Phase 3's program of final design cannot begm unt11
after submittal and approval of a subsequent. capital .
grant request by both federal and state authorities, : This
is. scheduled for early 1978. Construction of the system
can begin in line sections designed by the principal con-
sultants after approval of the final eapital grant request.
Groundbreaking for the first contract is now scheduled
for fall 1978. If the-entire program can be maintained -

-on schedule, the system could be operational by the end

of 1982 or early 1983,

A significant stipulation was contained in UMTA's
It limited the federal
share in the project to $269 million, or 80 percent of '
its estimated cost. The granting of a definite funding
commitment by UMTA for consgtruction in a specific- .
dollar amount, based on a review of the capital grant
application and detailed cost estimates preparedafter
preliminary engineering studies, is not part of federal
policy. This policy places the onus on the transit sys-
tem developer to ensure that system costs do not mush-
room during the design process, However, it also places
joint responsibility on all parties involved to ensure.that
the design and construction schedules are met.

With the approval of a eapital grant application, the
project automatically passes from the planning to the
development stage, The planning phase is, of necessity,
extremely tedious and drawn out. Communication with
all levels of government and public parficipation are
time-consuming but indispensible. Delays at this stage
are inevitable but, once the decision is made to proceed
with the capital project, delays become intolerable,

Any capital grant application includes a cost estimate
that in turn is based on an assumed design-and-
construction schedule. In a period of inflation it is
absolutely essential to adhere to this schedule. Any de-
lays, whether technical or bureaucratic, cost money—a
lot of money. Often, such necessary actions as the fine
tuning of designs or the negotiation and approval of
architecture and engineering contracts can be carried
to the extreme, well beyond their proper worth to the
project, The old adage that haste makes waste is still
true, and it is not suggested that the approval process
can be dispensed with entirely, However, it must be
placed in proper perspective during the development
gstage. The same federal effort must be put into the
drafting and standardization of project management
guidelines for system development that was expended in
the streamlining of the EIS and alternatives analygis.
Something must be done to reduce the tremendous volume
of paperwork and to eliminate the lead time in getting
under way with work on design and construction contracts,

Light-Rail Transit in Pittsburgh

Theodore C. Hardy, Port Authority of Allegheny County, Pittshurgh

The $228 million Early Action Program conceived by the Port Authority
of Allegheny County in 1968 and funded by the local, state, and federal

governments in 1970 was intended to end the seemingly endless series of
biennial transit studies and begin the construction of a countywide rapid
transit system on an incremental basis. 1t was to use various technologies,

including existing trolleys, exclusive busways in the east and south, and
the Transit Expressway (Skybus)--rubber-tired computer-controlled ve-
hicles tied to an exclusive guideway—in the South Hills sector. Perhaps
no rapid transit effort, especiatly the Transit Expressway element, has

undergone as close public and technical scrutiny as has the Early Action




Program, The inability to.implement the program expeditiously resulted
in the Urban Mass Transportation Administration’s suspension of further
action in the South Hills sector in October 1974, In 1975, key rapre-
sentatives of local and state governments as well as the Port Authority be-
gan working together to break the deadlocked argument about a fixed-
guideway transit system for the South Hills corridor. An independent
consultant was selected to perform the final alternatives analysis. When
the South Hills alternatives analysis was completed and the recommenda-
tion of light-rail transit (LRT) technology was accepted in March 1976,

a community consensus had been achieved. As a result, the Port Au-
thority amended the Early Action Program to substitute LRT for the .
rubber-tired vehicles on the Transit Expressway and is proceeding with,
engineering and environmental impact studies with the objective of hav-
ing the first stage of the LRT system operational in the South Hills sector
by the early 1980s. )

The issue of fixed -guideway rapid transit development
in Pittsburgh and Allegheny County has been debated for
movre than 70 years by engineers, planners, politicians,
and the community at large, Each group has had to con-
tend with the rugged topography, existing development
patterns, and its own hopes and fears in trying to arrive
at an acceptable course of action,

Surprisingly, lack of funding has not been the reason
for not proceeding with the construction of a fixed-
guideway system. Funds were committed for construc-
tion in 1919 as well as in 1970, The issue in the early
1920s was where to begin rail construction; in the early
1970s, it was disagreement over the gelection of a sys-
tem of rubber-tired vehicles after construction was al-
ready under way. :

To break the local impasse and permit construction
to proceed, the Port Authority of Allegheny County com-
missioned an independent consultant in early 1975 to
compare four modes for the South Hills corridor and to
make a recommendation for implementation. A light-
rail transit (LRT) system was recommended in place of
the rubber-tired system. Today, an engineering and
environmental impact study for the first stage of the
LRT line is under way. To give the reader a better un-
derstanding of the present LRT situation, it is important
to review the key events leading to this decision.

In 1959, the Pennsylvania legislature assigned to the
Port Authority of Allegheny County responsibility for
acquiring, operating, and coordinating mass transit in
Allegheny County. By 1964, the Port Authority had pur-
chased 33 independent bus and streetcar companies and
consolidated them into an infegrated operation on a re-
gional scale. Instead of 33 independent companies with
39 separate locations in Allegheny and contiguous coun-
ties, the Port Authority's 1000 buses and 90 streetcars
are now operating from six strategically located divi-
sional garages. Around-the-clock administration is con-
ducted from a new main office complex, which also
houses the primary maintenance shop. At the same time
that bus operations were being consolidated, the board
of the Port Authority and community leaders directed
their energies toward the long-standing issue of rapid
transit to achieve a balanced transportation system for
the region,

After World War II, plans for the Pittsburgh renais-
sance, which was brought about by business and govern-
mental interest in improving the ¢ity, placed improved
mass transportation high on the agenda, along with new
buildings, new jobs, and the checking of floods and air
pollution. The public leaders in the early 1960s clearly
noted that mobility was the key to sustained community
development and regional growth, They posed the follow-
ing question: ''If trolley systems are not being built and
are unavailable for medium-density cities such as Pitts-
burgh, if people are clearly in love with the riding qual-
ities of automobiles, if buses are singularly inadeguate
to meet ridership demand as well as to negotiate the hills
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and narrow twisting streets of Pittsburgh; then how do-
we meet our local transit needs?'" The answer proposed

-was the Transit Expressway, commonly referred to as
- the Skybus. ‘ .

Skybus can best be described as a 10,7-m (35-It)

.rubber-tired vehicle that is capable of being operated

gither singly or in multiple-car trains and that cannot
leave the fixed track because the vehicle system is locked

* to a continuous center guideway. The concept was the

brainchild of Westinghouse Eléctric Corporation and was
made into a reality by the combined capabilities of at

. least 30 major companies in Pittsburgh that contributed

to its development.  Skybus is a product of Pittsburgh, .

The first-generation vehicles and test track were
funded by local, state, and federal governments and con-
structed in 1965. The 3.2-km (2-mile) test track lo-
cated in a county-owned regional park (South Park) still -
exists today as'the only high~-speed test track for rubber-
tired transit vehicles in the United States. Although no
trunk-line rapid transit application exists today, the con-
cept is being successfully used in downtown people
movers in four locations in the United States.

EARLY ACTION PROGRAM

On the basis of the recommended staging priorities for
constructing a 96-km (60-mile) rapid transit system in
Allegheny County (1) and the successful test results of
the rubber-tired Skybus, the Port Authority in 1969 de-
veloped a series of early actions aimed at proceeding
quickly with the first steps of the countywide rapid tran-
sit system by using various systems in the high-priority
corridors as well as demonstrating the feasibility of the
Skybus technotogy in revenue operations.

As approved and funded in 1970 at the local and federal
levels, the Early Action Program consisted of four major
elements: the exclusive busways (a) to the south—7.2
km {4.5 miles)—and {b) east—12.9 km (8 miles} and (c)
the rehabilitation of a portion of the existing South Hills
trolley system—27 km (17 miles)—in order to continue
operations until the final element—(d) the 16.9-km (10.5-
mile} Skybus system—was operational in the remaining
sector of the corridor. - These early actions affecting
approximately 64 km (38 miles) of exclusive right-of-way
{ransit improvements were estimated to cost
$228 000 000. The southern and eastern sectors of the
county had high priorities for rapid transit improvements
because of the growth and development in these sectors,
the age and deterioration of the existing South Hills
trolley fleet, and the availability of right-of-way.

From the inception of the Early Action Program in 1968,
the Skybus demonstration element was embroiled in con-
troversy at the locallevel. Argumentand counterargument
were advanced by both sides inresponse to such guestions
as: Is the system safe ? Will it performdayinand day out ?
Willit performin rainand snow? Arenotsteel wheels bet-
ter than rubber tires ? Will it cost more than the estimate ?
Why must I lose my favorite trolley stop 7 Should the vehi-
cle operate automatically ? Meanwhile, as eachyearpassed
by, Pittsburgh's transit controversy continued to build
only a historic paper trail. It was the first transit pro-
gram to have public hearings (not federally required)
televised in their entirety on public television (1969), the
first major Urban Mass Transportation Adminisiration
(UMTA) project to undergo the environmental impact
procedure (1971), the subject of a 69-d hearing in the
Court of Common Pleas of Allegheny County on a request
for a preliminary injunction (1972), and the recipient
of technical support from UMTA for fixed-guideway
rubber-tired vehicles for line-haul service on two sepa-
rate occasions (1970 and 1974). As a result of changing
political leadership during this period at all levels,
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Figure 1. Alignment for \/_

stage 1 of the LRT
system.
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steady cost escalation due to delay and inflation, and

the resurgence of the light-rail vehiéle (LRV) in the
United States, the Skybus controversy became deadlocked
in mid~1974,

Although UMTA reassured the local area of its con-
tinued support for the rubber-tired vehicles, it was
made clear that the Port Authority of Allegheny County
must decide how it wished to proceed, While awaiting
this decision, UMTA suspended further administrative
actions on Skybus in October 1974. At the same time,
-UMTA also suspended further administrative action on
the busway to the east as a result of the problems in-
volving the Penn Central Transportation Company.
(When the Consolidated Rail Corporation was created in
April 1976, UMTA lifted this suspension; final engineer-
ing studies and acquisition of property are now under
way, and construction is scheduled for completion in
1981.)

SOUTH HILLS CORRIDOR

In early 1975, key representatives of the city, county,
and state governments began working together at the re-
quest of the Port Authority to try to reach a consensus
on transit improvement in the Pittsburgh area. The
deliberations of this special task forece led to the con-
clusion that the various proposals for constructing fixed-
guideway transit in the South Hills corridor should under-
go a final independent evaluation—another study,

In accordance with the guidelines prescribed by the
task force, De Leuw, Cather and Company began work
in August 1975, under contract with the Port Authority,
on a comparative analysis of four alternative modes of
transit for the South Hills transportation corridor: (a)
arubber-tired, rapid-transit system, (b)a steel-wheeled,
light-rail transit system, (c) a conventional rail rapid
transit system, and (d) all-express bus transit. The
study's basic objective was to provide sufficient data to
determine which transit system would be most suitable

for the South Hills communities, taking into account such
factors as financing feasibility, operational efficiency,

- public acceptability, service characteristics, technolog-

ical accessibility, safety, and environmental impact,

In March 1976, the independent consultant reported
that, on the basis of these major considerations, "LRT
would offer the most cost-effective and financially fea-
sible alternative. ... It would have sufficient advantages
to allow it to be considered the leading candidate system
for implementation in the South Hills corridor'™ (2). In
comparison with the three alternative transit modes
analyzed, the independent consultant concluded that the
LRT system was preferable in the South Hills corridor
primarily because

1. 1t had the lowest capital and operating costs per
passenger and thus the lowest requirements for govern-
ment subsidies, as well as being easily staged for con-
struction and capable of expansion into other corridors;

2. It could produce the highest number of daily tran-
sit trips (particularly nontransfer trips) within the South
Hills corridor and give the highest degree of accessibil-
ity to passengers;

3. It would require the least displacement of busi-
nesses and residences and was best in meeting noise,
air-quality, energy, and land-use standards; and

4. It presented the least risk in terms of both tech-
nological reliability and opportunity for procurement
since it is a tested and proven technology and does not
rely on highly innovative or experimental features that
could create an obstacle to commercial production.

In making the recommendation, the consultani stated
that:

Cne of the most important advantages favoring LRT development in the
South Hills eorridor is that it would be compatible with the guideway
technology that currently exists there. Fhe system could be easily staged.
Existing PCC [Presidents’ Conference Committee] cars and new light-
rail vehicles could operate interchangeably over the new and old parts of
the system. Trolleys operate on dowsttown streets today in greater num-
bers and over greater lengths of street than would be proposed in the
recommended plan, Were it not for the above factors; LRT possibly
would not have had the cost and financial advantages over the other al-

_ternatives as determined in this study,

After review by the technical committee of the special
task force and after public meetings, the independent
consultant's recormendation to construct and equip the
35.7-km (22.3~mile) corridor with an LRT system sub-
stantially on the right-of-way now used by the existing
South Hills trolley at a cost of $384,5 million {in 1975
dollars) was adopted by local and state officials and the
Port Authority's board in April 1976 and forwarded to
UMTA for its concurrence.

IMPLEMENTING STAGE 1

As the result of a 6~month joint review period with UMTA
and the identification of new budgetary constraints at the
federal level, a set of immediate improvements to the
existing South Hills trolley system was proposed. These
improvements would cost approximately $200 million
and were consistent with the independent consultant's
LRT recommendations as well as the Port Authority's
operalional objectives.

In April 1977, the Port Authority signed a contract
with the joint venture firm of Parsons Brinckerhoff-
Gibbs and Hill to undertake engineering and environmen-
tal impact studies for stage 1; see Figure 1. The draft
environmental impact statement (EIS) and cost estimate,
as well as other contract items were to be received by
December 1377, and stage 1 should be 40 percent com-
plete by August 1978, If the EIS and full funding have




Figure 2. Consultant’s proposed alternative for downtown on-street
operations.

Figure 3. Traffic management study’s proposed alternative for
downtown on-street operations.

been approved by August 1978, the Port Authority looks
forward to the completion of contract documents and
commencement of construction early in 1979. The ob~
jective is to have the work completed and 80 new LRVs
operational early in the 1380s.

The scope of work for stage 1 will set priorities for
solving current trolley system problems within the bud-
get constraints, while at the same time continuing trolley
operations throughout the 35.7-km corridor. The tasks
to be accomplished are exacting.

1. The existing trolley fleet is worn out and must
be replaced., The current car barns at South Hills Junc-
tion were never intended to provide a full maintenance
facility. This facility does not function properly today
due to lack of space and could never accommodate the
new LRVs and their sophisticated equipment needs. The
Pittsburgh LRV is intended to use already available
technology to the greatest extent possible. Competitive
bidding consistent with UMTA’s policy will be encour-
aged. Until the completion of stage 2 sometime in the
late 19803, both existing trolleyecars and new LRVs will
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be gperating over the same track.

2, There must be a river, crossing into the Golden:
Triangle that is reliable and permits multicar opera-
tions in trains., The 100-year«old Smithfield Street.
Bridge can currently carry only 1 trolley/span in each -
direction. Multicar express operations on exclusive
right-of-way are-only possible info the downtown area
without massive disruption if the soon-to-be-abandoned
Panhandle Railroad Bridge and right-of-way are used,
This is the same alignment as that proposed for Skybus,

3. A systemwide signal system, power transmis-
sion, and distributors are needed, All existing facilities
are old, obsolete, and in need of replacement. Stage 1
will include replacement of all such facilities throughout
the 35.7-km corridor to ensure reliability and permit -
operations by both PCC cars and LRVs.

-4, A track system must be built in areas previcusly
proposed for abandonment. New track will be con-
structed along the alignment previously proposed for
Skybus since no resources were allocated for renewing
frolleys in the 16.9-km corridor, The remaining South
Hills corridor trackage will be reconstructed in stage 2,
since initial upgrading has heen accomplished as part
of the current rail rehabilitation element by the Early -
Action Program.

5. Bridges located in the corridor formerly scheduled
for a transit expressway will be renovated or recon-
structed to support the LRV. Although further engineer-
ing study will be required, recent bridge work performed
in the Saw Mill Run Valley and in the Library extension
as part of the Early Action Program should prove satis-
factory until stage 2 of the LRT plan is initiated.

6. The on-street operation of vehicles in downtown
Pittsburgh is a subject of considerable discussion. The
Parsons Brinckerhoff-Gibbs and Hills team is currently
examining three basic schemes, One is the alternative
recommended by the independent consultant; see Figure
2. This loop arrangement includes LRT tracks on Ses

lected downtown streets adjacent to the curb, the crea~
tion of dn exehifive right~of~way between street inter-
sections, and the operation of LRVs against the flow of
vehicular traffic. The second is Pittsburgh's traffic
management study alternative; see Figure 3. This stub-
ended alternative places the LRT line exclusive on Fifth
Avenue; the alignment is underground at Grant Street
and operates at grade on the remainder of Fifth Avenue
to Liberty Avenue. The third is an underground align-
‘nent yet to be determine it provides at least tThe same
level of gérvice as thé recommended on-street align-
ment, The narrow streets—58-m (36 -ft) travelway and
88 m (55 It) between building faces—necessitate detailed
engineering studies and trade-off analyses. No aerial
alternatives have been suggested since they would have
a negative visual impact,

7. Throughout the 35.7-km corridor, isolated im-
provements are scheduled to increase operational safety,
efficiency, and reliability and to improve ridership. ’
These items include {a) double- rather than single-track
operations in restricted areas, (b) park-and-ride facil-
ities at some stations, and (c) grade separations and
extensions of exclusive right-of-way.

When the stage 1 improvements are completed in the
early 1980s, stage 2 is planned to follow immediately
thereafter; it is scheduled for completion in the mid-
1980s. This will bring the South Hills LRT system to
completion as planned.

CONCLUSIONS

Pittsburgh is now moving ahead with stage 1 of ifs LRT
system as the result of an independent consultant's 1976
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study of alternative Systems in the South Hills corridor.
The recommendation was based on a variety of measure-
ments, including financing feasibility, operational effi—
ciency, public acceptability, service characteristics,.
technological access1b111ty, safety, and env1ronmenta1
impact,

One of the most 1mportant advantages of an LRT sys-
tern in the South Hills corridor was that it would be com-
patible with the existing guideway system; it could also.
be easily staged. Both PCC cars and the new LRVs
could operate over both the old and the new parts of the
system. Trolleys dperate on downtown sireets today
in greater numbers and over greater lengths of street :
than was proposed.in some of the recommended alter -
natives,
~ The process Plttsburgh underwent ma.y hold some .
lessons that could be of assistance to other cities in
completing rapid transit Systems regardless of the mode
selected. Cn .

1, We know that a consensus must be reached before
transit actions and expenditures can be initiated; how-
ever, we have also learned that a consensus must be
sustained for a long period of time. .

2, Major capital expenditures for rapid transit pro-
grams may therefore have to be committed for the time
that political office holders will remain in power. To
sustain a program that is not well under way belore a.

major political change is made seems to be difficult, if
not impossible, .

3. Planning incremental programs seems to be the
correct approach to constructing large systems; how- -
ever, they too must be completed expeditiously.

4. " Pioneering new technology is exciting, but ex-
perimenting in a dense urban environment is demanding
and exceedingly difficult. - These efforts must be made
with great care, great control, and great budgets to,
accommodate the unknown,

5, Wise allocdtion of scarce resources requires
careful review of what is available and in place-locally
rather than initial advocacy of new programs that uproot
and replace .

The 10 -yea’r -coritroversy .over the South Hills corridor
seems to be at an end; perhaps progress will now indeed
be rapid to assist the citizens of Allegheny County in
moving more freely and reliably by public transit.
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Light-Rail Transit: Less Can Mean More

Peter Straus, San Francisco Municipal Railway

Perhaps the single most appealing and most useful characteristic of light-
rail transit (LRT) is its inherent flexibility. Yet engineers and planners
have sometimes overlooked the opportunities that accrue from this flex-
ibility and have tried to use LRT to create a system as much like con-
ventional rapid transit as possible at less than rapid transit's cost. This
paper explores LRT's flexibility to operate in a conventional rapid tran-
sit environment, as well as its ability to not operate in a rapid transit
environment. LRT is also at home in contexts more typical of the bus
mede. This provides for & broad range of designs between these two
extremes and allows optimal design choices to be accommodated. De-
sign options considered in this paper include right-of-way treatment,
approaches to fare collection, grade and curvature alignments, high-
versus fow-level platforms, signal and vehicle-protection requirements,
and trade-offs between speed and capacity.

Every conference or meeéting concerned with light-rail
transit (LRT)} in the few years since it once again be-
came respectable seems to have included several papers
that attempt to define what this reborn creation~LRT -
really is, But between the definitions and the applica-
tions, transitprofessionals have sometimes demonstrated
a reluctance to forsake the full-scale rapid transit on
which many of us were nurtured in favor of the full po-
tential that LRT actually holds. We have frequently tended
to shoot for the moon. Fortunately or unfortunately, that
is not where our potential patrons wish to go.

When the early advocates—or more properly the de~
fenders—of LRT sought to retain and improve the rem-

- pants of the nation's streetcar empires in the 19508 and
19603, this attitude was understandable and necessary,
Tt was essential that some of the attributes commonly
associated with conventional rapid transit be introduced
to upgrade streetcars into what is now known as LRT,
but it is equally important to stress today that LRT still
stands for ''light-rail transit'' and not necessarily for
"]ight rapid transit."

It is a difficult distinction to draw; certainly LRT
service should be as rapid as possible, But the connota-
tions of what we know as rapid transit go somewhat
further. The term ''rapid transit'' is associated with
multiple-unit operation, high-level platforms, and com-
pletely grade-separated rights-of-way. Although LRT
is flexible enough to operate in such an environment, the
point is that LRT is flexible encugh not to operate in this
environment as well, and that is perhaps what distin-
guishes it,

LRT is often defined as an intermediate-capacity
‘mode appropriate for 5000 to 20 000 passengers/h, It
can be that, but it can offer much more. The flexibility
of LRT gives it a chameleonlike ability to blend with its
surroundings,

Until the resurgence of interest in LRT, the work-
horses of domestic public transit service were two:
heavy-rail transit {either commuter rail or conventional
rapid transit) and the local-service bus, These modes
define two extremes; when either one satisfies local
needs and requirements fully and cost-effectively, LRT
has relatively little to offer as an alternative,

However, the situations we face as planners are fre-
quently not so simaple. In considering transit improve-
ments in an urban corridor or region, particularly on
the microlevel of analysis, there will typically be a seg-
ment in which the characteristics of high-speed, high-
density, grade-separated rapid transit will appear very
attractive, while relatively low-density, single-vehicle
service is all that is called for elsewhere, and only a

minimal capital investment seems justified. Planners,
like everyone else, seek the best of both worlds and '
struggle to avoid such choices,

What are the choices? One is to provide a trunk rapid
transit facility with extensive feeder bus networks con-
necting to it. But LRT offers ancther alternative when
the capacity of full-scale rapid transit is not ealled for:
It can serve both the rapid transit line-haul and local
feeder functions with a single vehicle, reduce the need
for transfers between modes, and reduce the need for -
compromise. On a systemic basis, LRT may offer a
greater number of network trips with fewer transfers.

Cannot express buses serve that function equally well
and at lower cost? Costs of course are deceptive, since
capacities differ and a light-rail vehicle (LRV) can be
expected to remain serviceable two to three times as
long as the average motor coach—20 to 30 years versus
10 to 15 years—and so on. On the basis of amortized
costs, buses may remain less expensive, but the gap
narrows. Buses remain unable to achieve such benefits
of rapid transit trunk-line operation as high capacity and
its corollary, high operator productivity; the speed and
safety of operation afforded by signaling, automatic
speed protection or full automatic train operation; or
high-level, and hence high-speed short-dwell {and fully
accessible), boarding and alighting of passengers,

Again, for LRT these are design choices rather than
design requirements. The options for different levels
of service and different levels of cost (1,2,3,4,5,6) are
shown in Table 1. The potential range of alignments is
represented in Figures 1 to 5, which show various por-
tions of San Francisco's Municipal Railway (Muni) sys-
tem, Other major design options offered by LRT in
virtually any permutation that suits a given context
include:

1. Four-axle nonarticulated, six-axle two-section
articulated, eight-axle three-section articulated, or
larger units;

2. BSingle-unit, coupled-train, or fully train-lined
multiple-unit {(usually up to four-car) operation;

3. Fully manual operation, manual operation with
wayside signaling, manual operation with automatic speed
protection, or automatic train operation;

4, On-board, station, or self-service fare collection;

5. High-level or low-level platforms or street loading;

6. Single-ended or bidirectional vehicles;and ’

7. Urban, interurban, or suburban passenger opera-
tion or mixed passenger and railroad freight service.

Almost without exception, these choices are nonbind-
ing: Any combination can be made compatible with al-
most any other combination elsewhere in an integrated
system and usually even elsewhere on a single line, LRT
allows high-speed, fully grade-separated facilities to be
built and used to advantage where they are desirable,
feasible, and affordable. But on other portions of a line,
where geography, cost, politics, or service considera-
tions suggest or require a simpler facility, semiexclusive
or even mixed -traffic route segments can readily be taken
in stride, There is even a location in Cologne in which
a short single-track segment is used to advantage to in-
geniously provide the simplest of turn-back facilities in
the center of a narrow street on a relatively low-density
branch. Double-ended cars can stop, wait, and reverse
without blocking either traffic stream (Figure 6).
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Table 1. Capacities and costs of six options for LRT alignments
(1976-1977).

Cast of
Passengers Two-Track Station
er Hour Right-of-Way Cost

Cption 000s) ($006 0008 /km} ($000 000g)
Exclusive subway right-of-way 20 to 30 12 to 22 5to 15
Exclusive aerial right-of-way 20 to 30 2.5to 11 l1to b
Exclusive grade-~-separated

surface right-of -way 20 to 30 0.6to 3.1 0.5 to 4.0
Semiexclugive surface right-of-

way in median or at side of

road with grade crossings 10 to 20 0.4 to 0.6 0.2 to 1.0
Separated but in-street (or mall)

surface right-of-way (incre-

mental expense) 10 to 20 0.6 to 0.9 0.2t0 1.0
Mixed«traffic surface operation 5to 10 0.6 010 0.5

Note: 1km = 0.6 mile.

Figure 1. Exclusive subway right-of-way: Muni's Castro Street Metro
Station during tests.

SIX ASPECTS OF LRT SYSTEM DESIGN

Automated Versus Manual Control

In most contexts, manual operation or manual operation
with automatic speed protection can provide the same
level of service as more automated systems but at lower
capital and maintenance-related labor costs and with
less potential for operating problems, The benefits of
full automation accrue only when it is applied to a full
line, which must then be fully grade separated; this is
usually not the case for LRT. Advanced technology is
unnecessary unless the benefits can be clearly demon-
strated.

Figure 3. Semiexclusive surface right-of-way: Junipero Serra Boulevard
on K Line.

Figure 4. Separated in-street surface right-of-way: raised median on
Judah Street along N Line.

Figure 5. Mixed-traffic surface operation {with boarding islands):
Ocean Avenue on K Line.
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Railroad, Rapid Transit, and Streetcar

It seems to.be necessary to make a conscious effort to
fulfill LRT's potential for maximal service from mini-~
mal facilities and to avoid inadvertantly achieving mini-
mal service by overbuilding the facilities. Building to -
railroad or rapid transit standards of speed, grades,

and signals may produce designs geared to needlessly
overbuilt rights-of-way and needlessly limited capacity.
Safe LRT operation can be maintained with minimal
train-protection features. Line-of-sight operation, sup-
plemented by cab or wayside signals, is fully adequate

in most situations. For most surface applications, those™

not familiar with LRT should be encouraged, when con-
sidering signaling and vehicle and right-of-way protection,
to think more in terms of what bus operation entails than
of the usual conventional rapid transit or railroad prac-
tice. This concerns not only engineers and planners

but also legislators and regulators, who are beginning

to express an interest in the establishment of regulations
and standards for design, consi{ruciion, and operation

of LRT systems. If LRT's principal utility derives from
its flexibility, it is crucial that this flexibility not beé
needlessly cireumseribed by the regulatory pen. '

Fare Collection

Off-vehicle, station fare collection is very attractive in
concept, but even in a center-city context it may carry
with it needlessly high labor costs, For nine stations,
Muni will require nearly 70 station agents, as well as
supervisory personnel, at a cost that may exceed $1 -
million/year. If the expected passenger volumes will
permit on-vehicle collection, at least at certain hours,
a system might be planned to allow an option that does
not require fully manned stations at all times, San
Francisco's LRVs will not readily accommodate on-
board collection at high~level station platforms. The
key in this case lies in system planning: Station fare
collection costs can be controlled by car design, station
design, or fare-structure design.

In high~-volume transit operations, boarding time fre-
gquently becomes a major source of delay. In San Fran-
cisco it was found that on several central-area trunk
bus-route segments, boarding accounts for an average
of about 14 percent, and sometimes as much as 33 per~

Figure 6. Diagram of single-track segment on Diirener Strasse in
Cologne.

cent, of vehicle running times (7). Typically,” the pgr~
centages are far more signifieant than those associated-
with the traffic delays planners habitually lament, As
Table 2 indicates, ''general backup’' was never either a
primary or secondary cause of delay, The usual rail
transit solution, based on station fare collection with
agent-staffed stations, is excessively labor intensive
for most LRT and even Some rapid transit applications,
One LRT alternative that has emerged irom European
experience has been the use of prepaid, self-service :
fares. 'This system, developed for LRT to permit multi-
section high-capacity cars and multiple-unit {rain opera-
tion on surface lines without conductors or operators on
each unit, typically requires each passenger to purchase
a valid ticket or pass before boarding, All doors are .
then avajlable for boarding or alighting, even at simple
street-level stops, and there are no delays at the fare
box. . Inspectors check that all passengers have valid
tickets or passes on a random basis; fines cover most -
{or potentially all} of the combined costs of cheating and
inspection. : : '
The self-service fare system has proved so success-
ful in reducing costs and increasing labor productivity —
not to mention improving service—that it has been applied -
to conventional buses, rapid transit, and railroad trains
as well.

Grades and Curvature

Since they had their origing in streetcars, LRT systems
in existence, when implementing system improvements,
have continued to exploit the fact that there are fewer
limitations on gradients and curvatures for LRT than
for conventional rapid transit (8,9). These limitations
are typically as shown below (I m = 3.3 ft):

Maximum  Minimum '
Gradient Radius of

Type of Vehicle {degrees)]  Curvature {m)
Boeing Vertol LRV 9,0 13
Conventicnal rapid transit 5.0 7510 180

As in the case of other items, these are not rigid
limits. Conventional rapid transit canbe designedto less
demanding standards, and some LRT equipment cannot
achieve the limits described above, although historically
ordinary streetcars have frequently operated over tighter
curves and steeper grades, too, But these figures indi-
cate that LRT can be comfortably designed (and compo-
nents are readily available) to operate on alignments far
less restrictive than those necessary for a conventional
rapid transit design.

The grade and curve alignments typical of LRT ob-
viously allow it to be brought to where the customers are
far more readily and at far less cost. Conventional rapid

Table 2, Major and secondary causes of delay on selected San Francisco street segments.

Sepment Major Percentage Secondary  Percentage Sepgment Major Percentage Secondary Percentage
Lenpth Cause of of Running Cause of of Running Length Cauge of of Running Cause of of Running
Strect (km Delay Time Delay* Time Street {iem) Delay Time Delay* Time
Sacramento 1.16 Loading 33.5 Signal 9.9 Chestnut 0.56 Loading 15.4 —_ -
Third 0.97 Loading 27.0 Signal 13.% Castro 0.24 Loading 14.8 Signal 9.1
Columbus 1,97 Loading 24.2 Signal 15.9 Suiter 0.56 Signal 16.5 Loading 12.3
Kearny 1.03 Signal 26.0 Loading 24.0 Post 0.85 Jignal 21.8 Loading 11,8
Mission 2,26 Loading 23.0 Signal 11.1 Divisadero 2.26 Loading 10,5 Signal 2.0
Clay 1.18 Loading 22,4 Signal 15,0 Steckton 1,63 Leading 10.4 — -
Geary 1.87 Loading 21.6 Signal 10.9 Clement 1.16 Leading 1.5 e -
Van Ness 2,89 Loading 20.7 Signal 14.8 O'Farrell 1.60 Signal 9.7 Loading 6.3
Union 1.21 Loading 0.5 Signal 11.1 Polk 1.1 Signal 4.0 Loading 4.0
Carland Irving 1.77 Loading 16.7 Signai 6.0

NMote; 1km =0,6 milg,
*11 greater than 5 pereent of running time.

e,



Figure 7. High-low step on Boeing Vertol LRV in raised position for
high-level platform loading.

Figure 8. High-low step on Boeing Vertol LRV in lowered position for
surface operation.

transit usually requires a compromise among fewer
feasible alternative alignments; its final design is likely
to be more costly than that of LRT, yet it still may not
be able to achieve the station designs and locations that
are feasible for LRT.

Speed

High operating speed can become an ¢lusive goal. Ear-
lier this year, the Bay Area Rapid Transit system re-
duced its normal maximum operating speed {rom 129 to
113 lem/h (80 Lo 70 mph) because it was found that the
lower speed would result in improved reliability and
performance of traction motors, which in turn would
result in a slightly slower but more reliable and less
breakdown-prone operation. Reliabilily is generally
more important in atéracting and maintaining patronage
than speed per se. Also, higher speed operation re-

a1

Figure 9. Muni Metro system’s existing and committed fatilities (not to
scale).
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quires greater distance between trains, which in turn
can mean lower capacity as measured by the number of
trains that can be safely operated past any particular
stop. Ina system with close stop spacing, even the dif-
ference between 56 and 81 km/h (35 and 50 mph) in max-
imum speed operation can become insignificant. On
Muni's system, LRV trains will be able to run from Van
Ness Avenue to the Embarcadero Station, including 15-8
station stops, in about 4.3 min with a top speed of 81.
km/h; at a top speed of 56 km/h, it would take about 5.2
min (10). In percentage terms this would appear to be
significant, but it is still only 1 min. '

Station Platforms

High-level platforms will speed boarding and be more
convenient for passengers but, unless all stops are at
high-level platforms, will require a ear with a high-low
step device, such as that shown in Figures 7 and 8, San
Francisco, like a number of West German LRT systems,
has opted to accept this combination—high-level subway
platforms and low-level surface loading. We do not
regret this decision, but it is unfortunate that our car's
design does not allow a high-low step to be provided at
the front door, which effectively prevents on-board fare
collection in the subway. This restriction is vehicle
specific, however, and is in no way a general charac-
teristic of LRV design.

Neither Boston, Toronto, nor other present North
American LRT operators, however, have chosen to con-
vert their LRT systems to high- or mixed-level board-
ing, and the Boston and Toronto cars on order do not
provide for movable steps, The existing domestic op-
erators, other than Muni, have for the moment at least
chosen to avoid the cost of even limited conversion. Al-
though new systems will not be faced with this constraint,
high platforms (or a car design that requires off-vehicle
fare collection) are still features a new system may not
wisgh to include in an initial operation, e.g., upgrading
an existing rail line. Another point to consider is that
high-level platforms, particularly for typical American
LRT car widths of 2,60 to 2.75 m (8.5 to 9.0 ff), would
interfere with normal railroad clearances; mixed pas-
senger and freight use of a rail line would therefore re-
quire either low-level platforms or gauntlet or bypass
tracks, Again, LRT has the flexibility to allow (but not
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require) the simpler construction of 'surface loading, if
only initially. : '

SAN FRANCISCO'S EXPERIENCE

It may be appropriate at this point to cite some further
‘examples from Muni's experience in San Francisco.
Muni operates five streetcar lines, currently using
Presidents' Conference Committee (PCC) cars, which
feed into a Market Street surface trunk line at present,
As San Francisco phases into what will be called Muni
Metro operation with LRVs, the five surface routes will
funnel into a Market Street trunk subway instead (see
Figure 9),

Neither now nor in the foreseeable future will the
system be converted to full rapid transit. San Fran-
cisco, even with federal assistance, could not afford
to build five fully grade-separated rapid transit lines
on the alignments of all five pregent lines, The ex-
pected passenger volumes could not justify such con-
struction, nor would a reduced system with additional
transfers and several short rides be a desirable option
in an area as physically small as San Francisco. It
may also be crucial that none of these alternatives would
be acceptable to San Francisco's residents.

And so, ag was illustrated in Figures 1 to 5, San
Francisco is now reconstructing its lines for LRT oper-

Vi in semicxclisive rights—

| ation in private rights-of-way, i e rights
‘ ?Mj ¥E6ts for mixed -Lraffic operation, IS
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—
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Tea price—in longer running times, less reliable
schedules, and so forth? Of course there is, but there
are also the benefits of better coverage, fewer transfers,
more convenient neighborhood access, fewer undesirable
impacts as perceived by residents, and a far lower cap-
ital cost.

Another example is provided by the subway facilities
into which San Francisco's five surface branches will
run. This facility has been built to full rapid transit
standards, Indeed, it was originally intended to func-
tion as such, although now it is extremely unlikely that .
any such full-scale conversion will ever take place,

High platforms in the subway, unlike those used by
similar LRVs in Boston, will make boarding guicker and
easier, But they will also increase our labor costs ap-
preciably because of the probable need to provide station
agents at all hours of subway operation. This is not to
suggest the subway should necessarily have been built
with low platforms, which would have allowed front-door
entry and on-board fare collection. Once again, however,
future systems would do well to ensure that, by virtue of
station design, vehicle design, and fare-system design
itsel, conventional rapid transit fare collection at sta-
tions is not required when less costly options available
to LRT may be preferable, at least at certain hours.

BUILDING BLOCKS: PRE-METRO AND
SEMI-METRO

The varied system components that have been discussed
can be assembled to form two generic types of LRT sys-
tems. Under one approach, called pre-metro by our
Buropean colleagues, LRT represents an incremental
strategy in which the ultimate goal is seen as conven-
tional rapid transit and LRT is introduced initially to
hold down investment until full rapid transit capabilities
are actually reguired. Two examples of pre-metro sys-
tems are the Brussels and the German Rhein-Ruhr sys-
tems; the closest domestic example may be the Ashmont-
Mattapan portion of Boston's Red Line, The other ap-
proach is to build LRT simply as LRT, without viewing
upgrading to full metro rapid transit standards as an
ultimate goal at all, In Europe the term semi-metro is

used to describe such a system. :
In practice, planners have sometimes preacled the
latter approach but followed the former. Needlessly de-
signing to pre-metro standards can be both extremely
wasteful and limiting. L
1t should be noted that even some of the European pre-
metro systems are having second thoughts as to the
necessity for that approach. With the successful devel-

opment of several designs of high-low step devices (which

allow LRT vehicles to use high-level platforms in a sub-
way) and similar features, there is no need for a clean -
break between LRT and full metro status. Instead, lines
can be improved and upgraded on a systemwide incre-
mental basis, with no need to focus on a single line to
elevate it from pre-metro status. Brussels, the best .
known example of a pre-metro operation, built a first -
line it intended to later upgrade from pre-metrolow plat=:
forms to a high-platform metro line. Although this is -
being completed, subsequent lines will probably follow

a semi-metro design with incremental upgrading, Sim-
ilarly, the Rhein-Ruhr system is being established asa
high-grade LRT system, and the original concept of
formal upgrading to conventional rapid transit will prob-
ably be abandoned. Other systems that initially con~
sidered a pre-metro or metro orientation and switched
to a commitment to simply high-quality LRT include
Hannover and, for that matter, Muni. '

CONCLUDING COMMENT

LRT can offer scolutions for many of our cities® transit
needs, When considering LRT, planners need {o éxamine
both ends of the LRT spectrum. The point is that less
can mean more, that LRT offers low-capital and low-
operating-cost choices, and that it is frequently in scal-
ing down that the opportunities offered by LRT are found,

LRT is attractive because it i8 a workable, flexible,
proven system, New technology and sophistication are
not ends in themselves. The goal is simply good, reli-
able, affordable fransit service, and LRT can help pro-
vide itf.
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Effect of Varying Light-Rail Design

Standards

Walter Kudlick, De Leuw, Cather and Company, San Francisco
R. David Minister, Santa Clara County Transporiation Agency

Light-rail transit (LRT) is a flexible transit mode that can be imple-
mentad in a variety of ways. This complicates the task of comparing it
with other modes when carrying out the alternatives analysis required by
the Urban Mass Transportation Administration to secure federal funding
for fixed-guideway transit projects. A recent study for Santa Clara
County, California, dealt with this problem by evaluating four possible
variations in LRT design standards. This paper draws on the results of
that stucdy. It features a description of the study area and site conditions,
a definition of the four LRT design standards considered, analysis of the
different capital costs associated with each design standard, a discussion
of the range of estimates of expected patronage, and a review of the re-
sulting operating requirements and costs. The paper then presants a de-
tailed comparison of the cumulative impact of these design differences
on the cost-effectiveness measures for the bus alternatives that were also
analyzed in the Santa Clara County study. It was found that, white cap-
ital costs for LRT can vary significantly according to the assumed design
standard, the cost-effectiveness is primarily dependent on other factors.
It is therefore concluded that alternatives analysis requires the study of
only one LRT design standard to establish the relative advantages and
disadvantages of transit mode alternatives for a given metropolitan area.

Santa Clara County is a dynamic urban area located at
the southern end of San Francisco Bay. Once known for
its famous fruit orchards, today the county is one of the
world's foremost centers of advanced technology. As

a result of expected continued growth in the computer,
laser, electronics, and space satellite industries, Santa
Clara County is projected to grow to about 1 500 000
people and 725 000 jobs by 1980, the design year for
which the current transportation studies are being un-
dertaken. The urbanized area of the county encompasses
some 712 km?® (275 miles®), most of which are contained
in a broad, flat valley with relatively few topographical
restrictions.

The county developed very rapidly in the years fol-
lowing World War II and followed a leap~frog pattern of
single-family subdivision development that was fostered
by an abundant supply of cheap land and an ever-
expanding highway system. No strong downtown area
exists today, but the largest city, San Jose, has a pop-
ulation of almost 600 000, Commerce and industry de-
veloped principally in a linear form along the main-line
railroad and freeway that connect San Juse with San
Francisco, 80 km {50 miles) to the north.

The county's existing transportation system consists
of an excellent system of freeways, expressways, and
arterial streets on which more than 800 000 motor ve~
hicles operate, a fledgling transit system consisting of
234 buses, and a commuter rajlroad line to San Fran-
cisce. Plans and funding exist to expand the transit
system to 516 buses by 1980, and recent studies have
recommended the upgrading and expansion of the service
offered by the commuter railroad line.

The county has adopted a long-range goal of serving

30 percent of the region's daily {rips by public transpor-
tation (1). Seeking to move toward this goal, the Santa
Clara County Transit District in 1976 undertook a study
of the engineering and economic feasibility of imple-
menting a light-rail transit (LRT} system within five
designated study corridors representative of typical con~
ditions encountered in Santa Clara County. In addition,
an alternatives analysis was undertaken as part of this
study; it included consideration of a mumber of different
bus alternatives (2).

The five corridors designated for study by the county
totaled 56 km (35 miles) in length. They were selected
for a variety of reasons, including ready availability of
right-of-way, the need to provide service o portions of
the county that lacked major highway links, and expected
relief of traffic congestion, The right-of-way conditions
encountered in these corridors generally fell into three
major categories that had distincily different design con-
ditions, The first type of right-of-way consisted of Iand
that was originally purchased for major freeway facilities
that may never be built. These rights-of-way are quite
wide; they vary from 46 to 76 m (150 to 250 ft) in width.
The second category involved the use of excess land ad-
jacent to existing rail lines. These rights-of~way were
generally narrow—=23 to 30 m (75 to 100 ft)—and had a
single freight track down the center of the right-of-way,
The third right-of-way category involved the use of the
medians of arterial streets. These median strips either
already exist or could be readily created by reconstruc-
tion and widening of the streets. Many arterial streets
in Santa Clara County have sufficiently wide rights-of-
way to permit a raised median of 7.6 to 9.1 m (25 to 30
ft} for two LRT tracks. In most cases, however, this
would also require closing a number of minor cross
streets and eliminating most left~turn lanes, which
would affeet Iocal traffic cireulation,

In order to minimize the capital cost, as well as for
other congiderations, it was decided that the study should
focus principally on at-grade construction, with no un-
derground facilities at all; aerial construction would be
used only where it would be clearly advantageous to do
50.

DESIGN STANDARDS CONSIDERED

The first LRT design standard to be considered was based
on 2 review of modern Eurcpean LRT design practices.

It was termed the base-cage design alternative and rep-
resents a workable solution that could be implemented
with a high degree of safety, It may not, however, be
completely in conformance with the existing regulatiOns
of the California Public Utilities Commission {(PUC) and

is not completely consistent with the stated reguirements
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of the Southern Pacific Transportation Company (SP) for
_possible joint use of railroad rights-of-way. In the base
"case, the light-rail vehicles (LRVS) to be used were as-
Sumed to be capable of accelerating at 1.3 m/g” (4.3 £t/
s%) to a top speed of 100 km/h (60 mph). Station loca-
tions were selected that resulted in an average spacing
of 1.3 km (0.8 miles) throughout the five study corri-
dors. Station dwell times were assumed to be 10 to 15
s on the average.
case was a fully reserved, at-grade right-of-way with
traffic signal preemption at'all cross streets. Grade
separations were provided only at cressings of freeways
and heavily congested arterial streets, The average
LRT operating speed resulting from ail of thesé condi-
tions was estimated to be about 43 km/h (27 mph).
- The SP-PUC design standard did try to fully meet
the requirements of the PUC and the S8P. It featured
t complete grade separation of railroad and LRT facilities
at all railroad crossings (including spur tracks) and a
. separate, fenced right-of-way when. the LRT alignment
" was at grade and adjacent to a railroad line,
/ A lower cost design standard assumed a muumal-
cost LRT system that shared right-of-way and bridge
structures with the railroad wherever possible, had
grade separations only at freeway and railroad main-
line erossings, and had a minimal signaling and control
system. Its average speed was estimated to be about
35 krn/h {22 mph).
/ The higher cost LRT design standard differed from
the base case in that additional structures provided for
W_pl\ejc_e_g_r_a:d_jewﬂa@gatmn of all major arterial streets
and all railroad main and branch Iines; increased
amenities andhigher afchitectiral design standards
were provided at stations; and improved landscaping was
provided along the route. Some at-grade crossings of
railroad spur tracks and minor cross streets were still
permitted, however, The resulting average speed was
estimated to be about 51 km/h (32 mph).
The comparison helow further defines the differences
among the four LRT design standards -described above
(1 km = 0.8 mile).

Item Base Case  SP-PUC  Lower Cost  Higher Cost
Guideway, km ’
At grade 53.84 43.66 55.19 42.60
Aerial 4.13 9.32 2.78 15.37
At-grade crossings
Highway 58 . 48 61 24
Railroad 15 0 16 3
Stations
At grade 38 33 41 18
Aerigl 5 1 3 26
Estimated avg
speed, km/h 43 43 35 b1

CAPITAL COSTS

The upit costs used in preparing the estimates of capital
costs for each transit alternative were based on the
latest available information, including bid prices, man-~
ufacturers' estimates, and data developed recently by
De Leuw, Cather and Company for similar transit
studies in Pittsburgh, Denver, and Los Angeles, as
well as a national LRT study sponsored by the Urban
Mass Transportation Administration. Prices were up-
dated to June 1976 dollars, and adjustments were made
for specific construction-cost conditions currently pre-
vailing in Santa Clara County. It is important to note
that these study cost estimates were very general and
were based on limited field investigations and conceptual
development of the alternatives. Although this provided
a valid basis for comparison, more detailed cost esti-
mates would eventually be required for the selected al-

The right-of-way assumed in the base -

. tingency allowance for unforeseen items.

ternative. A contingency allowance of 25 percent was
included to cover unexpected or unforeseen costs that
might arise during detailed design or construction.

The LRT capital cost estimates considered such in-
dividual cost elements as guideways; trackwork; power
supply; control and communications; stations and stops;
parking lots; street, railroad, and utility relocation and
reconstruction; yards, shops, and maintenance facilities;
right-of-way acquisition; vehicles; agency costs; design
preparation and construction supervision; and a con~
The capital
costs for each of thé four design standards, summarized
in Table 1, were all based on the five-corridor network
specified by the county and involved a combination of the
rights-of-way described earlier. For all design stan-
dards except lower cost, a six-axle articulated LRV
similar to the Boeing Vertol car was assumed. For
the lower cost alternative, purchase of used and re-
conditioned Presidents' Conference Committee (PCQ)
vehicles (such as the San Franmsco cars) was as-
sumed.

The cost for the SP-PUC standard is higher than that’
for the base case primarily because of

1. Increased guideway costs for the addition of grade
separations at all railroad crossings,

2. Increased guideway costs for a 2.4-m (8-ft) high
fence in sections that are at-grade and adjacenttoa
railroad,

3. Adchtlonal station costs where stations had to be
aerial rather than at grade,

4. Additional station costs for pedestrian overpass
structures over railroad tracks at appropriate stations,
and

5. Increased right-of-way costs wherever the align-
ments are at grade along a railroad to cover the addi-
tional cost of the wider section required for a separate,
fenced transit right-of-way.

The capital costs for the higher cost standard varied
from the base case design alternative principally in the
following areas:

- 1. Guideway costs were significantly higher because

of additional grade separations,

2, Bignalization and control costs were lower because
of fewer at-grade crossings,

3. Landscaping costs were increased to allow for
some additional beautification,

4. Additional station costs were included since some
stations had to be aerial, and

5. BStation costs were increased to allow for addi-
tional architectural design treatment and amenities.

For the lower cost design standard, the major sources
of differences from the capital costs of the base case
were

1. Lower vehicle costs as a result of the assumed
purchase of refurbished PCC vehicles,

2. Lower guideway costs due to fewer grade separa-
tions and the sharing of freeway crossings with the rail-
road wherever possible on existing railroad structures,
and

3. Lower overall control costs since there would be
a minimal signal system with no automatic train protec-
tion system (but some increased control costs due to
more at-grade crossings or signals and gates).

It can be seen from the data presented in Table 1 that
varying the assumed LRT design standard significantly
affects the system capital costs. Using the SP-PUC
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"Lower Cost *

Table 1. Capital cost estimates for the four LRT design standards. . Base Case P Higher Cost
. . Cost Element {$000 0005) {$000.0008): (3000 000s}. ~ ($000 000s) .
" Guideways S 559 19.55 48,15 120.89
Trackwork s 25,55 . 2555 ¢ 25.55 25.55 -
. Electrification 29.83 . 28,83 2083 . . 29.83
Control : 27.24 25.96 12.16 22,05
Landscaping ) 2.15 2,15 . 2.15 4,25
Noise barriers - X 0,61 o 0.81 . 0.61 0.61
Stations 2.85 : '5.75 2.05 . 17.00
Parking lots 18,30 18.30 .. 18,30 . 18.30
Street reconstruction 11.45 11.76 11.45 9,66
Relocation of railroad tracks 1,40 1.40 1.40 1.40
Utility relocation 1.70 . Lo : L - 110
Right-of-way 17.60 "15.02 17,60 14,54
Vehicles 33.76 33.75 4.69 33.75
Communications - . 0.29 0,29 0.38. 0.29
Yards and shops 10.00 10.00° 10.00 10.00
Yard right-of-way 0.86 T 0.86 - 0.86" " 0.86
Agency cost 28.66 31.50 22.5% 31.28
Tatal 267.53 293.98 210,43 347.98
MNote: Dollar figures shown are June 1876 dollars and include a 25 percent contingency allewance on ali efements except
agency costs.
Table 2. Projected operating requirements, annual costs, and fare ways noticeably d_1ffex_' ent from the. base case and con-
revenues for the four LRT design standards. sequently was estimated to attract the same. patronage.
The higher cost LRT design standard, on the other hand,
Al én:}:all could be expected to have average operating speeds ahout
nnu 2hicle . Iy =
. Vehicle Kilometers Fare 20 percent higher than the base case since it would ex-
Design Fleet Hours Operated Annual Cost Revenues i : i
Standard - Size® Operated (000 000s) {$000 0003} {$000 000s) perlenc? fewer,tranSIt d'elays as a result of more grade
separations at intersecting cross streets. The lower
Pase rase e ot M E o cost design standard would use older vehicles, which
Lower cost 175 140000 4.6 5.85 2.43 would have lower performance capabilities, and would
Higher cost 45 100 000 4.8 .00 3.40

Note: 1km = 0.6 mile.

?Vehicles are simflar to the Boeing Vertol LRV, except for the lower cost alternative, which is hased on
single-unit vehicles like the PCC cars.

standard instead of that for the base case would result
in a cost about 10 percent higher, while the higher cost
and lower cost alternatives would result in 30 percent
higher and 21 percent lower capital costs than the base
case respectively. The total difference between the
most costly and least costly LRT design alternative was
$137.53 million; this is more than 65 percent of the
estimated cost of the lower cost design alternative, This

results in an average capital cost per kilometer that
varied from_$3é§ million to $6.0 million ($5.8 million
to $9.6 million/mile) depending on the design standard

assumed.

Where absolute capital cost is of prime importance
in transit mode selection, it is obvious from the above
figures that the LRT design standard assumed will be
of great significance. Most cities, however, will wish
to base their choice of a transit system on a much
broader set of criteria than capital cost alone. The
following sections of this paper illustrate the impact of
alternative LRT design standards on such other key
areas as patronage, operating costs, and other factors
needed to judge overall system cost-effectiveness. To
place these in perspective, comparable figures for all-
bus surface alternatives and a busway alternative are
then presented.

SYSTEM PATRONAGE

A disutility factor model was used to estimate patronage
on the LRT network and its supporting collection and
distribution local-~service bus system (2). It was found
that the use of this model produced a base-case patron-
age forecast for the LRT system of 10 000 peak-hour
riders in 1990; there would be an additional 11 500 riders
on the local bus network, This combined transit rider-
ship represented about 5.5 percent of the total expected
peak-hour travel in the county in 1980,

The SP-PUC design standard would not operate in

algo encounter additional street intersection delays; it
would therefore have average speeds about 20 percent
lower than the base case, These variations in average
speed of operation were used to estimate corresponding
differences in probable LRT ridership demand.

The estimated elasticity of transit ridership in re-
sponse to average line-haul transit speed was found to
be 0.7 in the Santa Clara County patronage-forecasting
model. Thus the higher cost design standard was esti-
mated to gain 14 percent more riders than the base case,
while the lower cost design standard was estimated to
attract 14 percent fewer riders,

SYSTEM OPERATIONS, OPERATING
COSTS, AND FARE-REVENUE

- ESTIMATES

The cost~effectiveness comparisons and economic analy-
ses for the different LRT design standard alternatives
are dependent on both annual operating costs and fare-
box revenues, Operating and maintenance costs were
developed for the various design alternatives based, in-
sofar as was possible, on experience with similar sys-
tems elsewhere (updated to June 1976 cost levels) and
adjusted to the specific conditions anticipated for Santa
Clara County. Analytical cost data obtained in past
studies were also used to temper the empirical cost
data. The results are shown in Table 2.

Although there is no noticeable difference between the
SP-PUC alternative and the hase case, the lower cost
LRT alternative is significantly different., Since it would
employ smaller, single-unit PCC-like vehicles, 75 of
these would be required to handle the same passenger
loads as 45 large, articulated LRVs., Its average speeds
and passenger demands would be about 20 and 14 percent
lower respectively than those of the base case. The
same unit cost was used to arrive at an annual operating
cost figure of $5.85 million, which is about 6 percent
higher than that of the base case alternative.

The higher cost alternative would have an average
operating speed about 20 percent higher than the base
case, resulting in a corresponding increase in ridership
demand and, consequently, an increase in the vehicle-
kilometers of service required of about 11 percent. The
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unit cost would be somewhat lower (about 5 to 10 per-
cent) due to increased vehicle utilization. The higher

cost alternative was projected to cost $6.0 million/year -

to operate, or 8.5 percent more than the base case.

Table 2 also presents the annual fare revenues esti-

mated for each of the design alternatives. Assuming
a base fare of 25 cents, fare revenues ranged from a
low of $2.4 million to a high of $3.4 million.

COST-EFFECTIVENESS EVALUATION

Benefit/cost analyses were performed for each of the
alternatives, and transit efficiency measures, such as
costs per passenger and costs per passenger kilometer,
were examined. For comparative purposes, data were
prepared for the various bus alternatives that were also
under consideration in the Santa Clara study. The com-
posite findings for economic cost-effectiveness are pre-
sented in Tables 3, 4, and 5. The data displayed in
these tables clearly show that the different cost-
effectiveness measures atiributable to the varying LRT
degign standards are so closely grouped that they pro-
duce the same conclusions when compared to corre-
sponding measures for the various bus alternatives
analyzed.

Benefit/Cost Caleulations

Two types of benefits were evaluated: primary benefits
and potential additional benefits, Primary benefits
were {ime savings for continuing transit-users, time
savings for nondiverted automobile users, cost savings
for diverted automobile users in automobile operating
and maintenance expenses, savings in parking costs,
reduction in highway accidents, and time savings for
commercial vehicles. The potential additional benefits
were those that might be attributable to containment of
urban sprawl, reduction in costs of owning second and
third automobiles, and time savings for nonwork trips,
Discount rates of 7 percent, 4 percent, and 10 percent
were used in view of the current lack of unanimity re-
garding the appropriate discount value for studies of
this kind,

The benetit/cost ratios for each of the transit mode
alternatives and the design alternatives, both with and
without the potential additional benefits, are shown in
Table 3. It can be seen for instance that, at an assumed
7 percent discount rate, the benefit/cost ratio for the
LRT design alternatives ranged from 0.83 to 0.91; the
value for the base case was 0.87. Far more imporfant
changes are attributable to varying the discount rate,
which results in a benefit/cost ratio of 1.14 at 4 percent,
and 0.71 at 10 percent for the base case LRT design.

If potential additional benefits are included, the base-
case benefit/cost ratio at a discount rate of 7 percent
increases to 1.24. It was also assumed that the busway
alternative could be implemented under a variety of de-
sign standards. Consequently, the benefit/cost ratio
for the busway alternative followed a pattern similar to
that for LRT. Much smaller ranges are noticeable for
the other two bus alternatives.

In no case was the relative ranking of LRT in com-
parison with the bus alternatives dependent on the design
standard assumed. The absolute value of the benefit/
cost ratio for the LRT system was more dependent on
the discount rate used and whether or not potential ad-
ditional benefits were included than on the design stan-
dard assumed.

Transit Efficiency Measures

Transit efficiency measures are criteria used for eval-

uating alternative transit systems in terms of their eco-
nomic efficiency in attracting and moving passengers.
They are concerned only with the quantity of direct tran-
sit use and service produced by the alternatives and the

. direct costs associated with providing these.

The productivity measures and costs used in the fran-
sit efficiency analysis are based on the patronage levels
forecast for 1990. Thus, the transit efficiency analysis
is a snapshot in time; that is, the measures depict the
efficiency of the trangit alternatives at one projected
patronage level. The relative transit efficiency of each

alternative may be significantly different at other patron-

age levels. However, no attempt was made to measure
the efficiency at different patronage levels or to deter-
mine the cumulative efficiency over the life of the fran-
sit system, The LRT system, which has larger vehicles
capable of operating in trains, is particularly capable,
for example, of absorbing additional patrons with only
minimal cost increases, whereas bus-oriented systems
generally show cost inereases almost directly propor-
tional to patronage increases,

Trangit efficiency measures provide one means of
assessing the economic effectiveness of a transit invest-
ment., When viewed together with the results of the
benefit/cost analysis, they provide a more comprehen-
sive view of the relative economic effectiveness of the
systems under consideration than is possible using either
set of indicators alone.

As can be seen in Table 4, there is nearly a direct
trade-off in cost-effectiveness between the LRT and bus-
way alternatives; the former are preferred in all oper-
ating and maintenance cost categories, and the latter
are preferred in all annualized capital cost categories.
Both of the nonguideway bus alternatives are superior
to either busways or LRT in the total system capital
costs per passenger and per passenger kilometer and
inferior in measures of operating and maintenance costs.

Total system costs are the traditional bottom line in
the measure of overall transit network efficiency. In
the base case, the LRT total cost of $1.72/passenger
trip is virtually identical o that of the busway alterna-

tive ($1.71). Each has a total cost of $0.50/passenger-km

($0.31/passenger mile). This means that either guide-
way system combined with the 516-bus baseline bus sys-'
tem, which is $0.48/passenger-km ($0,30/passenger
mile), would be equally cost-effective; the slight differ-
ence reflects the longer average trip length on the guide~
way alternatives. Both the baseline bus alternative and
the bus-preferential -treatment alternative show lower
total system costs per passenger trip than the LRT al-
ternative ($1.34 and $1.61 respectively).

There were virtually no significant differences in
total costs per passenger-kilometer, Varying the design
standards for the LRT alternative did not result in any
significant changes in total system cost per passenger
or per passenger kilometer and did not produce any
change in the relative ranking of LRT in compariscn with
the bus alternatives,

Subsidy requirements (the total operating cost minus
fare revenues) represent a significant continuing cost
of the system that is nof paid for by transit users and
must be paid for by taxes from local, state, or federal
governments., The subsidies required per passenger
and per passenger kilometer are important indications
of the efficiency of a transit system, These data for the
Santa Clara County study are presented in Table 5.

The base case LRT alternative shows about 2 10 per-
cent subsidy cost advantage over the busway ($0.94/
passenger versus $1.05) because it both carries more
passengers and costs less to operate. There is a sim-
ilar difference in subsidy per passenger kilometer for
the total combined system. Actually, the significant




Table 3. Benefits, costs, and benefit/cost ratios in 1990 for the transit mode alternatives.
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Primary Benefits Only

Discount Rate of 7 Percent

Discount Rate of 4 Percent

Discount Ratio of 10 Percent

With Potential Additional Benefits

and 7 Percent Discount Rate

Annuzl Annualized Benefit/ Annual Annualized Benefit/  Annual Annualized Benefit/ . Annual Annuvalized Benetit/
Benefits Costs Cost Benelits Costs Cost Benelits Costs Cost Benefits Costs Cost
Alternative ($000 000s) (000 0COs)  Ratio (3000 000s)  ($000 000s)  Ratic ($000 00Ds}  {$000 000s)  Ratio (3000 000s)  ($000 Q00s)  Ratic
Baseline bus
system — 45.98 - - 44.49 - — 47.61 - - 45,98 -
Bus preferen-
tial treat- - .
ment 8.94 15.22 0.5¢ 8,94 14,31 a.62 8.94 16.21 0.55 11.68 15.22 0.77
Expanded bus !
system 24.38 41,03 0.59 24.38 39.62 0.62 24.38 42.58 0.57 32.74 41.03 0.80
Base case .
Busway 20.58 24.03 0.86 20.58 19,84 1.94 20.58 28.74 0.72 29.59 24,03 1.23
LRT 25.84 29,14 0.87 25.84 22.67 1.14 25.84 36.33 0.71 36.25 29.14 1.24
SP-PUC . - .
Busway 20.58 26.17 8.1 20.58 21.28 0,97 20,58 31.561 0,865 29.59 26.17 1.132
LT 25.84 3114 .83 25,84 24.02 1.08 26.84 35.06 © 0.66 26.25 31.34 1.16-
Lower cost L
Busway 16.26 22.33 0.73 16,26 18.33 0.89 16.26 26.78 0.61 24,16 ° 22.33 1.08
LRT 20,58 24,71 0.83 20.58 19.58 1.05 20.58 30.43 0.88 - 29.59 ° 24711 1.20
Higher cost . . : :
Busway 29.75 32.57 0.91 29.75 25.88 1,15 29,75 40,02 0.74 41.04 32.57 1.26
LRT 32.55 35.87 0.81 32.55 27.43 1.19 32.565 45.25 0.72 44,22 35.87 .24

MNote: Benefits and cosis ore marginal and are expressed in 1976 dollars.

Table 4. Measures of transit efficiency for the alternative modes in 1990.

Operating and

Operating and

Annual Capital Cost Capital Cost Maintenance Maintenance
Passenger per . per Costs per Costs per Total Cost per Tetal Cost per
Annual Passenger Kilometers Passenger Passenger Passenger Trip Passenger P ger P T
Trips {000 000s) (000 000s) Trip {$) Kilometer () ) Kilometer (5) Trip ($) Kilometer (%}
Thtal Incre- Total Incre- Total Incre- Total Incre- Total Incre- Total Incre- Total Incre- Total Incre-
Alternative System  mental System  mental System  menfal System  mental System  mental System  mental System  miental System  mental
Baseline bus |
system 34.3 - 2484 - 0.21 - 0.08 - 1.13 - 0.40 - 1.34 - 0.48 -
Bus preferen-
tial treat- .
ment 40.0 5.7 335.9 87.4 0.27 0.63 0.08 0.11 1.34 2.03 0.42 0.34 1.61 2.66 0.50 0.45
Expanded bus .
system 48.6 14.3 352.1 103.6 0.30 0.48 0.11 0.18 1.56 2.38 0.56 0.85 1.86 2.87 0.68 1.03
Base case .
Busway 42.9 8.6 379.7 121,1 0.49 1.60 0.14 0.27 1.22 1.20 0.36 0.21 LT 2.80 1,50 0,48
LRT 45.8 11.5 a78.7 163.3 0.81 1.79 0.18 Q.32 1.11 0.76 0.32 0.14 172 2.5% -0.50 0.47
SP-PUC
Busway 42.9 8.6 378.7 131,1 0.54 1.85 0.16 0.31 1.22 1.20 0.35 0.21 1.76 3.05 0,51 0.50
LRT 45.8 11.5 411.9 163.3 0.65 1.98 0.19 0.35 1.11 0.76 0.32 0.14 1.76 2.72 0.51 0.51
Lower cost )
Busway 41.5 7.2 377.3 128.9 0.49 1.84 014 - .26 1.23 1.29 0.35 0.18 1.72 3.13 0,51 0.43
LRT 42.9 8.6 379,17 131.1 0.54 1.85 0.16 431 .18 1.03 0.35 0.18 1.72 2.88 0.51 0.48
Higher cost
Busway 47.2 12.8 428.0 179.4 .61 1.66 0.18 .31 1.13 0.87 0.32 0.18 1,74 2.53 0.50 0.48
LRT 48.6 14.3 444,1 195.65 0.70 1.85 0.1% 4.35 1.06 0.66 0.31 0.13 1.76 2.52 0,50 0.48
Notes: 1 km = 0.6 mile.
Dollar figures shown are 1976 dotlars.
Table 5. Subsidy requirements for the alternative modes in 1990, expressed in 1976 dollars.
Operating and
WMaintenance
Coats, Including Subsidy per
SP Servico Fare Revenues Subsidy Required Subsidy per Passenger
{$000 000s) (3000 000s) (3000 000s} Passenger {§) Kilometer (§)
Total Ingre- Total Incre- Tatal Incre- Total In¢re- Total Incre-
Alternative System menlal System mental System mental System mental System mental
Baseline bus system 38.60 - 5.83 - 32,77 - 0.96 - Q.34 -
Bus prefcrential treatment 53,60 11,60 6.80 0.97 46.80 10.63 1.17 1.86 0.35 0.32
Expancled bus system 76.00 34,00 8.26 2.43 67,714 31,57 1.39 2.21 0.50 0.79
Base case
Busway 52,30 10.30 7.28 1.46 45,01 8.84 1.05 1.03 0.3 0.18
LRT 30.70 8.70 7.78 1.95 42.92 8.5 0.94 0.59 0.27 0.11
SP-PUC
Busway 52.30 10.3¢0 7.29 1.46 45.01 8.84 1.06 1.02 0.31 0.18
LRT 30,70 8.70 7.8 1.95 42.92 6.75 0.94 0.59 0.27 0.11
Lower cost
Busway 51,20 9.20 G.92 1.09 44.28 8.11 1.07 1.12 0.31 .18
LRT 50.85 8.85 7.28 1.46 43.86 1.3 1.01 0.86 0.29 .14
Higher ¢osl
Busway 53.20 11.20 406 2,23 45,14 8.97 0.94 0. 0.27 0,13
LT 61.40 9.40 8.26 2.43 43.14 G487 0.8% 0.49 0.26 0.10
MNates: 1 km = 0.6 mile,
The rotal-system subsidy requirements incinde the haseline figures in oll alternatives; the incremental subsidy requiremens ara baseel on the costs ar revenuss acorued as a result

of atternative imglonentotion ane therelore to not include baseling bus figuros.
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Table 6. Factors important in

SP-PUC o Lower Cost Higher Cost

the evaluation of four LRT
design standards. . . Dilference Difference . Difference
B Factor . Base Case Amount (#) Amount #) Araount (%)
Avg Line speed, km/h 43 43 0 5 -20 1 +20
Daily ridership (000s} 70 70 [ 80 -14 80 14
Capital costs ($000 000s) 267.5 294.0 +8.9 . T 2104 -21.3 348.0 +30,1
Operating and maintenance costs {3000 000s) 5.5 5.5 0 . 5.8 +6.3 6.0 +5.0
Capital cost per passenger, § 0.61 0.65 +6.6 .54 ~12 0.7¢ +15°
Operating and maintenance cost per passen- E
ger, $ : 111 111 0 1.18 +6.3. 1.06 5L

Total cost per passenger, 3 1.72 1.76 +2.3 1.72 0 1.76 - +2.3
Subsidy per passenger, $ 0.84 0.94 0 1.01 +7.4 0.88 -5.3
Benefit/cost ratio 1,24 1.18 -6.6 1.20 -3.3~ 1.24 0

Note: 1 km/h = 0.6 mph.

subsidy difference between the alternatives is obscured
in the system totals because of the dominance of the sub-
sidy for the baseline bus system ($32.77 million anmu-

. ally) over the incremental subsidy of $6.75 million for
LRT and $8.84 million for the busway. This difference.
is better shown by the incremental subsidy cost of $0.59/
passenger trip for LRT versus $1.03 for the busway
(which is 75 percent greater than that for LRT}; the dif-
ference is 57 percent in terms of cost per passenger
kilometer, Thus, the LRT alternative has a major sub-
sidy advantage. In comparison with the baseline bus
system, the LRT alternative will reduce the total sys-
tem subgidy required, both per passenger trip and per
passenger kilometer.

It should he noted that all LRT and busway designed
standard alternatives have subsidy requirements simw
jlar to those of the base case and that the ranking pref-
erence of LRT over busway never changes, while with
respect to the other bus alternatives it shifts only once,
Use of the lower cost LRT standard results in & sub-
sidy of $1.01/passenger. This is only slightly greater
than the baseline value of $0.96, whereas the base-case
standard subsidy per passenger of $0,.94 was slightly
lower. Such small differences, however, should be
judged with caution.

SUMMARY AND CONCLUSION

The factors found to be important in evaluating the effect
of different LRT design standards on cost-effectiveness
measures are shown in Table 6. Although the values
shown were derived from the Santa Clara County study,
they lead to conclusions that may be applicable else-
where, particularly in western cities where similar
rights-of-way are available. Thus, when these factors
were incorporated into benefit/cost and transit efficiency
comparisons with other transit modes, it was found that
the use of any one of the possibie LRT design standards
would lead to essentially the same conclusions concern-

ing the relative attractiveness of LRT and other transit

alternatives, . : :

1t should also be noted that other important mode-
comparison factors in addition to those shown in Table
6 (e.g., compatibility with local, regional, and national
plans and geals; socioeconomic and environmental im-
pacts; direction of urban growth; and community and
political support) are relevant considerations in the
evaluation and selection process,

We therefore conclude that, for the conduct of sim- -
ilar alternatives analysis studies in other areas with
similar conditions, the time and cost required {o evalu-
ate a variety of LRT design standards is neither needed
nor justified, While any one of the potential design
standards would lead to essentially the same conclusions
concerning the relative attractiveness of LRT, a base-
case standard reflecting good modern Européan LRT
design practice is recommended for purposes of com-
parison. In adopting this standard for alternatives anal-
ysis, it should be recognized that a higher level of ser-
vice and greater attraction of patronage can be achieved
but only at a greater capital cost; conversely, while a
lower capital-cost LRT design is possible, it will reduce
the level of service and the number of patrons attracted
to the service. Operating costs are also affected. These
changes due to varying design standards tend to cancel
each other out; the net result is no significant difference
in-the LRT cost-effectiveness measures and no signifi-
cant changes in its relative at{ractiveness with respect
to other transit mode alternatives.
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Network Planning for Light-Rail Transit

Gerald D, Fox, De Leuw, Cather and Company, San Francisco

A common problem in the approach to light-rail transit (LRT) planning
is the development and testing of less than optimal networks, This prob-
lem arises from an incomplete understanding of the application of the
maode and of the opportunities inherent in its application. This paper de-
scribes how unique characteristics of LRT can be exploited by developing
networks to make better use of the mode. Guidelines for network de-
velopment are described and illustrated by examples. A distinction is

made between techniques applicable specifically to LRT and those ap-
plicable to other transit modes. The concept of tuning a network (to
match the level of investment to patronage and other benefits on a
segment-by-segment basis) is presented, together with a discussion of
the advantages of retaining as many future options as possibfe in long-
range transit planning.




A number of recent urban transit development studies
and corridor studies have been based on initial assurp-
tions that establish the basic network, corridor, and
sometimes even alignments. If network decisions are
made prior to the gelection of a4 mode, however, the

transit designer is left with little opportunity to consider.

each mode in the context of a network configuration opti-
mized for that mode. For instance, a busway may have
no need for continuous construction and may be effective
with only fragmentary improvements to the highway sys-
tem. It can be designed to eliminate delay points and
maximize the main advantage of bus trangit (the one-
seat ride) through selective use of surface streets.

By contrast, a heavy-rail transit (HRT) network must
be continuous and grade separated, and it should be
laid out to secure the highest possible level of service
in major corridors in order to compensate for the need
for a higher level of feeder service and a greater pro-
portion of transfers than a bus or light-rail transit
(LRT) network, Incidentally, although the term light
rail often gives rise to explanatory contortions that seek
to link the term to car or rail weights, it is a contrac-
tion of the term light railway, which probably originated
in Britain where it is used to describe a railway con-
structed under the provisions of the Light Railways Act,
The purpose of this act was to encourage the construc-
tion of railways early in this century in areas that could
not justify the expense of building a railway to the rig-
orous standards of the time. A light railway was per-
mitted to use ungated crossings and unfenced right-of-
way, to operate without full signal protection, and to
run in street right-of-way. Light railways could be
built under a simple Light Railway Order and so did not
require an expensive Act of Parliament, Staffing re-
quirements and operating rules were less strict, and
speed restrictions were imposed on unprotected right-
of-way. The first light railways were powered by both
steam and electricity and included some high-quality
streetcar lines. Although the term still has a legal
meaning in Britain, it has also come to refer to the form
of transit now more generally known as LRT; it has no
more literal meaning than dees the analogous term high-
way.

While great attention has recently been focused on
the technology and operating characteristics of LRT,
much less has been given to the planning of test network
configurations that make best use of this mode. If al-
ternative rapid transit modes are compared on almost
identical test networks, the result is not an evaluation
of alternate modes but only of the alternate vehicle sys-
tems. Some communities have considered LRT for
specific corridors as alternatives to freeway construc-
tion or a means of establishing transit networks in ex-
isting urban freeway or railroad corriders without con-
sidering other right-of-way options. By making such
alignment decisions prematurely, the community may
foreclose the opportunity to develop a logical and effec-
tive network before it has even been considered,

It is widely held that the need for urban transit will
continue to grow in the years ahead. At the same time,
there is concern that, unless we can become proficient
at planning and constructing less costly transit facilities,
rail transit will be very largely confined to a few major
corridors in the largest cities. By contrast more than
50 cities in Western Europe now have rail transit,
mostly LRT.

A major attraction of LRT is its potential to extend
the range of rail {ransit to communities or corridors in
which a more costly transit mode is not warranted but,
while LRT may be less costly to construct, it is not
easier to plan. The complexity of its conceptual design
can rival or even exceed that of a fully grade-separated

- corridors,
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transit system since a great variety. of right-of-way = -
treatment is possible for individual segments and it en-
tails a need to interact with a broad spectrum of pro- -
fessionals, all of whom must understand the character-
istics of LRT. LRT is a relatively new transit concept, .
the best examples of which are still overseas; few can
therefore yet claim either academic or direct experience
with modern applications of the mode.

In addition to widespread unfamiliarity with the mode,
there are the lack of promotional efforts like that
mounted by the developers of proprietary modes, nega-
tive residual memories of streetears in this country,
and the desire to build big. This latter phenomenon, .
sometimes called the edifice complex, focuses on build-
ing the largest project fundable rather than matching the
technical solution to the scale of a problem; it was par-
ticularly noticeable in the 1960s in Europe when a num- -
ber of medium -sized cities (Bielfeld, Ludwigshafen,
Nurnberg, Rotterdam} planned HRT in medium-demand
In the new economic realities of the 1970s,
some cities dropped these plans (Bielfeld and Ludwigs-
hafen), while others curtajled their programs (Nurnberg
and Rotterdam) to completion of segments already com-
mitted.

IDENTIFICATION OF OBJECTIVES

The first stage in developing an effective fixed -guideway
network is to define the henefits expected from the in-
vestment, This enables the planner to seek a neitwork
that is focused on obtaining particular objectives rather
than to respond to seductive right-of-way opportunities.
Developing a fixed-guideway transit network is not an
end in itself but rather the means to achieve certain
transportation-related community goals. Although these
goals will differ for specific communities, they will
generally include many of the following:

1. To capture a larger share of the total transporta-
tion market,

2. To provide a better opportunity to hold the line on
transit operating costs {compared with an all-bus sys-
tem), :
3. To reduce the need for automobile travel and the
construction of new highway facilities,

4. To reduce the potential negative economic and
social impacts of automobile disincentive measures,

5. To establish an infrastructure to guide future plan-
ning and land-use decisions,

6. To support national fuel conservation and environ-
mental goals,

7. To provide increased capacity on the existing
street system (compared with all-bus use or mixed bus
and automobile use), and

8. Todevelop a transit infrastructure that can func-
tion effectively in a range of future energy and transpor-
tation situations,

NETWORK PLANNING CONSIDERATIONS

An understanding of the basic concepts that influence the
planning of LRT networks can save much time and lead
to a more effective planning process. Some of these
concepts address right-of-way treatments, while others
are more concerned with alignment selection. Some

are valid for any fixed-guideway transit mode, while
others are applicable primarily to LRT. Above all, each
urban area is unique, so that there is no universally
applicable approach, and a concept that is of primary
significance in one place may be irrelevant in another.
The rest of this section outlines some major network de-
sign considerations and discusses their application, pro-
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Figure 2, An example of the use of branching
to serve a sector corridor, showing average
headways in minutes,

CBD

viding examples. Wherever possible, recent examples
have been selected since these tend to illustrate the ap-
plication of planning theory in a contemporary context.

General Network Guidelines

Stop Spacing

On any guideway system with on-line stations, the maxi-
mum possible operating speed is governed by the spacing
of stops and, to a lesser extent, by dwell time and ve-
hicle performance capability. This is true regardless
of mode. In downtown San Francisco, the San Francisco
Municipal Railway's LRT subway will have operating
speeds similar to those on the parallel lines of the Bay
Area Rapid Transit System that have stops at the same
stations, It follows that lines that are regional in nature
ghould have fewer stops in order to avoid excessive
travel time, This, however, requires greater walking
time to reach wltimate destinations or more frequent
transfer to feeder services, Most large metropolitan
areas in Europe solve this conflict with a two-tier rail
gystem. Regional transit is provided by a suburban
railroad system, while LRT or HRT provides a service
with more frequent stops in the denser central area.

A few cities in the United States (Boston, New York,
and Philadelphia) have similar two-tier rail systems
but, in major metropolitan areas in which these do not
exist, the temptation to provide both types of service
with a single system should be resisted lest the result
fail to provide either local or regional travel in a sat-
isfactory manner. Rail may be suitable for regional

travel, local travel, or both. H, for example, loading
on the regional transit links is lighier and more diffused
than the local demand, then the rail transit should be
targeted for local service, e.g., up to 16 km (10 miles),
‘while the second tier is provided by a freeway-oriented
bus system that serves the longer, less heavily used
express links, .

Figure 1 illustrates the relationship between stop.
spacing and average speed calculated for the Boeing
Vertol light-rail vehicle (LRV). Since LRVs may need
to make additional stops on surface sections because of
other traffic, this will increase travel time, Figure 1
is based on a vehicle that has a maximum speed of 80
km/h (50 mph), acceleration of 1,25 m/s® (4.1 ft/s%),
deceleration of 1,57 m/s? (5.1 ft/s%), and a dwell time
of 20 s.

Access Time

Accessibility to stations plays a significant role in the
convenience and hence the use of & transit system. Each
rider must have access to the system twice (to and from
stations) on every trip. The trip made by a rider
through the system thus has different characteristics
than a trip made by the transit vehicle. High speed by
the latter is useful to the rider only if it can be achieved
without incurring increased access time. Yet high oper-
ating speed requires widely spaced stations, for the
reason outlined in the previous section; although this
station spacing may lead to faster train speeds, il may
actually lower the average rider's speed by increasing
the access time, A recent study of the Bloor line in
Toronto (1) shows that riders with between-station ori-
ging and destinations experienced an increase in average
trip time for trips of up to 8 km (5 miles) when the sub-
way replaced surface streetcars, despite the fact that
the average train speed was more than twice the speed

of the streetear in mixed traffic. Even for origins and
destinations at stations, the streetcar had, on average,
been faster for trips of up to 3.2 km (2 miles) because

of the increased headway and station access time re-
quired by the subway, Access time can thus play a ma-
jor role in transit planning that is easily overlooked;

this can lead in turn to less than optimal route design (2).

Difference Between Freeway and
Transgit Networks

¥reeway and transit networks generally have different




basic characteristics. Freeway networks are primarily
designed to avoid major trip generators; they pass in-
stead relatively close to them and rely on the surface
. street network for collection and distribution. Freeways
are almost never constructed through a central business
district (CBD), since they can serve it with less disrup-
tion by passing close to it. An effective transit network,
however, must serve pedesirian destinations; to do
otherwise requires feeder service, which increases {rip
time and operating cost. Effective transit systems must
penetrate within walking distance of major trip generators.
A further difference between freeway and transit net-
works is that freeway networks tend to have strong cir-
cumferential as well as radial links. A freeway network
that was primarily radial would experience enormous
traffic concentrations at its focal point, By contrast, a
transit network tends to have a strongly radial form with
weaker circumferentials. On a well-planned transit sys-
tem, the absence of strong circumferential routes is not
very important because most circumferentizl trips can
be made on radial lines, while radial trips can seldom
be made on circumferential lines,

Connectivity

An important consideration in any transit system is the
connectivity among the lines. Ideally, every rapid tran-
sit line should connect with every other rapid transit
line, so that any trip through the system can be made -
with only one transfer. This goal is facilitated by con-
structing through lines rather than lines that turn back
in the central city. Networks that have through lines
avoid the need for turnback and layover facilities in the
central area and are simpler from the user's point of
view. The efficient application of through routing re-
quires the interconnection of radial lines that have ap-
proximately equal demand (train-size and headway).

LRT Network Guidelines

LRT is unique among fixed -guideway modes in that the
designer may vary the right-of-way treatment (and hence
its cost) to attain an appropriate service standard for
individual segments of a network. The effective exploi-

tation of this versatility is the key to LRT network design,

Branching

Most transportation corridors in a city are shaped ap-
proximately like a slice of pie. The apex of the sector

is in the CBD but the corridor gets wider the further it

is from the center. To provide transit coverage through-
out the sector, the transit network must match the sec-
tor shape; this requires branches (Figure 2). Not only
can LRT lines be readily branched, but the quality of
construction and hence the cost of the individual branches
can be made less than that of the main line in response

to the anticipated patronage.

This is a fundamental LRT design concept since it
provides a technique for optimizing the level of invest-
ment, segment by segment, systemwide. Multiple
branching is characteristic of most well-developed LRT
networks, including Boston and San Francisco. These
systems also demonstrate the technique of varying in-
vestment on a segment-by-segment basis. The number
of branches is Hmited by headway constraints and can
seldom exceed five. New construction in Europe in
Hannover, Braunschweig, Karlsruhe, Rotterdam, and
Utrecht illustrates the contemporary application of
branching (Figure 3).
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Service Level

A related concept is the matching of service to patron-

. age demand. This is achieved both by branching and
by turning part of the service short of the outer termi-

nus of a line. Figure 4, originally prepared for another
report (3}, illustrates how Karlsruhe matches service
to demand by using both branching and short turns.

Most LRT systems exhibit similar characteristics.

CBD Options

A number of network alternatives are available for the
CBD, including grade-separated lines in subways or on
elevated alignments and lines that operate in transit
lanes on the street or on pedestrian malls. The use

of design concepts similar fo those now being tried for
bus lanes in many U.S. cities permits the application
of a variety of on-street optionis. The use of a contra-
flow LRT lane on & one-way street can simplify property
access by permitting automobiles to make left turns
into driveways. It can also simplify the development
of a traffic-signal progression to favor transit.

Overall line length or average trip length may provide
an indicator as to whether a line should be grade sepa-
rated, If a line is long, grade separation may permit
a significant saving in trip time. The freedom from
interference from other traffic tends to increase the
reliability of grade-separated lines. This is a partic-
ularly important consideration in networks that do not
have emergency detour routes.

On the other hand, surface facilities in the CBD are
less costly to build, They also offer greater accessi-
bility by providing simpler, more frequent stations, A
surface alignment can be expanded more readily to in-
crease CBD coverage or system capacity. For short
LRT lines, e.g., less than 10 km (6 miles), the lower
gpeed of surface operation is not likely to be of primary
concern since even the longest trip will be of short
duration. Most medium~sized European systems do
not plan grade separation in the CBD. Good examples
include Bremen, Braunschweig, Mannheim, and Zurich.

Capacity Limitations

One of the potential limitations of LRT is that, in heavy~
demand corridors or under conditions of future growth,
key links in the network may become overloaded. The
patronage level at which this could occur is often as-
sumed to be 20 000 or more in the peak hour, the exact
nummber depending on mode of operation and acceptable
level of crowding.

One solution to this problem is to plan for conversion
to HRT, as was done in Brussels and was once planned
in geveral other cities. This upgrades line capacity at
the cost of severing direct commection with the LRT sur-
face lines. In Brussels the conversion of pre~meiro
Line 1 changed an LRT subway with five surface branches
into a heavy-rail subway with two branches, greatly in-
creasing the use of transfers, Since, as discussed
earlier, speed is not a direct function of mode, travel
time for many riders would have been less if the line
had been upgraded with improvements on the street seg-
ments and larger cars had been used to increase capac-
ity.

The significance of this has not been lost on European
planners, The other pre-metro lines in Brussels will
not be converted to metro, and they are now being
equipped with new large LRVs. Farly in 1977, it was
decided to change the plan for the second line of Rotter-
dam's Metro to a semi-metro LRT line, even though
construction had started. The saving in cost was suffi-
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Fig_ure 3. Use of branching on new
LRT lines,
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Figure 4, Balancing service and patronage: the Karlsruhe
transit system.
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cient to pay for an additional segment of tunnel at the
west end to connect it to an existing LRT line. The
change will also simplify the construction of several
future suburban branches and give better coverage than
the proposed metro project (Figure 5). In Germany,
the pre-metro concept adopted by several cities {Stutt-

Urbanized Area
BRAUNSCHWEIG
Weststadt Line - Scheduled Completion 1978

gart, Cologne, Dusseldorf, Bielfeld, Essen) has receded

_ into the indefinite future, Superseded by more 1mmed1ate

and less costly 1mprovement concepts.

However, the capacity problem can also be approached
as an opportumty By building a duplicate section to
relieve the overloaded segment, excessive concentration
in a single corridor can be avoided, coverage in the
CBD can be increased, and each line can function as a
distributor fo the other, thus providing '‘people-mover!'
circulation in the CBD as well as the line-haul function.
The use of multiple LRT subways in the CBD is best
illustrated by the Hannover system. The long-range plan
calls for four LRT subways and one surface LRT line in
the CBD. Through the use of branching, this system
will ultimately serve no fewer than 16 radial lines (Fig-
ure §).

An additional consideration, particularly for a surface
alignment, is its ability to function in the event of an ac-
cident or other service interruption. Omn a multiline sys-
tem, alternative routing may be possible. Generally the
provision of additional turnback facilities and a short
response time for emergency services is the most eco-
nomical treatment for such situations, Bus substitution
is also occasionally an effective measure,

Operating Economy

A major reason for establishing a fixed-guideway transit
network is to reduce the rising operating cost of an all-
bus system. The implication for the network designer
is to seek to replace as many bus kilometers as possible
with the minimum of LRV kilometers. In Edmonton, the
northeast line will replace some 37 buses with 14 LRVs,
A recent line extension in Karlsruhe added a branch to
the LRT network that, by adroit operational changes, re-
placed 6 buses without the need for any additional LRVs
(Figure .

Replacing close-headway buses with less frequent
LRVs reduces bunching and improves the reliability of
the transit service. At longer headways (more than 10
min}, the potential disadvantage of the lower frequency
should be compensated by regular and reliable schedules
and timed connections with feeder services,
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economical construction of an LRT line, but this fact

Opportunity Alignments
- must never be allowed to substitute for a critical ap-

Opporturity alignments are those in which LRTcanbe .~ praisal of the service value of each segment. In Some
readily implemented, usually because of an available . -cases the uge of an obviously suitable alignment for LRT
right-of-way. Opportunity alignments often do permit has been proposed almost as an end in itself rather than
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Figure 7. Extension of LRT line to replace feedar buis in
Kartsruhe.
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as the means to achieve a transportation goal. Other
LRT proposals have been stated as a direct substitution:
10 km of LRT to replace a proposed 10-km freeway.
Such proposals can seldom stand up under detailed anal-
ysis unless a wider perspective is considered.

It is an unfortunate characteristic of many opportunity
alignments that they do not serve the places the transit.
system should serve. For instance, railroad alignments
are often not well located within the corridor they are
intended to serve since recent development has not been
influenced by the railroads. Freeway alignments are
often worse, since the characteristics of a freeway net-
work, as discussed earlier, are different from those of
a rapid transit network. Generally, freeways alsc oc-
cupy the corridors in which the existing highway network
is least deficient (and hence show less need for transit
investment). Opportunity alignments should therefore
be considered cautiously and used only when they are
well located.

Lack of negative impacts can never, of itself, be a
valid network determinant, One common but often over-
looked opportunity alignment is that of the old arterial
streets frequently found in large cities that are now by~
.passed by the construction of freeways. These streets
were often widened to increase their capacity prior to
the construction of the freeway system to which their
traffic was largely diverted. These arterial streets
frequently penetrate the heart of the corridor and serve
many of the major trip generators. By using appropri-
ate deployment of right-of-way treatments, such streets
can provide a favorable setting for an LRT median with
little traffic or community disruption and considerable
service potential.

Design Versatility

The problem of fitting LRT to an existing urban environ-
ment calls for great design versatility. Localized widen-
ing of a right-of-way to permit a station or the moving

of houses to increase their setbacks are two techniques

of potential value on major arterial streets.

The designer should not be hesitant to vary the right-
of-way treatment when necessary to achieve network
objectives, such as penetrating major trip generators
or passing through a bottleneck, that are attainable in
no other way. For instance, if the only affordable way
to penetrate a community center is to operate on a '
street, then short sections of streetcar track should be
constructed that incorporate traffic engineering mea-
sures designed fo ensure its reliable and safe operation.
Likewise, streetcar operation over a major bridge may -

"+ be feasible when the alternative of constructing a new’

alignment would render the entire line unfeasible.

Selection of an Appropriate Level of
LRT Technology

LRT can be developed at a variety of levels of sophisti-
cation. Many of the reports from Europe come from the
handful of cities that have developed forms of LRT that
have enhanced its complexity but not necessarily en-
hanced performance or economy.

It should be incumbent on designers to adopt the most
basic form of LRT that is adequate for their particular
application and meets their design goals. High-low plat-
forms, double~ended cars, high speeds, and elaborate
controls may sometimes be appropriate, but they may
also prove an unwarranted expense, as Kudlick and
Minister note in their paper elsewhere in this Report.

Exploiting At-Grade Capability

The capability to operate at grade is central to the LRT
concept. At-grade operation is usually congidered a
disadvantage and, if poorly exploited, may be just that.
The benefits must be understood to be realized. There
is a clear design dilemma. Some LRT sysiems in Eu-
rope, as in the United States, are moving toward in-
creased or total grade separation. Others, equally ad-
vanced technically, are not, Esseniially the choice re-
quires a judgmental approach, and there is as yet an
insufficient body of experience to reach a generally ap-
plicable conclusion,

For the operator, at-grade operation is always infe-
rior. It may decrease reliability and speed and some-
times causes accidents. For transit, as for highways,
grade separation leads to operational improvement.

For the trangit planner, there are other considera-
tions. At-grade operation permits the use of right-of-
way that would not otherwise be available. It increases
accessibility, changes impacts, and can make a transit
line feasible that would otherwise be too costly. Certain
specific treatments, such as redeveloping a run-down
street as a boulevard with an LRT median or constructing
an LRT and pedestrian mall, may even be better urban
design treatments than a subway alternative,

For the passenger, grade separation offers a higher
quality of service in terms of speed and reliability, but
at the expense of increased station access time and a
smaller affordable network., Which is preferable can be
decided only on a case-by-case basis by considering de-
mand, local conditions, and right-of-way options avail-
able.

TUNED NETWORK

LRT is unigue among fixed-guideway transit modes in
that the designer has the ability to vary the right-of-way
treatment (and hence its costs) from segment to segment
of the network. The effective exploitation of this versa-
tility is basic to LRT network design, A network in
which line construction costs, service levels, and pa-
tronage are proportionately matched could be described
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as a tuned network. A tuned network would exhibit most
of the following features:

1. High level of regional coverage with minimum
dependence on feeder buses;
2. Investment in line segments that is proportionate
to estimated patronage on a segment-by-segment basis;
3. Service levels that are responsive to patronage
demand on a segment-~by~segment basis, which is
achieved by branching or short turns; and

4, A CBD configuration that is appropriate to the
extent and loading of the network and is designed to
avoid overloaded links and to function in the event of a
link failure, if it is on the surface.

Although real-life constraints seldom permit the de-
sign of exactly such a network, this concept can be per-
ceived in many existing LRT systems {(e.g., Karlsruhe,
as shown in Figure 4), Figure 8 illustrates the relation-
ship between the limits of construction cost and patron-
age for a tuned network.

FUTURE OPTIONS

One of the few certainties in transit planning is the un-
certainty surrounding transportation needs for more
than a few years ahead. Consgider the change in attitude
toward public transportation over the past decade, One
prudent response to such changes is to avoid foreclosing
future options. The capability inherent in LRT to use

a variety of rights-of-way, to use low-cost branches,
and to respond to inereased capacity needs is consistent
with such a goal. It should also be noted that the direct-
current electrically powered steel wheel and the steel-
rail mode, now in use for more than 80 years, have
proved remarkably adaptable to technical evolution and
are still compatible with almost any existing or experi-
mental train-control or power conditioning technique.
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. COMPATIBILITY OF RAIL MODES

Fhe rail transit modes from streetcar to HRT have the
capability to be made compatible with each other, 2
capability that is seldom exploited (4). In Cleveland, the
LRT lines share tracks with the HRT system over part
of their length; the converse is not technically possible
since HRT trains cannot be safely operated on at-grade
LRT segments. _ T ' L
.. The new Rhein-Ruhr system. in Germany goes one step
further by using identical equipment on the grade-
separated and at-grade lines. This system will eventu-
ally consist of some 300 km (190 miles) of rail transit.
The regional lines, between urban centers, will be
largely grade separated, since high speed is requiréd. -
The local lines will use the new subways in the central
areas but operate on the surface elsewhere. Thus the .
subways will achieve higher utilization than would oceur
with only regional service, and the local lines will fune-
tion as semi-metro operations, which would not be war-

". ranted for local service alone,

The idea of technically compatible LRT and BRT is a
powerful concept of potentially great relevance in large
metropolitan areas such as Los Angeles. It has inherent
flexibility to respond to a range of future options; this is
an idea worthy of greater attention.

CONCLUSIONS

During the last decade, inferest in LRT has developed

- rapidly. The changed horizon of transit planning and the

growing awareness of limited energy and other capital
resources are forcing a search for more effective means
of serving urban travel. Effectively deployed, LRET can
meet that need, The effectiveness of LRT planning is
dependent in large part on developing test networks that
apply the mode in a manner that is appropriate to the
particular application. The concepts discussed in this
paper are intended to provide guidelines for achieving
this goal and thereby to lessen the effort invested in
studying deficient networks.
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Pre-Metro:

Conversion Now or Never

Robert J. Landgraf, Greater Cleveland Regional Traﬁsit Authority

This paper develops as a case study the 60-year experience of a light-rail
transit system that was conceived as a pre-metro line with the option for
eventual conversion to full metro or semi-metro status. |t describes the
metro features originatly included and the added facilities aimed toward
upgrading to metro. !t explains the opportunities for full conversion that
were passed by and the conflicts between incompatible regicnal rapid
transit plans'and competing rail technologies. The accumulation of fac-
tors both physical and political that finally arrested the development of
this light-rail operation are kaid out step by step. Forces and counter-
forces that acted on this system as the wider community worked slowly-
toward regionalization of transit are described. Special attention is given
to those local community concerns that finally closed the door to metro.
conversion when at last the opportunity and funding to convert seemed '~
to be available, Guidelines are developed for planners, designers, and civie
and transit leaders,

The former Shaker Heights Rapid Transit System
(SHRTS) was constructed in large part on open land to
encourage house and lot sales in the Van Sweringen
brothers' real estate development, which was begun in
1307 on the uplands east of Cleveland. From the be-
ginning, the long-term plan was that this operation
would reach its own terminal in downtown Cleveland en-
tirely independently of the street railway system. The
designers of the system called for heavy all-steel sub-
urban cars with steps and traps and for eventual instal-
lation of high platforms at locations with sufficient vol-
ume. This particular techuique was used by several
gystems from 1900 to 1930; it was really a compromise
between interurban and commuter railroad designs and
can be described as a final maturing of interurban tech-
nology. The term semi-metro is now used for at-grade
systems with high platforms.

To obtain transit service for the land development
as quickly as possible, it was decided to build SHRTS
from the outside in, by using the existing street railway
network for temporary entrance to the central city.
This was done in two stages. From 1913 to 1920, the
northern {Shaker Boulevard) branch was operated by
the Cleveland Railway under contract as a southern
parallel branch of their Fairmount streetcar line, which
began operation in 1907. Conventional single-unit
streetcars were used. Access to Fairmount Boulevard
was via Coventry Road. The combined Shaker-
Fairmount operations were entirely on private right-of-
way through a golf course and on boulevard medians as
far in as Cedar Road in Cleveland Heights. Following
a short stretch of street operation, there was consider-
able additional private right-of-way used by three car
lines from the top of Cedar Hill to Euclid Avenue,

This interurban arrangement, with its long slow ride
downtown along Euclid Avenue, was replaced in 1920
with a much faster approach that used a new high-speed
exclusive right-of-way from Moreland Circle (later
Shaker Square) to East 34th Street, At that location a
ramp provided access to the inner -city tracks of the
street railways. The southern (now Van Aken} branch
of SHRTS was alsc completed at that time. Thus, the
gystem entered its second and better-known interurban
state; it was commonly referred to as the Cleveland
Rapid Transit System. During this period it was oper-
ated under lease by Cleveland Railway, which was re-
imbursed for the sizable vperating losses. A S-cent
premium was charged for rides east of East 34th Street,
which made the total fare 10 cents, A fleet of street-
cars built in 1914 was modified for higher speed opera-

tion and converted to multiple-unit use as traffic grew;
the fleet increased from 4 cars initially to 36 by 1927,

Various combinations of streetcar routings for
SHRTS were used in downtown Cleveland while the Union
Terminal project was being completed. Although opera-~
tion on the street railways was slow because of the con-
flict with city streetcars and motor vehicles, the down-
town distribution pattern finally selected was highly ef-
fective. However, the developers of the rapid transit
system wanted to promote their own complex of new
buildings in the immediate area of the new terminal ir-
respective of the needs of their transit riders. This
was the largest American development of commercial
buildings in a coordinated group until Rockefeller Cen-
ter. It was an unanticipated outgrowth of the original
Van Sweringen rapid transit plan, which had envisioned
a subway and a simple terminal at {the western edge of
downtown, on the edge of the river bluffs, even more
remote from the center.

In 1930, operation into the Union Terminal was begun,
and the remainder of sireet running was given up at
once. A completely new operating organization was
started; its wages were lower than those paid by the
Cleveland Railway, and it had its own new maintenance
shops but the same old multiple-unit streetcars. Fares
were raised from 10 cents to 15, and riding volume im-
mediately dropped 30 percent. Some of this decrease -
must be attributed to the sacrifice of good downtown
distribution. The faster running time to the outer ends
of the branches made possible two extensions in 1930
while preserving the by-then rigidly established 1-h
round trip. Operating losses were reduced by a com-
bination of lower wages, reductions in distance traveled
made possible by a new yard at the outer end, and very
strict economy measures,

PRE-METRO FEATURES

The most conspicuous pre-metro characteristic of the
original SHRTS construction was the large clearance
envelope provided in tunnels and underpasses, These
were built to standard railroad clearances in effect at
the time of original design (cirea 1912). In addition, all
overpasses were built to Cooper E-60 loading capacity,
a typical steam railroad standard (1). The distance
between track centers was greater in cuts than on fills
or at surface level in order to allow for portal overhead
catenary supports on fills while leaving space for side
drainage and center-mounted T-shaped supports in the
cuts, Because of shortages of materials during World
War I, the line was built largely with center-mounted
concrete interurban railway poles, a temporary feature
that has lasted until today. The approach to Union Ter-
minal from East 34th Street (opened in 1930}, was built
to the original specifications with structural steel main-
line railroad catenary designed for 3000-V standards;
this demonstrates that the original pre-metro design was
still very much in the minds of the engineers. Oddly
enough, the outer extensions opened at the same time °
were given typical street railway overhead that used
center -mounted steel poles.

Platforms for the lMght-rail transit (LRT) lines in
Union Terminal were all built "'temporarily' at the top
of the rail or slightly above. The yellow pine wood used
has lasted until now, with replacement only in areas of
high wear. All stairways up to the concourse level began




their permanent construction at a high-platform level
with steps of wood from the low level to the doors, The
reverse was done in Kenmore Square in the newer part .

“of Boston's Central Subway {Green Line), where the in=

side tracks at station platforms were temporarily in-

stalled at a high level to allow later conversion to metro -

status while keeping the platforms intact.

At the time Moreland Circle was redesigned and con-
verted to Shaker Square in the late 1920s, the Van Aken
line was relocated for about 0.4 km (0.25 mile); a tedious
reverse curve with generous track centers was built to
allow for large cars, Third-rail ties were installed on
this work, just in case exclusive Shaker Heights chose
third -rail power pickup from high-platform cars rather
than the more conspicuous overhead catenary, Fortu-
nately, the third-rail idea never got beyond that one re-
location job.

METRO PLANS

Proposals were developed for permanent stations at
several locations. Most of the drawings remaining show
high platforms in 2 semi-metro style. Sirangely enough,
the only permanent station structures actually built in
the 1920s (Lynnfield, Coventry, and Courtland) all had
low platforms at commuter railroad height. This am-~
bivalence at that early date is typical of the history of
the system and is an important part of what developed
later.

Most of SHRTS was conceived in the 19208 by the Van
Sweringen interests as a high-platform line to run along-
side their Nickel Plate Railroad, and the platforms for
it in Cleveland Union Terminal were built accordingly.
Actually, when the line was finally completed in 1954,
the track level in Union Terminal was raised slightly to
conform with the modern car-floor height, which was
somewhat lower than had been planned.

Other rapid transit lines to the far corners of Cuya-
hoga County were also planned by the Van Sweringens
when their railroad empire was at its height. All these
followed existing railroad rights-of-way, except for
proposed extensions to the Shaker Heights branches,
Strangely, none of the proposals in other directions took
off crosg-country into open land. The developers were
promoting their Union Terminal complex but did not get
involved in trying to repeat their original success through
additional suburban real estate. Al new lines were in-
tended to be high-platform commuter operations imitating
the recently rebuilt Illinois Central Gulf Railway Com-
pany facilities in Chicago, which had some semi-metro
characteristics, The spacing of openings in bridges
built aver the Nickel Plate Railroad in that era allowed
for a third rail in the center strip between pairs of future
transit tracks, an interesting engineering hedge against
the later choice of technology.

Preliminary design was begun on rolling stock that
would serve the entire rapid transit network, including
the Shaker Heights lines. The surviving drawings show
a car that looks like a somewhat shrunken Illinois Cen-
tral or Lackawanna-Morris and Egsex car, It is not
clear from the plans what degree of grade separation was
to be provided, but the bridge projects already completed
in the central city assured that the inner parts of all the
lines would permit high-speed running.

This concept and its routings conflicted with a 1919
subway plan prepared for the city of Cleveland in which
the Cleveland Railway streetcars were to operate in sub-
ways downtown in the manner of Boston's Central Subway
(2). The Cleveland plan did not attempt to coordinate
the rapid transit system then coming into being with the
local street railway system, although the SHRTS street-
cars could have used the never-built downtown trolley
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subway. The 1819 plan was to include metro clearance-
standards for tunnels in case it was later decided to go
to full-scale rapid transit. -It even suggested eventual
use of long stretches of elevated railways down the main
streets of the outlying districts, a concept that would be
intolerable today; see Figure 1.

CONTINUED USE OF LRT EQUIPMENT

When the SHRTS lines began operation into Cleveland
Union Terminal, the vintage 1914 streetears leased from
Cleveland Railway were kept in use as an economy mea-
sure, The depression struck, SHRTS was taken over by.
creditors, and all thought of new rolling stock was put
aside. Survival became the order of the day. Work on
the rapid transit line to East Cleveland was abandoned,
even though structures for catenary were in place and
rail, ties, and wire to finish the job were on hand (3).

The multiple-unit center-door streetcars required
two persons in the lead unit; this causing the management
to run long trains as infrequently as possible in the rush
periods. The receivers brought in an imaginative mar-
keting person as general manager, and Soon second-
and third-hand single-unit low-capacity deluxe lightweight
interurban cars took over the evening and Sunday service
and some base-period day work (4).

When the municipality of Shakeér Heights bought the
line in 1944, the selling banks required the buyer to
agree to replace the rolling stock within a set period.
The banks wanted to encourage continuing development
of the open land the line ran to, since they were holding
many mortgages. Near the end of World War II, the
newly formed Cleveland Transit System (CTS) prepared
a plan for system conversion that involved wide use of
LRT in the outer city and inner ring of suburbs with
high-speed private right-of-way service through the cen-
tral city and used as a trunk line the unfinished rapid
transit system with short extensions on each end (5).

City service was to emphasize trolley coaches, This
plan was highty compatible with SHRTS in its arrested
form; indeed its lines were shown as elements in the
countywide network; see Figure 2,

On the basis of that endorsement of LRT and the de-
sire to keep the purchase cost down, in 1946 SHRTS
ordered (as an add-on to an order then being built for
Chicago Surface Lines) a fleet of 25 extralong multiple -
unit all-electric Presidents' Conference Committee
{PCC) cars 2.7 m (9 ft) wide. It was hoped these cars
would be compatible with the Cleveland rapid transit ser-
vices that would be built.

Meanwhile, CTS bought 75 PCC cars capable of later
conversion to multiple-unit use, The plan was to use
these new cars first in surface work until the rapid tran-
sit system was completed and then to use them on the
new service, Unfortunately, the more popular 2.5-m
(8.3-1t) width was selected, This was the width of exist-
ing Cleveland cars at the time, and it was felt that mixing
widths in street running would be hazardous. However,
this dimension is not suited to two-and-two transverse
seating ahead of the center door.

In 1953 and 1954, a group of very fine, wide PCC cars
compatible with SHRTS' new fleet became available from
the Twin Cities, SHRTS bought 20 of these to fulfill its
commitment to the banks to replace all the original roll-
ing stock, and the sellers converted 15 of them to
multiple-unit use. In recent years, these cars have been
given full two-and-two seating; they are now considered
the best in the fleet.

LRT VERSUS RAPID TRANSIT

At the end of World War 11, new management came in at
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Figure 1. Plan proposed in 1919 for a rapid transit system for Cleveland.
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CTS. Streetcars were considered obsolete, and a rec-
ommendation was made to abandon the whole street rail-
way network, including those outer parts that had been
included in the 1944 LRT plan. The rapid transit con-
cept was changed radically; a high-platform subway-and-
ground-level trunk line with no grade crossings along
the Nickel Plate Railroad route and the inmost part of
SHRTS was to intercept most of the outer-area riders
at transfer points, doing at lower cost the job that had
been plamned for the LRT network (3). Ability to run
long trains staffed by only two persons and the elimina-
tion of all street trackage were cited as great advantages
of the changed plan. Thus Cleveland was back to the
Van Sweringens' plan, with its nearly full metro charac-
teristics.

Objections were immediately made by riders, politi-
cal leaders, and citizens' groups to the introduction of
a need for transferring where none had existed before.
Also, difficulties arose in obtaining the necessary agree-
ments from the railroads for right-of-way. Another
report by the same consultants a little mare than a year
later (6) proposed alternate trunk-line routes using the
streetéar viaduct over the Cuyahoga Valley and the
median of a never-to-be-built urban freeway, This plan
recognized the option of a full return to the LRT idea.

However, the idea of high-platform service with
transfer from surface lines finally won out, as the pop-
ularity of the streetcar declined nationally. The street-
railway network abandonments were speeded up and,
well before the end of service, the 75 narrower PCC
cars were sold to the Toronto Transit Commission.
They were converted to multiple-unit use and are still
running today; this fact is brought up periodically by a
local columnist as a ''Cleveland joke."

The management of SHRTS, already committed to

half a fleet of new rolling stock, vigorously opposed the
high-platform plan, stating that it would introduce a
greaf stumbling block to the eventual unification of the
two rapid transit systems. It was claimed that operation
on the same tracks of two types of rail cars that had dif-
ferent floor heights ahd rather different weights was
inherently unsafe. A compromise plan calling for a
third track in the shared area was nearly adopted.
Nevertheless, by terms of their lease with Cleveland
Union Terminal, SHRTS was finally forced to accept a
high-platform line using the same two tracks for 4.1 km
(2.5 miles). To enhance safety, an automatic-stop sig-
nal system with trip levers on the cars was provided;
this gave surface cars the problem of false stops as a
result of snow and ice buildup at grade crossings.

A downtown subway loop distributor had always been
a vital part of every Cleveland rapid transit plap, and
SHRTS at first believed its cars would be prohibited from
building a high-platform subway because the cost to pro-
vide additional low platforms would be considered un-
justified (3). However, preliminary designs recognized
the option of both levels at the same stations. As their
consultants and those of the Cuyahoga County commis-
sioners recommended, the Shaker Heights officials in
the end decided to stay out of the proposed subway rather
than reduce frequency or add cars fo adjust for the longer
running time. Their declared nonparticipation did much
to bring about the eventual shelving of the project {7, 8).
The never-huilt loop subway with tight curves stuck TS
with a fleet of very short rail cars that were ill suited
economically to their present use. A review of the vari-
ous subway plans for downtown Cleveland since 1909
would make a full-length paper in itself and might teach
some lessons in the techniques of nonimplementation (8).

Consultants repeatedly recommended the absorption




Figure 2. Plan proposed in 1244 for modernizing Cleveland’s rapid transit system.
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of SHRTS into the far larger CTS, and the existence of
two such different types of rail equipment was always
brought up as the supposedly greatest obstacle. This
incompatibility was a false issue, of course, as is illus-
trated by the mixed-rail networks of Boston and Phil-
adelphia, which do not even ghare tracks as is done in
Cleveland (2). Talk of unification always recognized
the need to replace SHRTS' rolling stock and erect high
plaiforms along the boulevards, as for a semi-metro
system, The supposed savings entailed in eliminating
one of the two stations in the Cleveland Union Terminal
appeared attractive. The temporary low platiorms
could be abandoned, and perhaps the rental payments
for SHRTS' facilities could be avoided.

As time went on and ridership declined on both rail
systems, concepts were hinted at that seemed to call
for the abandonment of one or both branches of SHRTS
under CTS ownership and conversion of the fully grade-
separated main line west of Shaker Square to a branch
of the CTS high-platform line. This truncation would
supposedly sidestep the community resistance to semi-
metro operation and would balance the rail transit load
between eastside and westside lines, It was even sug-
gested seriously that the branches east of Shaker Square
(which have many grade crossings) be converted to bus-
way$, as was done with a Red Arrow branch in suburban
Philadelphia.

Naturally the cause of unification was hindered hy the
widespread belief that loss of contrel over SHRTS would
cause Shaker Heights to no longer have any control over
the physical characteristics of the line, half of whose
trackage and a third of whose patronage were within
Shaker Heights. Overtures from CTS to buy or lease the

line were ignored, and all attempts to develop a transfer
arrangement or joint fare failed. The only positive coor-
dination was the addition of a high platform at a little-
used station midway in the stretch of trackage used by
both systems. This improvement provided an easy along-
the-platform interchange and did much to show that the
two rail technologies might coexist in a unified transit
organization. Incidentally, that station now has a sub-
stantial volume of transfers among both rapid transit
lines and the surface bus network; it functions as a pe-
ripheral secondary downtown access point.

COMING OF THE REGIONAL TRANSIT
AUTHORITY

Like transit lines throughout the country, CTS and SHRTS
experienced deteriorating financial conditions in the late
1960s. By the early 1970s, it was obvious that survival
required tax subsidy. Regionwide unification of all tran-
sit under a sound tax umbrella became a community ob-
jective. Areawide planning studies called for expansion
of transit in several directions, much as had earlier plans
for private enterprise in the 1920s and municipal owner-
ship in the 1940s and 1950s (10).

SHRTS saw the trend towdrd tax-supported regionaliza -
tion as an opportunity for exercising some permanent
control over the character of its system while relinquish-
ing the burden of purely local tax support. A Shaker
Heights citizens' committee that had won its Jaurels de-
feating a proposed freeway parallel to SHRTS was given
the assignment of developing a well-thought-out future
for SHRTS.

Six physical alternatives were carefully analyzed; they
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Figure 3. Plan propesed in the 1970s for extending Cleveland’s rapid transit system.
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ranged from complete abandonment with bus substitution
on streets through busways and a semi-metro systems
at grade to full cut-and-cover metro. Various combina-
tions of some alternatives were evaluated, A minority
of the committee members favored conversion to a bus-
way on available right-of-way reaching nearly to down-
town Cleveland and a wide variety of options for sireet
distribution in the CBD. There was no support for con-
version to a metro or even a semi-metro system that
had platforms and clearances compatible with the CTS
system. In the end, preservation of the existing pre-
metro system was the overwhelming choice of the com-
mittee, even though it was believed that federal funding
could become available for at least the semi-metro con-
version, which would offer through routing to Cleveland's
west side and airport.

The community at large, the new Regional Transit
Authority (RTA), and the areawide planning agency all
accepted continuation of LRT for the SHRTS lines. Re-
gional plans (10) actually showed extensions of both
branches and & load-balancing LRT line on the west side
to the edge of Parma, including the option of possible
future street running in that community; see Figure 3.
In the special election held to provide funding for the
RTA, the countywide 1 percent sales tax for transit was
approved by more than 70 percent of the voters; seven
out of eight voted yes in Shaker Heights.

The agreement transferring SHRTS to the RTA pro-
vided for the purchase of new LRT cars with a total
capacity of 4000 seats by September 5, 1980, The size,
performance, and other characteristics of these cars
were closely controlled to assure the continued LRT
character of the system while providing fast service.

A federal grant for 80 percent of the estimated cost of
those cars has been authorized, and bids have been
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received from two American and several overseas man-
ufacturers. At the time this paper was written, the bid
award was imminent. '

Further provisions in the transfer agreement require
a high level of rehabilitation of the physical plant and a
specified continued maintenance program. Under the
new RTA, riders are enjoying low-fare transit through-
out the county and universal transfers between lines.
SHRTS is at long last functioning as a major trunk line
in a unified network with a high volume of transfer riding,
The future of America's best-known pre-metro in its
arrested-development form seems assured, at least for
the life of the new generation of rolling stock.

CONVERSION PROBLEMS

The outcome of this drawn~out chain of decisions and
counteractions stretching over a 60-year span casts a
cloud on the whole pre-metro idea. Here was a well-
developed and timely concept of pre-metro that did not
go metro when the opportunity came. Indeed, the federal
government was not even approached concerning whether
such 2 conversion might be funded. There are some
general lessons to be drawn here respecting conversion
of LRT to full metro or semi-metro status.

One obvious drawback to conversion in the SHRTS case
was the great difficulty of adding grade separations at
existing crossings. There were three main objections
to this.

1. Construction of grade separations would disrupt
the fabric of a mature community already undergoing
the pains of aging. Arterial road traffic would tend to
overload alternate routes during the construction pro-
cess. It was believed this activity would impair property




values, a very sensitive issue in the inner-ring suburbs.
2. Completed grade separations would take the form
either of overpasses that would obstruct the views and
cast shadows or of box cuts that would require fencing,
continual litter removal, or even a lid; the cut-and-cover
method of providing full metro service in two parallel
boulevards was regarded as the ultimate extravagance
and as hypoeritical for a community that had so vigor-
ously opposed a freeway in the same corridor.
© 3. Buch a radical change in the physieal characteris-
tics of the line would reguire a disruption of rail service
during construction, either through relocation of tracks
or by temporary substitution of bus service. Because
of the relatively light volume in each branch, where
nearly all the grade crossings are, bus substitution
carried with it the danger of permanence, It was re-
mémbered that this type of service had worked well in
1968 for 5 d when 15 rusted-out poles fell over on the
Shaker-Green branch,

A second major drawback to metro or semi-metro
conversion was the whole matter of style. High-platform
rail lines at surface level would probably not be tolerated
in boulevard center strips through residential areas,
evenif there werea highdegree of grade separation, The
cars are too big, the platforms introduce too many aes-
theticproblems, and the need for safetyprotectionby fenc-
ing the gates is thought to be greater than for LRT lines.

An additional drawback was the belief that the danger
of accidents between motor vehicles and rail cars would
be magnified for a semi-metro system with grade cross-
ings. This may have been a false issue, since new LRT
cars can be as heavy, as fast, and nearly as high to the
floor as high-platform cars. It was felt that federal
agencies funding semi-metro service would require full
protection (erossing gates with lights and bells), Con-
sidering the 0.5 km (0.3 mile) avérage spacing of cross
streets in Shaker Heights, this apparatus at such frequent
intervals was viewed as highly objectionable by the com-
mittee planning the line's future.

GUIDELINES FOR PRE-METRO
DEVELOPMENT

This case study on what did not happen to SHRTS provides -

guidelines to those planners who want to build a pre-
metro system and keep the conversion option really open
over a reasonable period of time. If these points cannot
be followed, then including pre-metro characteristics

at the beginning may be unnecessary, and the additicnal
costs to provide them might be avoided in favor of a
somewhat lower cost straight nonconvertible LRT sys-
tem. Following are the guidelines.

1. Do not wait 50 years or more to face the conver~
sion question, The built-in resistance to change may
become overwhelming.

67

- 2. Plan the grade separations in the f1rst place a,nd
keep the needed property clear,

3. Do not use a boulevard center strip in an area of
single-family houses 1f you ever expect to be able to
convert,

4. Do not be mystermus about your ultlmate plans
make sure the community knows from the beginning that
conversion is an option that is being kept open.

5. Do not get into a se¢ond generation of purely LRT
rolling stock; convert before that occurs or abandon the
idea of conversion.

6. Do not change your plan in favor of keeping the
LRT status quo and then expect to be able to change it
back to metro conversion.

7. Do not mix any nonconvertible elements into the
system ag time passes; doing so gnres comifort to the
standpatters, '

8. Never allow rivalry centering om choice of ra11
technology to develop between two transit agencies; pride’
may become stronger than reason,

9. Do not study the conversion question to death;
changing times will bring everything full circle and pro-
vide studies to support every viewpoint.
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Governmental and Public Constraints to

the Implementation of Light-Rail

Transit in Dayton, Ohio

Jack L. Jensen and Ronald G. Rude, Transportation Coordinating Committee;

Dayton, Ohio

This paper discusses the local, state, and federal governmental and insti-
tutionai constraints to the implementation of light-rail transit. The ex-
periences of the Dayton region are used in an attempt to draw broad-
basad conclusions and general recommendations applicable to other
medium-sized urban areas. The planning process that led to the selec-
tion of the light-rail mode in Dayton is also described.

There are a number of local, state, and federal institu-
tional constraints that can be expected in the implemen-
tation of Hght-rail transit (LRT) systems. These con-
straints will particularly apply to an area that has no
existing rail transit facilities. Due to the simplicity of
the concept and technology, LRT provides a great deal
of flexibility in planning, design, and building, but here
the simplicity ends. The governmental and public con-
straints that must be overcome make the job much
tougher than it looks on the surface. Despite the design
or technical advantages of a new LRT system, sucha
system is an unfamiliar and sometimes costly competitor
to established travel modes. The public, loeal govern-
ment, and technical agencies are experienced with plan-
ning, funding, improving, and cperating highway and bus
transit systems, In contrast, LRT is an unknown that
makes demands on the imagination and resources of
voters, elected officials, and technicians. Using the
experience of Dayton, Ohio, as an example, we will out-
line the problems encountered at all levels of govern-
ment in the implementation of an LRT system. An at-
tempt will also be made to draw broad-based conclusions
and general recommendations applicable to other
medium-sized cities.

First it is important that we define the mode of trans-
portation being considered. One problem that has been
encountered at both the local and federal levels is a mis-
understanding of what LRT is, The public and even the
chief agents in transportation planning often do not know
what LRT is and what it can do, For those with a high-
way background, LRT might be compared to the express-
way, which has control of access and some at-grade in-
tersections. Heavy-rail transit or commuter rail may
be thought of as the freeway of transit-—total gseparation
of grades and complete control of access. Bus transit
can be thought of as the arterial system of transit and
feeder buses as the collector system.

LRT, as envisioned for Dayton, would consist of a
rail guideway system whose route configuration may in-
clude portions that are not grade separated. LRT may
operate in city streets with vehicular traffic or in re-
served right-of-way with vehicular crossings at inter-
sections. Light-rail vehicles {LRVS) are electrically
powered, are capable of operating singly or in trains,
and can be constructed to accommodate loading from
either high or low platforms.

DAYTON PLANNING PROCESS
A description of the Dayton LRT proposal and a brief

history of the transportation planning process that led
to the selection of the light-rail mode will be given.

This historic overview will be used as a basis for point-
ing out the constraints and problems that have been en~
countered and how some of them have been resolved,
although others remain. Many of these constraints are
typical of those faced by other communities throughout
the nation and should be anticipated by any area seeking
to implement LRT. The review of the planning process
will show the logical connections among the long- and
short-range planning efforts within the region as well as
spell out the series of steps that have earried Dayton to
its present status. ]

Dayton has a population of more than 200 000 in a
metropolitan area that contains about 850 000 people.
The need for some form of fixed -guideway transit facil-
ity was recognized by area planners in the early 1960s.
During that time, a regional transportation plan was de-
veloped and adopted that called for high-speed transit
service in three corridors to the southeast, northwest,
and northeast of the Dayton central business district
{CBD). As in most urban areas in the 1960s, Dayton
devoted most of its energies to the implementation of
highway facilities: A unique opportunity presented itself
in 1970, when the U.S5. Department of Transportation
(DOT) announced it was accepting applications for its
Urban Corridor Demonstration Program. The purpose
of this program was to demonstrate ways of improving
peak-period flow into downtown areas. The Dayton re-
gional transportation planning agency submitted an ap-
plication to evaluate the use of an abandoned railroad in
its southeast corridor. A grant was awarded, and a
number of alternative transit systems were analyzed.
Near the completion of the study, the plamning agency
and its consultants were ready to recommend a busway
to serve the corridor; however, due to the increased
interest in LRT technology in the United States, concerns
about jurisdiction, and a particularly vocal private
citizens' group, it was decided that LRT should be given
further consideration.

In 1972, the region requested funds from DOT to
evaluate the feasibility of LRT service in the corridor.
In October 1973, a feasibility study was completed, and
its conclusion was that this wag a feasible {ransit mode
for the Dayton area., A comparative evaluation was then
made of the busway and LRT, and in December 1973
the regional transportation policy board instructed its
staff to take the necessary steps toward implementing
the LRT system,

During the first half of 1974, a committee made up
of representatives of the six jurisdictions in the corridor
developed a formula for allocating the local funding share
of the program. In the last half of 1974, a preliminary
implementation application was prepared for submittal
to the Urban Mass Transportation Administration (UMTA)
and the Ohio Department of Transportation. The applica-
tion was formally submitted by the Miami Valley Re~
gional Transit Authority in January 1975.

During UMTA's 11-month review of the application,

a number of meetings were held in Dayton and in Wash-
ington, D.C., to discuss the program. In December




1975, UMTA rejected Dayton's preliminary application.
UMTA {felt that Dayton did not have its nonfederal funds
securely committed and that sufficient consideration had
not been given to alternatives to an LRT system. In
responding to the question of other opticns, Dayton’s
regional transportation planning agency has prepared a
work program for conducting an alternatives analysis

as required under UMTA's September 1976 regulations.
The guestion of local-share funding will be addressed
below.

PROPOSED RAIL TRANSIT SYSTEM
FOR DAYTON

(As it is now envisioned, the route for Dayton's south-
ieast corridor would use LRT technology in g 95 percent
fgexclunsiij__e » right-of-way system connecting downtown
‘"Dayfon with commmunities extending about 19.6 km (12,2
:ﬁxiles) southeast to Centerville via, a_currenfly_under-
| jused freight branch of an existing railroad system. This
' would be the Tirst of several lines proposed to serve
the metropolitan area. The program meets the essen-
tial criteria of performance and cost for a mass trans-
portation system serving a medium-sized city. Off-
the-shelf technology and equipment will be used and a
well-located railroad right-of~way requiring a minimum
of remodeling is available, Since feasibility studies
have indicafed that this mode is applicable to the Dayton
region, it is important to note that the geographic and
demographic characteristics of this area closely re-
semble those of other urban areas throughout the United
States.

The roadbed for most of the route will consist of a
double track with continuously welded rail and resilient
pads between the rails and ties to ensure quiet opera-
tion, There will be 15 stations. They are to be simple
but attractive and functional., There will be boarding
platforms for both directions, bus loading -areas, auto-
mobile pickup points, and parking areas. A total of
2700 parking spaces is planned at 7 of the 8 southern
stations at which the necessary property can be easily
acquired, Feeder buses will operate on a demand-
-responsive basis out of a number of stations to provide
flexible, convenient access to the system, Feeder-bus
schedules will be coordinated to match arrivals and
departures of rail vehicles so as to minimize transfer
delay.

RS;il cars for the gystem will use an overhead elec-
tric power source and standard-width track. The LRV
required for the Dayton system is a single-unit car
that seats 55 passengers and has the ability to operate
in trains of up to four units. The cars will be able to
average 56 km/h (35 mph) while making 15 stops. At
many points along the corridor, they will be able to
attain speeds of up to 80 km/h (50 mph). A trip from
one end of the line to the other will require 22 min, The
same trip by automobile currently takes 35 to 45 min
during the peak hour. Service would be provided at all
times except early morning hours, when freight service
‘would continue to be provided for industrial customers.

The capital investment in the system will be about
$65 million, or about $3.3 million/km ($5.3 million/

i mile). This system offers most of the advantages of

\more complicated and expensive facilities currently
being planned or built; however, the Dayton proposal
is much more cost-effective and can be implemented
in a relatively short time,

CONSTRAINTS TO IMPLEMENTATION

Barriers to the implementation of LRT service have
been encountered at the local, regional, state, and
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federal levels. These consiraints have proved to be
somewhat different from those that affect other modes
and seem to be unique fo LRT for the medium-sized city.

Local Consiraints

The first category of constraints concerns thbée at the '
loeal level. Local questions involve which corridor
should be developed first, how the local cost of the

~ project should be divided, which ageney should operate

the system, who should subsidize the system once it is-
in operation, and what are the land-use implications of .
LRT. The complexity of local concerns in the Dayton -
area is indicated by the fact that the first line proposed.
would serve 4 municipalities and 1 township, all of which
are in one county. The ultimate rail system currently
being evaluated would serve 13 municipalities and 10
townships and involve the cooperation of two counties. - .

The mid-1860s regional transportation plan for the
Dayton area called for three high~speed transit lines
serving the Dayton CBD. The one to the northwest
would provide transit to the city's most densely popu=~
lated residential area. The northeast line would serve
Wright-Patterson Air Force Base (which has 27 000
employees), Wright State University, and the city of
Fairborn. The southeast route would serve the more
affluent suburbs and areas that contain substantial por-
tions of the region's elderly population.

When the area planners selected a corridor for eval-
uation in the Urban Corridor Demonstration Program,
the southeast corridor was chosen because of the avail -
ability of an abandoned railroad right-of-way, It was
felt that the projects selected by DOT would need to have
some unique characteristics, and at that time the federal
agencies were particularly interested in preserving
railroad rights-of-way for transportation purposes.
Therefore, funding for implementation of the southeast
line was requested first because advance studies had
been completed for this routing.

When the various communities were passing resolu-
tions of support for the preliminary application for the
southeast LRT line, the city of Dayton requested assur-
ance that work would continue toward implementation
of the other two corridors, because it was felt that these
two lines would be more beneficial to Dayton residents
than the southeast route, which served a number of
suburban communities as well as the city of Dayton,
This assurance was given; the regional transportation
plan was reevaluated for these three corridors as well
as four others that were being studied in detail with
respect to requirements for the year 2000.

One constraint that develops at the local level in the
early stages of a project involves how the project is
visualized, The initial reactions of some officials to
consideration of an LRT proposal for the southeast
corridor of Dayton suggested that in their minds the
transit line was a cne-way facility in the outbound direc-
tion. Ofificials in the center city saw the potential of
allowing the commercial activity of the city to travel
outward to suburban shopping areas., They also saw it
as an aid to the more affluent residents of the city to
move to the suburbs and have easy transportation access
to their downtown jobs, Officials in the suburbs, on
the other hand, in some cases saw the project as a way
of bringing the socially deprived to their community.
The planners, in one sense, also saw the proposed line
as a one~way facility inbound, since they and the pro-
moters of LRT pointed to the developmental value of
such a service to the center city and downtown activities.
The planners also saw the system as providing an alter-
nate mode of travel to suburban residents, i.e., pro-
viding mobility to the young and the elderly in the sub-
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urbs that is not readily available {o them in an
automobile-dominated system.

All of these conceptions had to be addressed and the
fears overcome. One must not overlook such problems
in developing major transit facilities in a regional plan.
Some of these perceptions depend on the current con-
cerns of other planning services in the region. If, for
instance, the housing opportunities plan is currently
generating a great amount of discussion, then the issues
related to housing opportunities become issues of the |
transportation corridor; if it is not a matter of current
concern, then those issues may not provoke a con-
straint, Each area must examine its current activities
and anticipate how they affect one another as they go
into the planning process for a particular project,

There have been no further problems in Dayton re-
garding the selection of the line to be buiilt first; how-
ever, this is an item that must be given serious consid-
eration in the initial stages of any planning process. A
compromise among the needs and desires of all the com-
munities involved must be reached in order for the ju-
risdictions to continue to work together toward the
implementation of a staged, coordinated, and compre-
hensive system.

A second local constraint involves construction fund -
ing. Where the local cost of a program of this magni-
tude would come from is certainly a basic question for
the jurisdictions involved. Assuming that 80 percent
of the cost would be provided through an UMTA capital
grant, a committee made up of representatives of the
six jurisdictions (four cities, a township, and a county)
involved in the Dayton program was formed to decide
the source of the remaining 20 percent, the local share,
The committee members, who were appointed by their
respective councils, board, or commission, spent 4
months dealing with a number of compiicated formulas
involving existing and forecast land use and service
areas and weighed the various schemes before reaching
a decision on how to assign the local shares, The fund-
ing formula was then endorsed by each of the governing
bodies.

This approach is recommended for solving the local-
share question., There is no standard formula or ap-
proach, yet all jurisdictions must be satisfied or they
will not provide their share of the cost. Since high-level
representatives of all the comrmunities had discussed
the funding problems in detail and reached a common
recommendation to take back to their respective policy
boards, it proved easier to obtain support for the for-
mula. than if a single agency or city had proposed a
scheme. This situation has pointed out the need for ad-
ditional research in such fields as value capture, tax-
increment funding, and model funding formulas. This
research is essential and must continue to be supported
by the federal government.

The local aspects of subsidizing the deficits of cper-
ating an LRT system obviocusly must be addressed as
the issue of the feasibility of LRT is evaluated. The
problems involved in providing for that subsidy are the
same as those described in regard to capital grants.

An important issue in both cases is the definition of a
Tocal builder and operator. That problem may not be
as severe in some other urban areas as it is in Dayton,
since in some areas of the country the service area of
a single public transit authority covers the proposed
service area for such projects; in Dayton that is not
currently the case.

The problem of the operating subsidy is complicated
by the cash-flow problem in UMTA's operating assis-
tance program that is created by the slowness in pro-
cessing section 5 applications. We believe this problem
can be overcome. Sometimes the problem is partly

~ rently have rail transit service,

the result of slowness at the local level in filing the ap-
plication and all of the necessary supporting documenta-
tion (in a form acceptable to UMTA) to get the project
moving expeditiously. We have experienced cash-flow
lags of more than 1 year in the operating assistance pro-
gram as a result of the combination of slowness from
these iwo sources, :

It is apparent that UMTA would requ1re soine assur-
ance or guarantee of the local matching funds required
to subsidize the anticipated operating deficit of a pro-
posed new system before it would make any commitment
for capital expenditures. This commitment would have
to be based on the local regional transit authority's bud-
get or be guaranteed by commitments from the local
jurisdictions involved in the program. If the local com-
munities are to provide the funds, this would be based -
on a formula involving estimated operating expenses and
ridership forecasts. Given the lack of reliability that
such estimates carry, it is very difficult to get a loeal
governmental body to commit itself to such expenses;

Ancther concern of local communities will be the
land-use impact of LRT in an area that does not cur-
The Dayton implemen-~
tation application to UMTA for the construction of the
southeast line proposed a before-and-after land-use
evaluation, particularly around station sites and in the
Dayton CBD. The purpose of these studies would be to
provide other cities with a basis for estimating impacts
and to make information available for use in future cor-
ridors in the Dayton region.

The cities have been concerned about what will happen
to land use around a transit station. Will high-rise
development occur ? What will happen to land values ?
How can growth and change be controlled? What can be
expected from a joint development program or special
assessment districts? The goals and objectives of each
community involved must be given thorough considera-
tion in the planning and design of the system. It seems
logiecal that this work begin with a detailed land-~use
analysis of what currently exists within the corridor and
how the communities want these areas to develop. Many
of these land-use aspects have not been tested from a
legal standpoint; further research is necessary in this
area.

It is obvious that rail stations will have an impact on
surrounding land and, if there is proper consideration
before implementation of the transit system, the com-
munities can turn this transportation asset into a com-
plete land development advantage for their citizens. It
camnot automatically be assumed that every community
along the route wants high-density development or re-
development to oceur adjacent to the stations,

The subject of a before-and-after land -use evaluation
in the Dayton area remains a consideration within the
elements of the alternatives analysis, The major tasks
in this analysis are

1. To analyze possible needs for public facilities
directly related to the corridor,

2, To determine general development and redevelop-
ment potentials in the corridor,

3. To evaluate the feasibility of joint development
projects within the corridor,

4, To evaluate the market potentials of sites, and

5. To investigate possible value-capture techniques
within the corridor.

It is suggested that land-use evaluations at least this
detailed are required to properly develop a high-quality
transit line.




Regional Constraints

The next category of constraints deals with problems at:
the regional level, including such questions as who
should operate the System, how the right-of-way is to
be preserved, how rail freight should be handled, and
what role citizen participation should play.

Any region that implements a new type of transit ser-
vice will have to determine who will operate the system.
For the calculation of operating expenses, the consul-
tant who prepared the LRT feagibility study for Dayion
assumed that the Miami Valley Regional Transit Author-
ity would operate the system. As previously noted, the
first leg of the proposed regional system lies within six
jurisdictions, but the existing transit authority only in-
cludes two of these commmnities —the central city and
its oldest, most affluent suburb. Under this structure,
the nonmember jurisdictions would have to contract for
service or join the authority. A contractual arrange-
ment would involve a direct, annual general fund expen-
diture for the four jurisdictions; joining the authority
would require levying a 2.73-mill annual property tax
on their citizens. A third mechanism permitted under
Ohio law would have the existing authority disband and
be reconstituted as a countywide authority, This was
done in June 1976. To provide a funding base for the
new authority, the people of the county were asked to
vote a 0.5 percent increase in the sales tax, which would
have produced $7 million/year, The issue failed, and
the old two-city transit authority was reinstated. Any
single jurisdiction could operate the system, but it
would have the same problem of contracting with the re-
maining communities that the transit authority has.

In many urban areas there may not be a question as
to who the operator of the system will be. The existing
transit authority may already cover the area to which
service is to be supplied, but the proposed service area
frequently extends beyond the authority’s jurisdiction,
e.g., across a county line. In such cases, early con-
sideration should be given to the operating mechanism,

Another subject for concern in Dayton's southeast
corridor is rail freight service. There are a number
of small industries along the southern portion of the ex-
isting line that are receiving rail freight service from
a connecting railroad. The decision was made early in
the planning process to continue rail freight service in
this corridor. Due to the nature of some of the indus-
tries belng served, the expense of trucking their supplies
and products would be prohibitive, and they would be
foreced to relocate if rail service were removed. In an
effort to conserve right-of-way, it was also decided that
the transit and freight vehicles would use the same track.
The transit vehicles would operate from 5:00 a.m. to
midnight, and the freight vehicles would have the use of
the tracks from midnight to 5:00 a.m.

An additional question related to the issue of freight
service is who should operate the service. The consul-
tant who evaluated the feasibility of LRT in the southeast
corridor of the Dayton region recommended that the
transit agency should have control of all movements
along the right-of-way. Under these circumstances, the
most effective way to arrange for the freight service
would be for the crew to be employees of the transit
agency, which would operate the system as a short-line
railroad. An alternative approach would be for the tran-
sit operator to lease the freight rights to a second party,

Having the transit and freight services use the same
track is an approach used successfully in some European
cities. It has the added advantage in Dayton of replacing
a deteriorated track with a new facility that will enhance
its freight potential. However, it is recommended that
cities planning LRT facilities make every effort to
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separate the transit and freight tracks within a corridor.
This would eliminate the complicated legal entangle-
ments and operational conflicts that can evolve with joint -
use of track, In other corridors within the Dayton re-
gion, it is anticipated that railroad right-of-way would

be leased, and the transit lines will be constructed
parallel to the existing freight tracks.

In many situations in the northeastern part of the
United States, the opportunities for using low-density
rail lines are being lost, Since the Consolidated Rail
Corporation is not taking over the lines, they are being
sold to private interests. . We have proposed that either
the federal government or our state government establish
a land bank to purchase and hold all abandoned rail
rights-of-way for future transportation use.

An element that is critical to the success of imple-
menting any public improvement on the scale of & mass
transit system must have early, strong, and continuous
citizen participation. Establishing a mechanism for this
is a requirement under any alternatives analysis and is
a part of the Dayton region's work program for further
evaluation in its southeast corrider. However, the for-
mal mechanism for establishing citizen participation
already exists in the Dayton community, as it does in
most urbanized areas, through a citizens' transportation
council. This is an advisory group to the transportation
policy board; its major function is to obtain public input.

For most projects, citizen involvement must be ag-
gressively sought if any feedback is to be obtained at aill.
However, in the case of Dayton's LRT project, it was
actually a group of private citizens who forced the issue
of giving LRT further consideration at a time when the
local planners were about to propose a busway, The
group, the Citizens Committee for DART [Dayton Area
Rail Transit], prepared a voluminous report outlining
an LRT system for the southeast corridor just before a
busway report on this same corridor was released by
the regicnal transportation planning agency and its con-
sultant. Unlike the vague, often unbalanced work of the
typical ad hoc commitee, the citizens' report set out
ideas and concrete proposals that quickly gained wide
attention and support. As a resulf of their efforts, a
consultant was retained to study the feasibility of LRT
in the corridor. This group has continued since 1971
to promote the LRT plan among cifizens, business
leaders, civic clubs, and local, state, and federal poli-
ticians. Their members have also been active in na-
tional conferences on LRT.

Overall, this unofficial citizens' committee has been
effective in promoting LRT service for Dayton, How-
ever, because of their lack of knowledge of governmental
functions, the committee has often caused problems for
the regional transportation plaming agency; in some in-
stances it has actually delayed progress on the program.
It is therefore recommended that attempts be made to
direct the energies of unofficial citizens' groups or pri-
vate individuals into a more formalized mechanism, such
as a council of citizens that works more directly with the
regional transportation policy board, which can channel
citizen input to the appropriate officials and maximize
its impact., Local, state, and federal funds are avail-
able for obtaining citizen input to the planning of new
transit facilities and should be used to their fullest ex-
tent.

One of the major problems when aggressive private
citizens promote a particular transportation concept, in
this case LRT, is the occasional mixing of concepts and
ideas within their approach to promoting a mode. In
our case, for example, too often the value to a community
of land development was promoted on the basis of the
kinds of land development that occurred in connection
with heavy-rail commuter lines in and around stations.
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That issue has been mixed in with the justification for
LRT. Similarly, the idea of the ultimate flexibility to
upgrade an LRT system to a subway or heavy-rail com-
muter system has been promoted as an advantage when,
in reality, no one today can envision a city of Dayton's
size requiring that kind of rail system, For all reason-
able purposes, the LRT system is the ultimate level for
Dayton's transit system. This mix of promotional as-
pects adds to the confusion that exists in dealing with
public knowledge and public support of a transportation
maode, ‘ :

Tn our area there is another constraint that is a bar-
rier to carrying out the requirements of an alternatives
analysis. Although transportation planners can go
through the process of analyzing an exclusive busway
as one alternative to LRT in the same right-of-way, if
that is not an acceptable alternative to the citizens of
that corridor, it is not a practical alternative. The
reason it is not acceptable in this case is basically that
the public sees it as a way of putting a sirip of concrete
pavement down the railroad right-of-way so that the de-
cision can later be made to stop providing bus service
and start letting cars run on that pavement; this would
make it a backdoor way of obtaining a highway. Although
this has never been anybody's intention, that possibility
has been raised in the minds of the residents of that
corridor, and that fear can be played on by the advocates
of other modes; this has good and bad points. A good
point is that it aids in promoting the LRT concept. The
bad point obviously is that it makes redundant the alter-
native of a busway. Developing a freeway for automobile
use, possibly with bus routes operating on it, is a tech-
nical alternative and previcusly was considered for a
portion of our first corridor. But the public came to
the conclusion that it did not want a freeway, and the
Dayton City Commission has adepted an informal resolu-
tion clearly stating that it would not construct a freeway
in that corridor., This is another technical alternative
that i not politically practical and therefore not worthy
of further investigation.

State Constraints

The next area of constraints involves those at the state
level. In the Dayton area these have concerned state
participation in the local funding share and the issue of
integration of proposed intercity rail passenger service
with local operations. In the preliminary application
submitted to UMTA in 1975 for implementation funds to .
build Dayton's rail facility, it was proposed that 10 per-
cent of the financing would be obtained from the state of
Ohio. Funds for the Ohio Department of Transportation
are allocated by the state legislature on a biennial basis.
Thus, it is impossible for the state to commit funds to

a project such as Dayton's, which is estimated to take 6
years for implementation.

Assuming a total project cost of $65 million, the
state's share would be $6.5 million, If this figure were
distributed over a 6-year period, the state would need
to commit $1.1 million/year to the program. Since the
region must compete with areas such as Cleveland, Cin-
cinnati, and Columbus and a mumber of smaller opera-
tors, it is not realistic to believe that Dayton can obtain
an adequate share of available funds. It is possible that
the project could be programmed on a cash-flow basis
with a state obligation at the front end of each stage and
state funds provided at the time of contract signing.
However, UMTA's acceptance of such an arrangement
is not certain at this time.

The state funding levels and budgetary practices vary
widely throughout the country. This is an area that must
be investigated thoroughly in a region’s early planning

stages for an LRT system. Special agreements and new
legislation may be needed to assure adequate and timely
state support, o . :

The second point for consideration is the integration
of intercity and loeal rail transit service. The Ohio
Rail Transit Authority, a statewide rail transit planning
agency, entered into an agreement with a consultant in -
Fehruary 1977 to study the feasibility of high-speed in~
tercity rail passenger service in Ohio. - One or more of
the lines under consideration would connect the cities of
Payton and Cincinnati. The statewide lines would serve
a corridor similar to that served by the local line but
with a- different level of service. Again, similar plang-
are being prepared for other states, and their potential
must be considered. The question of joint use - must be
evaluated under these circumstances.

Possibly the greatest constraint at the state level is .
the fact that most state departments of transportation are
recently converted highway depariments; they generally
lack a commitment to transit and support for a fixed-
guideway concept. In Ohio we have been fortunate to
receive state support, but that support comes within the
fiscal constraints of Ohio law. To take a specific project
of this type to the state legislature for special funding
consideration produces the image of proposing pork-
barrel legislation, That image is difficult to overcome.
Our solution is to develop the nonfederal share guaran-
tees at the local level and then run cur own risks with
the state; this should remove it from the concern of
UMTA.

Federal Constraints

Since no project of the magnitude of an LRT systern can
be constructed and put into operation today without the -
assistance of federal dollars, it is necessary to comply
with federal law and regulations and to deal with the
federal bureaucracy. When most people in the transpor-
tation profession criticize the federal government, they

- address the problem of the absence of a national trans-

portation policy. While we can agree that there is not
an officially adopted national transportation policy, we
believe that in fact one does exist, even though it was
partly backed into by the adoption of laws, rules, and
regulations in areas not specific to transportation. In
fact, we contend that the national transportation policy
is supportive of a highway transportation system. It is
supportive of a long -headway diesel bus transportation
system. It is not supportive of LRT as a transportation
alternative or of transit as a major element of transpor-
tation or, for that matter, of efficiency in highway trans-
portation,

The national transportation policy puts social burdens
on the transit system without putting those same social
burdens on the highway system, At the same time, na-
tional policy stimulates suburban sprawi through loans
to middle- and upper-income persons subsidized by the
Federal Housing Administration and income incentives
based on tax deductions for mortgage costs and real es~
tate taxes, while it does not provide tax incentives for
redevelopment in the center-cily areas., People in the
transportation planning profession at all levels of gov-
ernment express platitudes about coordinated planning,
development control, growth strategies, and so on, but
we have never in the history of transportation in this
country constructed a highway or a transit facility only
because it encouraged desirable land development rather
than because it satisfied an existing need. Hence, while
we promote LRT by pointing tothe land -use value created,
those who weigh the justification for LRT look at the ex-
isting ridership, densities, and land consumption in order
to determine whether the system can be installed. In




essence, one must be able to justify a project on the
basis of need, not on the basis of creating a néed or
shaping land development. This immediately produces
a major constraint for all medium-sized and small
cities, particularly with regard to LRT.

The federal agencies are properly concerned that,
if they were to approve an LRT system for Dayton,
many cities throughout the United States could request
similar funding, and this would severely tax the capabil-
ity of the federal government to finance transit projects.
Rather than addressing the policy and priority questions.
that problem presents, the federal government has
treated LRT as a system to fall back on, one that would
cost less than constructing a commuter rail or heavy-
rail system. As long as the federal government, many -
planners, and some citizens' groups look at LRT as a
preliminary step toward commuter rail or as a means.
of investing less capital than would be required for com-
muter rail while providing reasonably similar levels of
service, we will continue to be faced with the idea that
there are not more than a dozen cities in the United
States that can expect funding for LRT, as has been
stated by past administrations.

I both planners and the federal government truly
believe that the concerns of this pation include energy.
conservation, improvement of air quality, and the pro-
vision of transportation for all our populaiion, then we
must conclude that the development of major transit
facilities is desirable. LRT systems can promote the -
shaping of land, can promote the reduction of energy
consumption and the improvement . of air quality, and
ean satisfy many of our social cbjectives. We suggest,
therefore, that what we need is not a transportation
policy but.z change in the existing transportation policy
so that it will fit all national objectives, The sugges- |
tion that one of the criteria for approving funding of an
LRT project is the assurance of public and private com-
mitment to redevelopment is merely an excuse for
procrastination. Public and private commitment fol-
lows transportation decisions or develops unrelated to
them, but it does not develop simutaneously. It puts
an undue burden on transportation planners to expect
them to develop a composite package that includes a
total land redevelopment commitment.

It is not suggested here that it is itnproper for the
federal government to have proposed and implemented
alternatives analysis regulations but rather that it is
unfair to require a literal response to those regulations
retroactively. This problem is certainly not unique to
UMTA. It exists in all of our federal agencies, If an
LRT project has evolved from a transportation planning
process, it has gone through an alternatives analysis in
the true meaning of that word, whether or not all the
specific requirements listed in UMTA's regulations have
been fulfilled. We are suggesting here that another
federal constraint arises from the length of time it takes
to develop a major project, since there is a risk that
changes in the rules and regulations will require doubling
bhack to satisfy those regulations, thus adding to the
time for development and therefore exposing it to
greater risk of changing regulations, This can entail
considerable penalties of cost and time.

The vicious circle that develops in terms of the fed-
eral requirement to agsure that there is financial com-
mitment to a project presents some interesting con-
straints, It is very difficuilt to get a local or state
commitment without a federal comunitment. What
evolves is a case of contingent commitments that depend
on the commitment of the other levels of government.

In essence, it requires a multiple cycling through fed-
eral, state, regional, and local jurisdictions before
the final funding package is totally committed.

. legislature.
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There have been many proposals at the federal level
for dealing with some of the transportation funding prob-
lems, including both (a) establishing a transit trust fund: -
and (b) breaking up the highway trust fund and creating
8 single transportation trust fund. The real problem is
that we are unable to commit funds for the long periods:
now required to implement projects and seem unwilling
to find ways of shortening that period to fif the time
frame available, The commitments that are made for
all forms of transit funding are actually invalid, al-
though they are normally lived up to. A present city .
ecouncil cannot bind a future city council; funds cannot
be appropriated beyond the current year, and funds not
appropriated are not legally committed. i

The state transportation department cannot make a
commitment beyond the monies appropriated by the
In Ohio the legislature appropriates on a
biennial basis. There is no contractual commitment
authority beyond that biennivm. One-year and 2-year
budgets do net fit transportation project schedules ex-
cept for the purchase of buses. The persistent planner
and the persistent local official, however, can overcome
these obstacles if the current administration makes
clear its position toward funding LRT projects of the type
we have defined that have evolved from a proper planning
process. It is in fact a waste of federal dollars, state
dollars, and local dollars to grant study contracts to
evaluate the feasibility of LRT projects in any city if the
basic decision has not first been made that LRT projects
are an aliernative acceptable to the federal government
in such a city. In Dayton, we are past the decision
point. We want LRT. The alternatives analysis pro-=
cess serves only to satisfy UMTA's requirements, not
to provide input to the decision-making process; this
somehow makes everything seem backwards,

CONCLUSIONS

Significant constraints to the implementation of LRT ser-
vice in DPayton cbviously still exist; after 12 years noth~
ing is on the ground. However, many barriers to the
creation of an LRT system have been overcome, and the
remaining problems are fairly well understood by those
involved in transportation planning. The problems in-
volve local, regicnal, state, and federal constraints.

Rail transit is inherently service to a corridor.
Corridor choice and staging are crucial issues. Local
governments must be involved in cooperative planning
at the earliest point, because it is these jurisdictions
that must apportion and bear the cost of the area's local
share for capital costs and operating subsidies. It is
these same jurisdictions that must control and adapt to
the land-use impacts that rail service will bring.

LRT is a latecomer to the medium-sized American
city. Its rights-of-way must be aligned through existing
patterns of land uses and established ecirculation sys-
tems. Adapting existing rail lines for LRT service
while acquiring parallel or new facilities will entail ex-
tremely high right-of-way costs. In addition, because
of LRT's operating characteristics, il is unlikely that
the proposed service area for any LRT system will
coincide with an existing governmental jurisdiction or
district, Designating or establishing a capable and ac-
ceptable operating authority is crucial for the success
of an LRT project.

Regional transportation planning agencies that propose
an LRT system should anticipate difficulties in coor-
dinating state assistance with federal reguirements, As
always, the level of funding approved may be less than
the amount felt {o be needed. An additional state con-
straint on the design and cperation of LRT commuter
systems may exist in state plans for intercity rail ser-
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vice, This factor may become increasingly significant.

A final constraint, and the one that has proved to be
the most significant in Dayton, is the amount and types
of federal assistance available and the delays met in
processing applications for this aid. UMTA'S programs
for LRT do not have sufficient priority to provide a

workable and timely source of funding. As was pre-
viously pointed out, Dayton's regional transportation .
planning agency is today back at the point reached in -
1973 —justification of a choice of mode, This is now our
most severe constraint to the implementation of LRT.

Analysis of Trans’it Alternatives

R. Craig Hupp, Southeastern Michigan Council of Governments,

Detroit

Donald N. Weisstuch, Leonard S. Wegman Company, New York*

The planning and implementation of major public works projects re- .
quire the consideration of many engineering, social, environmental,
political, and fiscal issues. In particular, the 1970s have seen nonengi-
neering issues take precedence over engineering considerations in proj-
ect planning and implementation. These issues are highlighted in a
conceptual approach based on six tests of feasibility—physical, opera-
tional, institutional, social and environmental, financial, and economic
feasibility. - This paper describes the application of this approach and
the nonengineering issues that were identified as having an effect on the
planning of a light-raél transit system in Harrisbury, Pennsylvania. The
feasibility tests were found to constitute a valuable approach because
they lead to a formal or explicit recognition of several planning issues
that are usually only implicitly recognized in planning studies. Once
they were explicitly identified, these issues could be analyzed in terms
of their impact on the planning process.

The planning and implementation of major public works
projects require the consideration of a number of en-
gineering, social, environmental, political, and fiscal
issues., It once was the case that, if the need for the
particular public works project was particularly clear,
public support was unambivalent, and fiscal resources
were adeguate, the major thrust of the planning and
implementation effort could be limited to the identifica-
tion and resolution of the engineering issues. The pro-
cess moved smoothly from planning through preliminary
and final engineering studies to construction and opera-
tion. The conception, planning, design, and initial
decade of implementation of the Interstate highway pro-
gram (1956 to 1966} illustrates a situation in which only
the engineering issues required detailed analysis. But
times have changed. The completion of the Interstate
system is now often challenged in many communities on
social, environmental, and fiscal grounds. Few, if
any, major transportation capital projects in the 1970s
can be said to have unambivalent public support or
adequate fiscal resources and, while the need for a solu-
tion to an identified problem may be clear, the best
solution is not always self-evident. We believe that
social, environmental, political, and fiscal issues are
now taking precedence over engineering congiderations
in project planning and implementation and are generally
proving to be far more difficult to resolve.

The attractiveness of light-rail transit (LRT), as
evidenced by the success of TRB's conference on LRT
in 1975 and many active LRT proposals in cities through-
out the United States and Canada, is that it offers some
hope of a compromise solution to the conflicting require-
ments of the nonengineering issues. An LRT alternative
falls between a do-nothing alternative, which offends
few interests but satisfies few needs, and a very capital-
intensive transit alternative such as conventional rapid

transit, which has the potential to satisfy many travel .
needs byt carries a high cost in social, environmental,
and fiscal resources. For example, LRT at grade or in
a shared right-of-way represents a transportation com-
promise between the inefficient existing automobile and
bus transportation system and the very efficient (from

a transportation point of view) rapid transit subway op-

eration, At the same time, it offers a fiscal compromise

because the cost of building an LRT system at grade or
in shared rights-of-way is often less expensive than a
completely grade-separated or subway system and hence
is more likely to be fundable. Thus, the revival of in-
terest in LRT indicates a growing awareness of the need
to address the nonengineering issues involved in the
planning and implementation of a major transportation
project or program.

We have developed a conceptual approach to the plan-
ning of major transportation projects that is intended to
explicitly identify and highlight all of the issues involved
in the planning and implementation of a new transporta-
tion system. The emphasis of this approach is to iden-
tify the implementability of a proposed transportation or
transit alternative through tests of its physical, opera-

tional, institutional, social and environmental, financial,

and economic feasibility.  An alternative that passes the
first five tests and outperforms other alternatives in the
test of economic feasibility should have the best chance
of being carried through to implementation. These tests
are presented schematically in Figure 1.

The tests of feasibility are summarized briefly below

{in the context of a rail study recently conducted by

{ Tippetts-Abbett-McCarthy -Stratton (TAMS) in Harris-
burg, Pennsylvania. The test of physical feasibility
‘sddressed the question of whether it was physically pos-
sible fo construct new rail services in a candidate travel
corridor. Physical consiraints were identified, en-
gineering design eriteria were established, and rough

capital cost estimates were prepared. The test of opera-

tional feasibility was intended to identify operational
conflicts with other transportation modes. If new facil-
ities were required to permit operational feasinbility,
cost estimates were prepared. The test of institutional
feasibility was intended (a) to identify all federal, state,
or local agencies; private companies; public or semi-
public authorities; and labor organizations and unions -
whose responsibilities, ownership, legal rights, and so
on would affect or be affected by the inauguration of rail
transit services and (b) to determine, as required, the

agency or agencies that should own, operate, and manage
the new transit service. A large part of the maneuvering

between the Federal Raiiroad Administration (FRA),




private railroads, and affected Iabor unions during the
recent formation of the Consolidated Rail Corporation
{Conrail) illustrates the great influence institutional
considerations can have. To a cerfain extent, institu-
tional issues are more flexible constraints than physi-
cal, operational, or fiscal factors because institutional
positions or factors can often be modified through nego-
tiation. The test of social and environmental feasibility
identified the social and environmental aspects of the
project, e.g., disruption, mobility, ncise and air pollu-
tion, accidents, and energy consumption, The test of
finaneial feasibility was basically a cold, hard look at
the magnitude of federal, state, and local financial re-
sources available to meet anticipated capital costs and
operating deficits. No matter how favorable the cost/
benefit ratio of a transit alternative, if it is not fundable
it will not be built, and its benefits will never be real-
ized. An alternative can be dropped from further anal-
ysis at any time it proves to be physically, operation-
ally, institutionally, financially, or socially and en-
vironmentally infeagible or unimplementable. Surviving
aMernatives should be compared by using conventional
techniques of economic analysis in the fest of economic
feasibility.

Figure 1. Schematic representation of the tests of feasibility of
transit alternatives.
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Figure 2, Railroads in the Harrisburg
area.
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TAMS recently completed a 3-year study of the feasibil-
ity of various long-range transit options for the Harris-
burg area as part of the Harrisburg Area Transportation
Study (HATS). The nature of the study performed and
the transit alternatives considered are described in this
section. In 2 subsequent section, the application of the .
tests of feasibility is described.

Harrisburg, the capital of Pennsylvania, is strategi-
cally located in a three-county metropolitan area of
300 000 in the south-central area of the state. Harris-
burg’s location is important as a rail hub, the railroad
gateway to the West, and the western terminus of rail-
road electrification. The rail network in the Harrisburg
area is nearly ubiquitous; it extends in six spokes to and
beyond the nearby communities of York, Gettysburg,
Carlisle, Duncannon, Dauphin, Hershey, Elizabethtown,
and Colurnbia, The location of these rail lines is shown
in Figure 2, : '

Most of the railroad facilities in the Harrisburg area
were taken over by Conrail, the quasi-public freight
railroad formed by the federal government to take over
the bankrupt railroads in the northeastern United States
in April 1975. Conrail subsequently passed to the Na-
tional Railroad Passenger Corporation (Amtrak) the con-
trol of the former Penn Central Transportation Com-
pany's main line extending from Harrisburg through
Elizabethtown to Philadelphia, Amtrak also acquired
the railroad stations at Harrisburg, Middletown, and
Elizabethtown. In this paper, the railroad lines in the
area will be referred toby their pre-Conrail designations.

Most of the raijl lines in the region are fairly active.
The Penn Central line between Harrisburg and Mechan-
iesburg serves primarily as a 14.5-km (9-mile)} freight
siding for the many industries between Harrisburg and
Mechanicsburg, The Reading Company's line from
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Figure 3. The rail transit alternativas
considered for the two corridors.
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Harrisburg through Hershey and points east is an im-
portant main-line connection to New York that will see
increased use under Conrail. The Penn Central main
line from Middletown through Harrisburg and north along
the Susquehanna to Pittsburgh is the main artery for
east~west rail freight traffic and long -distance passen-
ger service in Pennsylvania. Other freight lines in the
region are also frequently used.

For a number of years, there have been several
groups in the Harrisburg community that promoted
capital -intensive transit service improvements. They
urged that the existing railroad facilities in the Harris-
burg area be examined to determine whether they were
suitable for use by rail transit services. As a result
of controversy over several highway projects in the
adopted highway plan for 1990, the fuel crisis in 1973,
and increased public concern about an effective mass
transit system, the HATS coordinating committee de-
cided to explore the potential for rail trangit services
in the Harrisburg area, The long-range transit study
was begun in 1973 to explore these possibilities. Ifs
primary focus was the exploration of the feasibility of
initiating new low-cost rail fransit services within ex-
isting railroad rights-of-way. Several options for rail
transit services were developed and analyzed in terms
of patronage attracted, construction costs, operating
and maintenance costs, revenues, operating deficits,
and time and cost savings to affected travelers., The
scope of the study was expanded in 1974 to include an
analysis of long-range improvements to the existing bus
system as well.

RAIL TRANSIT ALTERNATIVES
The rail transit alternatives developed for the Harris-

burg region considered options for both routes and
vehicles, There are nine travel corridors or subcor-
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ridors that confained railroad rights-of-way and were
thus potential corridors for rail transit services. A
preliminary evaluation of these corridors in terms of
their tributary population and accessibility identified five
corridors that were suitable for further analysis, Pre-
liminary estimates of capital and operating costs and
transit patronage revealed that only two eorridors could
justify serious consideration for frequent, all-day tran-
sit services. These were the Lebanon Valley corridor,
which runs east from Harrisburg to Hershey and beyond
and is centered on the former Reading Company's Leb-
anon Valley branch, and the Cumberland Valley corri-
dor, which runs west from Harrisburg to Mechaniesburg
and Carlisle and is centered on the former Penn Central
Cumberland Valley branch,

Rail transit alternatives were developed in some de-
tail for these two corridors; see Figure 3. Two options
were considered for rail services in these corridors,
One, referred to as the rail and bus short system, con-
sisted of a 38-km (23 -~mile) system between Trindle
Spring in the west and Hershey in the east, operating
through Harrisburg Station and a new rail station north
of the State Street Bridge and serving the Capital Com-
plex, which has 15 000 employees. The second option,
the rail and bus long system, consisted of services be-
tween Carlisle and Palmyra, operating through the
Harrisburg and Capitol Complex stations during peak
periods—a distance of 58 km (35 miles)—and between
Mechanicsburg and Hershey during off-peak periods.

To complement the proposed rail services, several bus
routes in both corridors were developed to act as feeders
to the rail lines.

In addition to the tests of feasibility that are the prime
topic of this paper, an interesting feature of the long -
range transit study was the evaluation of existing transit
vehicles for use on the rail transit services. Two types
of rail vehicles were considered for service in the Leb-




Figure 4, Examples of rail vehicles considered for service.
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anon and Cumberland valleys: commuter ratl vehicles
{CRVs) and light-rail vehicles (LRVs); both types are
shown in Figure 4.

CRVs are lypically designed for relatively long com-
muter trips—=_8 to 50 km {5 to 30 miles)—and for higher
operating speeds, lower acceleration rates, and a higher
ratio of seats to passengers carried than typical LRVs
or rapid transit vehicles. The CRVs under considera-
tion for Harrishurg would be self-propelled eleclric cars
like the Silverliners, which are used by the Southeastern
Pennsylvania Transportation Authorily {SEPTA) in the
suburbs ol Philadelphia and on the Philadelphia to
Harrisburg services. Although these vehicles are in-
tendecd primarily for routes whose stations are at least

.of track sharing between CRVs and freight cars.
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1.6 km (1 mile) apart; Silverliners are operated suc~
cessfully on routes in the Philadelphia area that have
low-level stations spaced less than 1 km (0.6 mile)
apart. This is possible because of their relatively high
acceleration rate of 10 m/s” (33 ft/s%). The Silverliner,
like a2 number of the CRVs that operate in the New York
area, draws ils electrical power from 11-MV alternating
current in overhead wires and has on-board rectifiers
and transformers to convert this power for its direct-
current eleciric motors. Both new and used Silverliners
were considered for service in Harrisburg., New Silver-
liners currently cost about $800 000 each. It was esti-
mated that used Silverliners or New Haven 4400s could.
be purchased and rehabilitated for about $150 000 each.
Since new and used Silverliners have approximately the
same number of seats, the capital-cost advantage of
used vehicles is readily apparent.

Two LRVs were also considered, the Boeing Vertol
Btandard Light-Rail Vehicle (SLRV) and the Presidents'
Conference Committee (PCC) car. These vehicles differ
in two important respects.- The SLRV has a greater
passenger capacity than the PCC car. It can seat more
than 70 passengers and carry a total of more than 100, .
as opposed to 50 or 60 seated passengers and 80 total
passengers for the PCC car. The cost of SLRVS is now
more than $600 000, whereas a PCC car costs $160 000
including rehabilitation,

The tests of feasibility were applied to these vehicles.
Another important factor, besides the differences be-
tween CRVs and LRVs in vehicle size and electrification
systems, had to be taken into account in system design.
FRA regulations state that all rail passenger vehicles
that come under its jurisdiction must meet several
collision-strength standards, Any rail transit vehicles
that operate on active freight trackage come under the
FRA's jurisdiction.

Because CRVs meet federal standards for collision

. strength, they would be allowed to share active freight

trackage; CRV services between Harrisburg and Phila-
delphia do so today.. Rail transit alternatives were there-
fore developed for both the short and long systems that
assumed maximum use of existing trackage as a result
Cn the
other hand, LRVs must be operated on separatle trackage
because there are no LRVs that meet FRA collision
standards. Alternatives developed for these vehicles
would require less cooperation with Conrail and freight
users since scheduling conflicts would be minimized (but
not eliminated entirely) because of the required separa-
tion of trackage. The construction costs associated with
the LRV alternatives represent a reasonable maximum
for rail transit services in Harrisburg that use a shared
right-of-way.

Headways for all three kinds of vehicles considered
(Silverliners, SLRVs, and PCC cars) were sufficiently
long to permit some extended single-track operation even
though this was not reflected in the alternative track lay-
outs that were developed. The alternatives developed
for both LRVs and CRVs were primarily double-track
systems. Single-track operation would be used only in
several short sections in which construction of an addi-
tional track would require expensive earth cuts or fills
or a new bridge. This approach left some flexibility in
the system concept so that, if detailed engineering analy-
gis revealed that Conrail would not be able to share or
yield trackage or right-of-way to permit double-track
operation in certain locations, single-track operation
would be feasible, even if it were less desirable.

TESTS OF FEASIBILITY

In order to examine each alternative in terms of the tests
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of feasibility, basic information about each system was
developed, Data on the rail system (location of tracks,
gwitchyards, stations, and so on) were collected in field
surveys, The field surveys:and infterviews with railroad
employees provided information on existing railroad .
operations. Requirements for additional facilities were
identified, and cost estimates were prepared. Patron-
age estimates were prepared as a basic input for the
tests of financial and economic feasibility. They were
used to identify the fleet size required, the level of ser-
vice to be provided (and hence the operating costs), the
fare-box revenues to be generated, and the overall sys-
tem travel and time costs. ‘The financial feasibility test
also required that funding sources and their probable
level of support be identified. To this end, existing
levels of local, state, and federal transit funding were
analyzed. The economic feasibility tests required in-
formation on highway travel as well, Estimates of 1990
highway traffic were carried out for this reason. No
data base existed or could be developed within the scope
of this study to permit more than a general analysis and
evaluation of the indirect economic and the environmen-
tal considerations.

This study was carried out in a transitional period,
Conrail took over the railroads in Harrisburg less than
6 months before the conclusion of the long-range transit
study and was in no position to make long -term planning
commitments regarding rail transit services and prop-
erties it had just acquired and begun {o operate, Con-
sequently, a number of important issues identified
through the tests of feasibility were not resolvable within
the time frame of the study.

Physical and Operational Feasibility

The tests of physical and operational feasibility are
treated together here because in this study they largely
overlapped, These tests required both the identification
of constraints and the development of a design or design
approach for overcoming them and an estimation of as-
soclated capital and operating costs. The stated inten-
tion of the long -range transit study was to develop low-
cost rail alternatives for Harrisburg, Thus the tests of
physical and operaticnal feasibility were directed toward
alternatives that made maximum use of existing facilities.

The test of physical feasibility basically involved
whether a rail transit system could be built within avail-
able Conrail rights-of-way. To answer this, the rights-
of-way in the Cumberland and Lebanon Valley corridors
and the railroad facilities they contained were identified.
Information was gathered on the extent and boundaries
of existing rights-~of~way; the location of existing bridges,
structures, embankments, and other civil engineering
works; the location of existing trackage, yards, stations,
electrification, and other railroad facilities; and adjacent
land use and topography. The test of operational feasi-
bility dealt with whether existing freight and passenger
services could be maintained and whether rail transit
services could be successfully integrated with them.
Several factors were considered, including present
track use, frequency and characteristics of freight and
passenger operations, and likely trends in railroad op-
erations,

On the basis of a physical and operational inventory
of Conrail facilities and operations in the two travel cor-
ridors, a number of constraints and facility require-
ments were identified. Of primary importance was the
conclusion that existing rights-of-way could accommodate
both existing freight and new rail transit services. Over
much of the length of each corridor, vacant roadbed and
unused or little-used trackage could be easily converted
to rail transit use, although existing freight operations

would impose a number of constraints on rail transit -
services, These constraints would depend on the type
of vehicle, since CRVs would be allowed to share track-
age with freight services, while LRVs would not.

The operational challenge entailed in track layout
for an LRV system lay in developing a double-track
transit system that inferfered with a minimum of freight
sidings and left sufficient trackage available for existing
freight operations. A major rail overpass was found
to be required in one location in the. Cumberland Valley
to switch the LRT alignment from the north to the south °
side of the main-line freight right-of-way in order to
avoid a major yard and several important sidings. By-
passing another freight yard required more than 3.2 km
(2 miles) of new roadbed that used, in part, an abandoned -
interurban right-of-way that had béen taken over by the.
Reading. TForiunately, most of the active sidings are -
located on the south side of the right-of-way and have .
adequate track space or vacant right-of-way on the north
side for LRT services. Over the 58-km (35-mile) length
of the long system, 15 sidings and four through tracks
would be crossed at grade. Protective devices would be’
included as part of the LRT signalling system to prevent
LRVs from entering sections of track that have at-grade
or flat junctions if the junction were in use by freight
traing. The use of these sidings would be limited to night
hours when transit services would not operate,

A CRV alignment was developed that made maximum
use of existing trackage, a significant portion of which
would be in active use by freight trains., New construc-
tion was minimized. As a result, construction costs for
the CRV system were one-third less than those for the -
LRV system. However, because much of the trackage
would be shared, freight operations on the shared track
would be totally restricted during peak periods (4 h) and
somewhat curtailed during the remainder of the transit
operating day. Such operating restrictions could only be
imposed with the consent of Conrail. As noted earlier,
it was impossible to resolve this question at the time of
the study. Without Conrail's consent, only the LRV
alignment is operationally feasible, '

Capital~cost estimates for both LRV and CRV align-
ments were used to develop a range of costs that were
carried through the tests of financial and economic feasi-
bility. It was found that the cost of providing facilities
for rail transit services could vary by as much as 50 per-
cent depending on the amount of track sharing that would
be possible and the type of rail transit vehicle operated.

Ingtitutional Feasibility

The test of institutiohal feasibility involved the issue of
the ownership, operation, and management of new rail
transit services. This required an analysis of the inter-
action between existing institutions and the proposed rail
services and the identification of possible institutional
arrangements for the new rail services,

The regulatory institutions affected are those public
bodies at the federal, state, or local levels of government
charged with ensuring that those involved in the transpor-
tation of people and goods operate in the public interest,
i.e., both with ensuring public safety and ensuring that
there is competition between carriers at a level that
maximizes public welfare,

At the state level, the Pennsylvania Public Utility Com-
mission (PUC) bears both of these responsibilities, The
PUC had several actions under way that affected the pro-
posed rail line because they related to the safety of sev-
eral crossings, In general, the PUC's concerns for pub-
lic safety would be the same as those of the rail iransit
operating authority. Cost estimates included allowances
for upgrading the warning devices at the at~grade street
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crossings along the rail lines of interest. In the area

of the regulation of competition, the PUC awards car-
riers {ranchises that permit the carriers to oifer a de-
fined service to a specified geographic area. With the
exception of the terminus of each line, the proposed rail
services did not conflict with existing franchises held

by transit operators other than the Cumberland, Dauphin,
and Harrisburg Transit Authority, generally known as
Capital Area Transit (CAT), and its contractor, Capitol
Bus Company.

At the federal level, the agencies with the most per-
tinent regulatory powers are the Urban Mass Transpor-
tation Administration (UMTA), FRA, and the National
Transportation Safety Board (NTSB), all part of the U.S.
Department of Transportation, UMTA's regulatory
powers generally stem from the sirings that are attached
to federal capital and operating assistance grants. Pro-
visions in the Urban Mass Transportation Act of 1964
as amended require that transit projects that receive
federal funding assure the protection of affected transit
employees (section 13c), prepare an environmental im-
pact analysis, and draw up a program to accommodate
the elderly and handicapped. In addition, the act em-
powers UMTA to investigate the safety conditions of any
of the projects it funds. The FRA's regulatory authority
has been discussed earlier in this paper. The NTSB
has been actively involved in developing system safety
plans for rapid transit systems now in the design or con-
struction phase, It would be involved in the planning of
any rail transit system in Harrisburg. In addition, the
NTSB is responsible for investigating rail iransit aceci-.
dents, except in the case of commuter operations con-
trolled by the Interstate Commerce Commission.

The operating institutions that would be affected by
new rail transit services include Conrail, Amitrak,
Septa, and other railroads that have trackage rights on
the Conrail or Amtrak systems, as well as the intercity
bus services that serve Harrisburg and CAT. Amitrak
owns Harrisburg Station and the Penn Central main line
between Harrisburg and Philadelphia. Conrail owns the
remaining lines of interest, There is every possibility
that Conrail and Amtrak, the operating organizations
most affected by the rail transit proposals, will agree
to permit new local rail transit services to use part of
their facilities, but no negotiations have taken place at
any level with either, This made it impossible within
the scope of the study to unequivoeably state that rail
fransit service was institutionally feasible.

There are three operating institutions that could
operate or own new rail transit services either singly
or jointly with one or more other instifutions—Conrail,
CAT, or a new rail transit authority that could be
formed. Conrail purchased the rail lines of interest
from the bankrupt Penn Central and Reading railroads
at essentially their scrap value on April 1, 1876, Con-
rail would apply the ""dominant-user'’ criteria to deter-
mine whether Conrail or the rail transit authority
should own the facilities to be shared. In this case, it
could be argued that the rail transit service would be
the dominant user in terms of the number of trains per
day., In realistic terms, however, considering the func~
tion of the rail lines of interest, there is no question
that Conrail would be the dominant user and should own
the facilities. OQOur study assumed Conrail would retain
ownership and lease the trackage rights to the rail
transit authority, The value of the lease would be
negotiated. If Conrail were the operating agency under
a purchase-of-service agreement, part of the fees
would cover the economic value of the trackage rights,
The plan that outlined the structure of Conrail (1) set
down guidelines for the lease of rail properties and
suggested the lease value should represent a fair return
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on the value of the property used.
A totally new agency, independent of CAT and Con-'

‘rail, could be set up to operate rail iransit services.

The only advantage to this approach is that the new
agency would start with a clean slate, It would not have
any of the operating biases or political and union com-
mitments that CAT or Conrail have inherited or evolved
through time. Administratively, however, it would make
little sense to develop a new agency when there are ex-
isting agencies that ccduld provide the same services.

An alternative operating institution considered was
the local transit authority, CAT. New rail services
could be operated under its control either directly or
through a purchase-of-service agreement with Conrail.
The type of rail vehicle affects this analysis. CAT is
the best institutional alternative to operate rail transit
services that use LRVs. The union work rules under
which LRVs are typically operated are similar to typical
union work rules for buses. For example, LRVs are
operated in Newark, Pittsburgh, Boston, -and New
Orleans by locals of the Amalgamated Transit Union,
which also represents CAT's employees. CAT.-would
also carry out vehicle maintenance, There is no ad-
vantage in this case to having this function performed
by Conrail. For administrative reasons, it would be
advantageous to form a rail operating division within
CAT, This would allow policy decisions to come from
a common source while the day-to-day transit operations
of the two modes would be carried out independently.

The third alternative is Conrail, which currently per-
forms the operation and maintenance functions for rail
transit services in Philadelphia and New York. In
realistic terms, it is the only agency able to perform
maintenance of facilities and way in Harrisburg, par-
ticularly under the track-sharing option that would use
CRVs. Conrail would alsc be the logical agency to
operate the services and maintain the vehicles. Conrail
now operates and maintains a fieet of several hundred
CRVs, including Silverliners, in Philadelphia. :

If LRVs are selected, vehicle operation and mainte-
nance would be somewhat more complicated, LRVs
are typically operated under transit work rules that are
quite unlike those that ordinarily apply to CRV opera-
tions, The transit work rules by which CRVs are op-
erated, if applied to LRVS, would make LRV operation
particularly uneconomic, It was concluded that Conrail
would not be the most suitable operaling agency if LRVs
were selected.

The cperation of rail transit services also requires
close coordination with the freight services operated by
Conrail. In the case of CRVs that would share tracks
with Conrail, Conrail would surely need to have overall
dispatching control of all trains moving on the same
facilities. It would therefore be logical under these con-
ditions that Conrail operate the rail transit services,

If LRVs were used, the need for coordination is less
because no track sharing occurs; it would be more
reasonable for an agency other than Conrail to operate
the transit services.

In summary, practical institutional arrangements
for the implementation of rail transit services in Harris-
burg were identified. The ownership of rail facilities
would remain with Conrail, which would levy annual
charges for trackage rights. Rail services would be
operated under the general authority of CAT. No matter
which type of rail vehicle were selected, Conrail would
carry out maintenance of facilities and way under a
purchase ~of -gervice contract. If CRVs were selected,
Conrail would also carry out vehicle operation and
maintenance. If LRVs were selected, CAT would carry
out the same functions, Figure 5 shows these relation-
ships schematically.
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Figure 5. Options for the operation of rail transit SERVICE WITH CRVs
services.
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Financial Feasibility

The test of financial feasibility analyzed the amount and
availability of funds required to construct and operate.
transit services in Harrisburg., This test was not in-
tended to determine whether the funds would be well
spent on any or all of the various alternatives or whether
the funding sources would agree to commit the funds
over which they have control. Its purpose was to iden-
tify the possible funding sources and their resources |
and to estimate the level of capital and operating funds
required to implement the two rail alternatives under
consideration.

At the federal level, UMTA is the primary source of
fundg. The details of UMTA's funding programs are
well known and will not be discussed here. There is
an additional source, of federal funds. The Federal-Aid
Highway Acts of 1970 and 1973 permit the use of federal
urban highway system funds for the construction of fringe
parking facilities associated with public transporiation
faeilities and for bus lanes, bus priority treatments,
and fixed-rail facilities. The HATS coordinating com-
mittee could request that some urban highway system
funds be diverted to mass transit. This funding socurce
was rejected because, in light of the currently restricted
level of highway funds available in Pennsylvania for con-
struction, such a diversion would be the end of most
highway improvements in the HATS study area.

The state department of transportation, through its
Bureau of Mass Transit Systems, has been providing
both capital and operating assistance. Thus, the state
share of the total assistance required will vary accord-
ing to the federal share. If federal funding provides the
maximur 50 percent of the operating deficit, the state
share could be as much as 33 % percent and the local
share as low as 16%/4 percent, Capital and operating as-
sistance grants are included in the state budget. Their
total varies from year to year and has generally in-
creased with time, but there is no regular funding pro-
gram equivalent to UMTA's section 5 program; funds
are approved by the state legislature on an annual basis.
Requests for operating assistance now exceed the leg-
islature's level of appropriation. Unless the state leg-
islature increases its level of funding for operating as-
sistance, the department of transportation will be unable
to provide a full one-third share of each transit au-
thority's operating deficit.

Cumberland and Dauphin counties and the city of
Harrisburg provide the local share of capital and oper-
ating assistance funds out of general revenues, splitting

OR SERVICE WITH LRVs
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it 25, 45, and 30 percent respectively. - These local
sources now spend about I percent of their total budgets
on CAT, '

Capital costs include all eapital expenditures that
must be made between 1976 and 2000, including the re-
blacement of the existing bus fleet when it wears out,
expansion of the bus fleet, purchase of rail vehicles as.
required, and purchase or construction of all of the
necessary capital facilities. Operating costs include
the total cost for operating and maintaining the transit
system. Since the operating costs will obviously vary
from year to year, the estimate for 1990 was used to
indicate the likely level of overall funding required,
Total system costs for each alternative are presented
in Table 1. :

At the federal level, the capital and operating assis-
tance funding requirements can be met within existing
levels of funding. Af the state level, while capital fund-
ing requirements can probably be met, it is unlikely that
the state will be able to provide its full share of operating
assistance. The local governments that support CAT
will probably find that the combined requirements of
capital and operating assistance funding will be greater
than can be conveniently met from their general budgets.
The rail transit alternatives could easily require more
than 5 percent of their gross budgets if the state is unable
to provide its one-third share of operating assistance
funds. For the rail transit alternative to be considered
financially feasible, therefore, additional revenue
sources at the state and local levels must be developed.

Economic Feasibility

The test of economic feasibility included a complete sum-
mary of the costs and benefits of alternatives under con-
sideration in order to determine whether all of the eco-
nomic, social, and environmental benefits arising from
the proposed aliernatives outweigh their costs.

For the HATS long-range transit study, the all-bus
alternative was selected as the base alternative because
it represented a logical evolution of transit services in
the Harrisburg area. The economic comparison of al-
ternatives was limited to the travelers affected hy the
rail transit alternatives proposed for the Cumberland
and Lebanon Valley corridors. Approximately 3 800 000
passengers/year would use the rail transit services inthe
rail and bus long system in 1990. Fewer rail passengers
would be attracted by the rail and bus short system; the
difference would be attributable to automobile drivers.
Under the all-bus system, fewer still would use buses;




the difference would again be made by automobile
drivers. In effect, the three alternatives represented
different ways of carrying the 3 800 000 passengers
and are compared below on that basis,

“Rail and Bus Rail and Bus
Mode All-Bus System Short System Long System
Automobile 2090 000 500 000 -
Bus 1710000 - -
Rail — 3 300 000 3800 000
Total 3800 000 3800000 3 800 00¢

Tables 2 and 3 compare the alternatives on the basis
of quantifiable (in monetary terms) and nonguantifiable
economie factors. The all-bus alternative was found to
be the least cost alternative in quantifiable economie
terms by a margin of 10 to 15 percent. This alternative
would, however, entail higher levels of fuel consump-
tion, accidents, and air pollution. No attempt was made
to put a monetary value on these factors. The differ-
ences between the three alternatives are small in com-
parison with the total figures for the area.

This discussion has not dealt with the indirect eco-
nomic benefits that might follow the construction of a
rail transit system. The region as a whole may reap
benefits from these induced changes in several ways.
Intraregional changes in land use represent a benefit
when they lead to increased efficiency in the use of pub-
lic and private facilities. The shifting of residential
growth per se is not a net benefit, The same is true of
an intraregional shift in economic growth or vitality,
Community values enter this analysis because the com-
munity may deem a given land use or economic pattern
preferable to all others. Where the transportation im-
provement supports the preferred patiern, the commu-
nity will realize a net benefit, A revitalized downtown,
as exemplified by the Harristown project in Harrisburg,
may be a community goal. In this case, a rail transit
system, which would indeed add to downtown vitality,
would lead to net beneficial changes in land use and eco-
nomic activity. Clearly, the indirect intraregional
changes resulting from a transportation improvement,
e.g., rail transit services, must be evaluated within the
context of community goals and values.

At the interregional level, there are several possi-~
bilities of economic activity flowing into the Harrisburg
region. One form of economic growth that is easily
identified is the flow into the area of state and federal
funds to construct the rail transit system, A large part
of the funds to finance construction of the rail facilities
could be expected to remain within the area. Less easily
identified is the extent to which industries would be at~

tracted to the region from outside because of the presence

of a high-capacity rail system.

This discussion of indirect economic benefits has been
a general one because their identification and analysis
were outside the scope of the work performed by TAMS
for the long -range transit study. The magnitude of in-
direct benefits is influenced by public policy and com-
munity desires. Only when these policies and desires
run parallel to the advantages an improved transporta-
tion facility offers will the community reap significant
indirect economic benefits.

SUMMARY

The six measures of feasibility represent a systematic
way of taking into consideration the nonengineering fac-
tors that all successful transportation planners consider.
The six-test approach is a coherent and explicit way of
identifying the important issues, Its intent is to distin-
guish the most implementable alternative from the most
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economic aliernative (which may not prove to be imple-
mentable). During the Harrisburg study, the approach -
served as a logical framework for conducting an issue-
oriented planning approach by identifying the many issues
and factors not under the control of the transportation .

Table 1. Funding requirements for the three tran5|t alternatives (in . .
1975 dollars). ’

Rail and -Rail and
- All-Bus Bus Short Bus Long
. Systém  System System
Item : Percentage  ($000s) - ($000s) ($000s)
Capital cost .
Federal share 80 3200 28 000~ 44000
State share 10 400 3 500 5 000
Local share : E
Harrisburg 3 126 1 050 1500 .
Dauphin County 4.5 180 1575 2 250
Cumberland County 2.5 160 875 1250
Total 4000 35 000 50 000
Total annual operating
cost 1550 2 750 3 500
Total annual fare-box
revenue 850 1500 2 000
Annual operating deficit
Federal share 50 350 - 625 ; 750
State share 33.3 ’ 233 417 500
Local share -
Harrisburg 5 35 63 5.
Dauphin County 7.5 52 : 93 . 112
Cumberland County 4,2 29 - 52 63
Total _ 700 1250 1 500
Table 2. Comparison of the monetary costs of the three transit
alternatives (in 1975 dollars}.
Rail and Rail and
All-Bus Bus Short Bus Long
. Systemn  System System
Item - ($000s)  (5000s} {$000s)
Annualized capital cost 160 2 470 3480
Annual operating and maintenance cost
Transit 1570 2 740 3 640
Automabile {gasoline, oil, parking) 2770 1020 -
Total 4340 3760 3 640
Annual cost in passenger time
Transit 2800 4 290 5 200
Automobile 2600 900 -
Total 5400 5 100 5 200
Total annual cost 9900 11 300 12 320

Table 3, Comparison of nonmeonetary economic effects of the three
transit alternatives,

Cumberland and Lebanon Valley
Corridors Cnly
Whole

Rail and Rail and HATS
All-Bus Bus Short Bus Long Study
Ttem System  System System Area
Annual gasoline congamp-
tion, L (000g)* 3750 2200 1480 303 000
Annual accidents
Persons killed 1.4 0.6 a.8 50
Persons injured 59 36 28 4 200
Property-damage
accidents 308 140 28 26 000
Annual air pollution, Mge'
Carbon monoxide 170 71 3.6 16 960
Hydrocarbons 38 14,5 4.5 2270
Note: 1 L=0.2Ggal, 1Mg=1.1tons,
*These figures reilect an allowance for the improvements that are befng rmade to autamobiles.
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planning process. When the Harrisburg rail transit
study began, it was viewed by elected officials, local
planners, and the general public as stricfly an engineer-
ing exercise of fitting new railroad tracks within an
existing right~of-way, turning the power on, and be-
ginning transit service. Through the feasibility test
approach, TAMS was able to identify other important
factorg influencing the construction of new rail transit
service, some of which required community action and
some of which {particularly institutional issues) were
outside the community's control. The attraction of the
feasibility-test approach is not that it offers a meth-
odology for resolving planning issues bul rather that it
leads to their formal or explicit identification.
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Joint-Development Potential for

Light-Rail Systems

Stephen A. Carter, Stephen Carter and Associates, Columbia,

South Carolina

In recent years, many cities have begun to question the universal appli-
cation of conventional rapid transit {CRT) systems but have indicated a
need for a fixed-guideway soiution to their transit preblems. During this
period of technological reexamination, light-rail transit (LR T} systems
are being evaluated in greater detail to determine their capacity to meet
operational specifications. This paper isolates for discussion the poten-
tial of LRT systems to inspire joint-development opportunities like
those that have been attributed to CRT systems. Current incentives are
evaluated in terms of the similarities that exist between the development
of CRT and LRT systems. LRT's operationa! flexibility is widely rec-
ognized, This flexibility also provides new dimensions for station-area
development; the small scale {compared with CRT stations) provides op-
portunities for initiating development within areas that normally would
not be considered to have development potential. The barriers to joint
development for LRT systems are essentially the same as those for CRT
systems. The most significant barrier to a full realization of joint-
development potential is the lack of adequate private capital to realize
the full opportunity of the public investment. Under the new policy
directives for urban revitalization, several new financial assistance pro-
grams have been developed. The urban design action grants appear to
have a significant potential for use in expanding the joint-development
potential of LRT systems. Value-capture options for stimulating private
investment in joint development are currently heing given considerable
attention in demonstrations of LRT and downtown people movers. Each
rapid transit system currently under consideration must conduct an as-
sessment of the value-capture potential as part of the requirements for
federal funding. Implementation techniques are discussed in terms of
development incentives and the control mechanisms that are necessary
to guide development along the lines of community objectives.

Since there is a general professional consensus regard-
ing the physical and economic merits of joint develop~
ment, one wonders why so few valid examples exist
today. Federal agencies have invested rmillions of dol-
lars in joint-development research, yet the private de-
velopment community's reaction remains tepid at the
hour of implementation. While the number of examples
of joint development increases with each kilometer of
transit, freeway, or waterway development, there re-
mains a gap between the public and private entrepreneur.

In recent years our nation has refocused on light-rail
transit (LRT) as a valuable transportation resource, the
infrastructure for which already exists in many urban
and suburban environments. Since the cost of conven-
tional rapid transit (CRT) sometimes exceeds $30
million/km ($50 million/miie), both the federal and local
governments are locking at existing LRT rights-of-way
and considering adding to them for new or expanded sys-
tems. No one is suggesting that LRT is a panacea for
solving transportation and urban development problems,
but LRT is considerably less expensive to construct and
operate than CRT and has greater functional flexibility.

This presentation attempts to analyze the joint-
development poiential that LRT systems offer in a variety
of patterns of urban densgity and land use. The same
rationale that has encouraged cities to look more closely
at LRT for urban transporitation systems is applicable
to the joint-development opportunities. Severa. compo-
nents of the planning process for LRT and joint develop -
ment will be isolated for analysis, including (a) current
incentives for joint development, (b) current liabilities
affecting joint-development potential, (c) federal assis-
tance for joint development, (d) value-capture financing
options, and (e) implementation opportunities.

Since very few examples exist in the United States to
illustrate the joint-development potential of LRT sys-
tems, the case studies presented here will generally be
taken from CRT systems. Most of the developmental
and financial techniques are transferable and the effects
may be quite similar,

INCENTIVES FOR JOINT DEVELOPMENT

A turning point in the recognition of joint-development
planning as a workable component in the transportation
planning process came in a memorandum on the role and
responsibilities of the federal highway system in Balti-
more written by the late Charles Abrams in 1967 (1).
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The interdisciplinary concept team formed in Baltimore
at that time was one of the earliest examples of a'plan-
ning team set up to integrate the transportation engi-
neering and civic design process.

In 1969 the U.S. Department of Transportation (DOT)
commissioned a technical study to develop guidelines
for the promulgation of transportation and joint-
development planning activities (2). Case studies of.
five cities were analyzed, At the same time, the Na-

“tional Environmental Policy Act of 1969 emerged as the
most powerful piece of environmental legislation of the
decade. The act required the preparation of environ-
mental impact statements that covered the analysis of
social, economic, and physical impacts of publicly
funded projects. This served to further encourage the
use of multidisciplinary teams in the evaluation of
project impacts,

Other notable joint-development studies followed, in-
cluding the Boston transportation planning review {begun
in 1970) and the 1973 program of the National League
of Cities and U.8. Conference of Mayors to set up proto-
types for providing financial assistance for joint devel-
opment. However, most of these studies emphasized
the planning rather than the implementation process.
Not until the Young amendment to the National Mass
Transportation Assistance Act of 1974 was passed were
joint -development planning activities direcily linked to
an implementation process. .

The Young amendment permits section 3 funds to be
used to assist the establishment and funding of local
public or private corporations operating in designated
corridors and districts. The Young amendment inspired
the reconsideration of tax-increment financing as a work-
able tool for local governments to use in implementing
joint-development projects related to public investments.
In addition, ''brick-and-mortar’’ funds are now avail-
able through community development block grants from
the U.S. Department of Housing and Urban Development
(HUD). Other public funds have also been committed to
the encouragement of such projects. However, the
previous lack of coordination between federal and local
agencies and the delayed initiation of joint-development
planning in advance of system construction have stymied
local project development,

Aside from the fact that joint development tends to
make the best use of land and converging activities, joint
development is a proven method of obtaining additional
financial benefits from the creation of transportation im-
provements in conjunction with community or urban-
area improvements. Therefore, the incentives for de-
veloping integrated transportation and urban improvement
programs are economic as well as conservational in
nature. By using joint-development finaneing options,
which will be examined below, it is possible to recover
as much as 20 to 40 percent of the capital cost of transit
improvements. This quantifiable incentive, coupled
with the better use of land and the concentration of ac-
tivities, can be a significant factor in the integration of
the transportation and urban development planning and
implementation processes.

Do these economic, physical, and social incentives
apply to LRT systems? They certainly apply to the con-
sideration of new or extended LRT systems, and they
have limited application to improvements in existing
systems. Beyond lower capital and operating costs, one
of the most significant advantages of LRT systems is
functional flexibility., This advantage is magnified when
joint-development opportunities are explored.

An early misconception about the feasibility of joint
development concerned the physical size of the develop-
ment site, Recent LRT joint-development projects in
Toronto have illustrated that, even if station size and
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the development gite are restricted, there can be sue-
cessful integration of land use and economic activity.
There is a tendency to consider joint-development solu-
tions only in conjunction with high-rise air rights devel=
opment, commercial centers, or high-density residential
developments. While the potential economic refurn from
joint-development activities such as these is greater, it
should only reflect the proportional public investment in
the transit station at these sites. '

Since the intensity of use of LRT stations is lower
than that for CRT systems, the scale of development can
also reflect a lesser impact. This is not to imply that
LRT stations do not have the same joint-development
potential as CRT stations; it simply accepts that the |
density patterns that dictate the need for CRT rather than
LRT systems will probably prevail in measuring the im-
pact of joint development.

CURRENT LIABILITIES AFFECTING
JOINT-DEVELOPMENT POTENTIAL -

Several factors may exist in an area that act as disin-
centives for meeting joint-development objectives. These
local liabilities are usually attitudinal rather than func-
tional in nature but are, nonetheless, real barriers fo
realizing the full potential that can acerue to integrated
development. In certain environments, there are in-
stitutional barriers to implementation opportunities, but
rarely are there barriers to the integration of planning
activities, The effort for change must be consistently
directed toward the institutional barriers but have an
equal focus on the financial disincentives that fester with-
in outdated institutional frameworks.

Several institutional barriers exercise financial, le-
gal, or planning constraints that prevent the full recogni-
tion of joint-development potential. A local government
must be able to separate those barriers that are en-
trenched in legal restrictions from those that are attitudes
developed over years of using a single-purpose planning
and implementation process. The construction of any
fixed-guideway system is a large enough financial venture
to require a comprehensive approach to planning and im-
plementation activities. Ii therefore represents an ap-
propriate opportunity to scrutinize existing institutional
structures for possible improvements and to direct any
creative impulses toward refinement of the process.

Planning Barriers

Several impediments to joint development appear in the
early phases of the planning process. One major barrier
is the absence of an organizational sponsor or catalyst

at any level of local government. Often several agencies,
groups, or organizations are suitable and capable of
being prime sponsors, but the institutional framework

or attitudes of a community may prevent one from
emerging. This condition or attitude can produce an ap-
proach to transportation and land-use planning that ad-
dresses these elements separately rather than in an in-
tegrated process. Key decisions are often settled by
default rather than through an open decision-making
process, The result is that public and private interests—
the merger of which is essential to the success of joint
development—are in conflict.

In many communities the analytical techniques neces-
sary for defining the level and intensity of interaction
between land use and transportation are not developed.
The value of perishable data sources is often not defined
in a manner that facilitates before-and-after impact
montitoring. Similarly, nonperishable data sources are
organized for single-purpose use {e.g., analysis of hous-
ing supply and demand) rather than accumulated in a
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comprehengive fashion, thereby facilitating early anal-
ysis of the potential benefits of joint development. The
impetus for joint development is sometimes lost in the
time-consuming feasibility-analysis stage of transit and
joint development planning. A comprehensive data base
reduces the delays that often erode local interest.

Financial Barriers

The financial constraints on the public and private sec-
tors form the greatest barrier fo the potential success
of joint development projects. One simple but major
constraint is that the economic advantages of joint de-
velopment are either unknown to or not accepted by local
government officials, This is especially true in cities
that are considering fixed-guideway systems for the
first time. Since the Center Ciiy transportation project
study on joint development was completed in 1070 (2),
considerably more research and development funds have
been devoted to providing joint development data fo local
governments for specialized use. In addition, new fund-
ing programs of DOT, HUD, and the Economic Develop-
ment Administration {EDA) have provided information
and encouragement to local governments that are con-

. sidering joint development activities, HUD's urban de-
velopment action grants offer still more potential for
implementation funds,

Given the growing role of various federal agencies
in joint development, the privale sector should be more
receptive to risking venture capital. To date, this has
been the greatest shortcoming of joint development pro-
posals, since real or imagined barriers have discouraged
the investment of seed capital by private entrepreneurs.
Traditionally, the private market seizes on land devel-
opment opportunities that are created by the convergence
of favorable economic, social, and political conditions.
Except for the need to obtain building permits, environ-
mental certifications, or zoning approvals or to fulfill
other government-imposed requirements, the private
market is virtually free to select the best use of a
property. .

In joint development all of these factors apply, but
the initiating market stimulus is a public decision to «
invest tax revenues in a capital-improvement project,
regardless of the best use of the property. The private
market must then adjust to this government-sponsored
activity and reestablish the profitability of a transit
station in relation to other surrounding land uses. For
this reason, joint development often relies on the gov-
ernment to assume 2 leadership role in initiating the
condition for private investment, and the ultimate suc-
ceas of joint development is dependent on the adoption
of consistent goals for public and private economic in-
vestment.

Legal Barriers

Many states and localities do not have an existing legis-
lative base that encourages joint-development planning
or implementation programs. For example, laws gov-
erning the exercise of eminent domain are not uniform
for all transportation modes in all states. The result
is that each joint-development project must be con-
sidered as a special legal case, which hinders the
transfer of experience between projects. This barrier
is gradually being removed as more court decisions have
upheld the rights of localities to acquire property in
excess of construction rights-of-way to implement proj-
ects for the public good.

Many states do not have laws that allow tax-increment
financing for public-private joint ventures. Without this
financing tool, a valuable catalyst for joint development

is lost. The public, generally speaking, remains largely. -

uninformed or uninterested in this financing option; a
local bond issue suffered defeat in Dade County in late
1978. : :

The creation of public development corporations re-
quires state legislative action, which often limits the
nature and extent of the charter. Overcoming this bar-
rier can require a substantial commitment by local
governments, which are often only marginally convinced
of the need at all. The passing of the Young amendment
to the National Mass Transportation Assistance Act of..
1974 has helped fo alleviate some local concerns by pro-
viding a financial avenue for establishing public develop-
ment corporations. Public corporations are not unique
in the United States; housing and development authorities
have used these concepts for years. However, their use
in the past has predominantly been for single-purpose
developments rather than for an integrated multidirec-
tional scope, as is required in joint transportation and
urban development proposals.

Many of the current liabilities that affect the feasibil-
ity of joint development exist because the apparent bar-
riers have never been challenged, Loeal government
officials often walk a tightrope in dealing with acceptance
of a transit improvement program by a local community
or neighborhood and therefore develop opposition to
more creative approaches that may require amending
existing laws or ordinances. LRT and CRT systems
face similar constraints in relation to such liabilities,
Since station locations for LRT systems are much closer
together than for CRT systems, the need for a compre-
hensive public development charter is greater. Unless
a comprehensiveé joint-development program is adapted,
a strategy for joint development may become diffused
and ineffective,

FEDERAL ASSISTANCE FOR JOINT
PEVELOPMENT

Various incentives for joint development have been dis-
cussed. The most significant incentives are financial,
and in recent years there has been evidence that the
federal government, through several agencies and fund-
ing vehicles, is willing to accept a larger role in provid-
ing the initial financial incentives. Capsule descriptions
of these programs follow,

U.5. Department of Transportation

The Young amendment provided the inducement for es-
tablishing public development corporations by allowing
the use of section 3 funds to defray operating and ad-
ministrative costs. To qualify for these funds, a public
sponsor must prepare a grant application that illustrates
the objectives, feasibility, and operating intent of the
corporation. Support data concerning the quantity of land
assembled, the anticipated costs and benefits and the
scope of the corporation must also be provided. The
local-participation share in the funding is 20 percent.

The Urban Mass Transit Administration (UMTA) re-
cently began a 2-year demonstration program to provide
technical and financial assistance to a select group of
cities to evaluate the potential for joint development by
using value-capture financing options. Capital grants
for site acquisition and station modification will be pro-
vided in addifion to potential loan guarantees for related
infrastructure costs, The cities are asked to include
value-capture options. The intended result of this re-
quirement is that joint development will at least be con-
sidered as a contributing factor in the reduction of
capital costs by returning to the public coffers a portion
of the benefits derived from public investments, It




requires that joint-development feasibility be explored
in a eomprehensive manner during the planning of LRT
or CRT systems that use section 3 capital funds.

Another new UMTA program involves a demonstra-
tion effort oriented toward the testing and evaluation of
personal rapid transit (PRT) systems in an urban en-’
vironment. The downtown people-mover demonstration
program will focus on less costly solutions to needs for
mobility in major activity sectors of three demonstration
cities—St. Paul, Houston, and Los Angeles, - These
cities are encouraged to use the demonstration funds to
define the specific role of joint development in the plan-
ning and implementation processes.
of PRT systems closely resemble those of LRT sys-
tems, an increased resource base should be available
and transferable from this demonstration program.

U.S. Department of Housing and Urban
Development

In 1973 HUD and DOT jointly financed a study by the Na-
tional League of Cities and U.5. Conference of Mayors
to recommend prototypes for financial assistance in
planning joint development projects within a 760-m
(2500 -ft) radius of a transit station, This study (3) es-
tablished the criteria for the use of community develop-
ment block grants to assist in setting up and supporting
development corporations. The funds continue to be
available for joint-development projects, including the
improvement of sidewalks and utility systems at stations
in low-income neighborhoods.

The Housing and Community Development Act of 1977

(PL 95-128) adds a new component to the community de- -

velopment block grant program—the urban development
action grants. The intent of these grants is to '"alleviate
physical and economic deterioration through reclamation
of neighborhoods having excessive housing abandonment
and deterioration [and] through community revitalization
in areas with population out-migration or a stagnating

or declining tax base,'" The program is designed to
stimulate economic development and revitalization of
residential neighborhoods through joint efforts of public
and private investment. Approximately $400 million/
year has been authorized for expenditure. Guidelines
for the grant program have been developed; the Transit
and Urban Development Committee of TRB served as a
review group. This program represents an important
breakthrough for funding transit-station development in
neighborhoods that are experiencing economic decline.
The funds can provide important seed money for encour=
aging other public and private financial commitments.

Economic Development Administration

EDA funding has traditionally been used to promote pre-
dominantly rural development, tourism, or industrial
development activities. However, EDA has recently
taken a number of steps to begin developing an urban
strategy that includes cooperative agreements between
HUD and EDA on urban development action grants. A
recently initiated national demonstration program wiil
support the administrative costs of hiring experienced
professional staff and managing central-city economic
development programs aimed at inducing greater public
and private investment in urban settings. Distriets in
cities that have high levels of unemployment will be given
first priority for funds. Joint development projects in
such environments should qualify for EDA assistance for
areawide revitalization.

Other federal funding programs, such as those under
the Bureau of Qutdoor Recreation, are suitable for use
in joint development projects. The successful projects

Since some aspects |

- activities,
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will use these programs to accumulate the basic func~
tional infrastructure capital and technical assistance
funds. However, the success of joint development will
depend on the enthusiastic support of private investment,
The major issue is still whether adequate private capital
can be attracted to a project to ensure its finanecial fea-
sibility,

PRIVATE INVESTMENT INCENTIVES
FOR JOINT DEVELOPMENT

Although federal programs can provide the initial incen-
tive for joint development, these funds are noi essential
for integrated transportation-related urban development
Direct access has been provided from a num-
ber of transit stations into office buildings (such as the
Pan Am building in New York) or department stores with-
out federal assistance, The private market has con-
gistently responded to investment opportunities created
through public investment in capital improvements. How-
ever, in recent years a concept has emerged that en-
courages public stimulation of private-sector investment,
yet returns to the public coffers a share of the financial
benefits that accrue to the private development. This
concept, value capture, warrants closer examination,

Value-~Capture Financing Options

Value capture has been defined as ''a means whereby
land adjacent to transportation facilities (in this case,
transit stops) is purchased, managed, or controlled in
order for the public to share in potential financial and
community development benefits from the facilities that
are not otherwise possible' (4). Research work com-
pleted by the Rice Center for Community Design and
Research team has demonstrated that 20 to 40 percent
of the capital costs of transit improvements may be saved
by using the value-capture technigque in joint development.

At the heart of value capture is a defensible legal
basis. Recent court cases have upheld the right of cities
to sell property in excess of the necessary construction
right-of-way for private development. A history of court
cases upholds the ability of a publie body to acquire
more land than is required for a project to accommodate
future expansion needs. However, recent cases have
allowed the acquisition of additional land for the purpose
of development to ensure its financial success. These
cases have established a legal precedent for financing
joint development on surplus lands and returning to the
public a share of the profits to defray the transit sys-
tem's capital costs.

Special-benefit districts have heen used as a means
of sharing in the cost of transit improvements; this is
also a form of value capture, This concept, freguently
used to finance pedestrian malls, has numerous applica~
tions for {ransit-station development and is particularly
appropriate for LRT systems, where the smaller scale
of development is more easily defined than for CRT
station areas. Legislation exists in many states {Min-
nesota's joint powers, Wisconsin's benefit district, and
South Carolina's special assessment district) to allow
an increase in property taxes to be used for financing
the cost of improvements. In California this concept has
been used by defining coneentric districts around certfain
San Francisco Bay Area Rapid Transit stations and levy-
ing different tax rates on private land according to its
proximity to the station. Revenues from this differential
taxation are then used to defray a portion of the sysiem
costs,

Although the influence zones surrounding LRT stations
are not generally as broad as those around CRT stations—
perhaps 300 m (1000 ft) —the use of benefit districts or




86

Table 1. Summary and comparison of results of investment analysis.

Net Cash Net Length of - Cost of

. Percentage of Costs
Estimated Defrayed

Value-Capture  Development  Accumulated Present Transit Transit Net : Net
Station Proposed Technigque Capital Cost from Develop- Value Segment Segment Accumulated Present
Location Development Applied® - {$000s) ment ($000s) {$0008)* {km) ) ($000s) Change . Value |
1,05 Angeles
Watts Station, parking, . : B
commercial 4 1850 Z 490 690 3.7 1 900 31.5 . 8.7.
Expo Station, parking, i
commercial, i . : :
office, hotel 3,4 1590 30 490 11 330 2.4 35 750 ° 85.3 . 45.3
8t. Louis :
Downtown A Station, parking.
commercial, : ' s
office 4,17 2510 6 230 1770 1.9. 500 1245.6. 354.6
Downtown B Station, parking, ) )
commercial, ’ .
office 3, 4 2150 7620 2 290 1.9 : 500 1524 .4 457.0

Note: 1km = 0.6 mife. )
* The value-capture technigues are identifled in the text.

joint-powers districts remains an economically valid
technique to encourage LRT joint development. The
same potential for air or subsurface rights development
that exists for CRT systems is available for LRT sys-
tems. LRT has a slight functional disadvantage if an
overhead power source is used, but this need not pre-
chude air rights development. The shorter and lower
platform of LRT systems can also be a significant fea-
ture in air rights development.

Severa} technigues for applying value capture to
station-area joint-development projects were developed
by Carl Sharpe and the Rice Center team (5). These
technigues are designed to assist a public agency or de-
velopment corporation in capturing both financial and
community design benefits from integrated station-area
development programs, These techniques are defined
below,

1. Ad valorem taxation: The transit or development
entity taxes the assessed market value of land and im-
provements within the entity’s taxing jurisdiction or the
city served by the transit system.

2. BSpecial district taxation: An ad valorem fax would
be levied by the entity on a district in the city adjacent
to a transit station. The district's boundaries are set
to include the area that receives special benefits from
the facility, The transit or development entity would,
through the separate tax on the assessed valuation of the
market value of the land and its improvements, receive
some of the financial benefits created by its facilities.

3. Incremental value taxation: This instrument also
sets up special districts, but no new taxes are intro-
duced. The entity receives by agreement all or part of
the ad valorem tax revenues on the incremental differ-
ence hetween the assessed valuation of the land at some
future date and the assessed valuation at a point prior
to the construction of the transit improvements.

4. Develop and hold real property: The entity con-
structs transit-related facilities around the transit stop
and leases or rents them. Public participation in the
development of the facilities enhances the potential for
community influence over the design, while generating
revenue through lease and rental agreements.

5. Develop and sell real property: The entity ac-
guires land fee simple and develops transit-related im-
provements and facilities thereon. At completion, the
land and facilities are sold. As in the preceding tech-
nigque, the public participates in the community develop-
ment process, which yields potential benefits unique to
this and the above or last technigues.

® A discount of 8 percent/year has been applied,

6. Hold and sell real property: Fee-simple interest
and other development rights (air or subsurface) of
transit-related land parcels are acquired by the entity.
In the future, when the development of these parcels
meets appropriate public purposes, the rights or land
is sold subject to specific-use conditions.

7. Lease of real property: After acquiring land re-
lated to the trangit facility, the entity enters into long-
term leases for the ground or air and subsurface rights
to the land or related development rights, subject to the
terms of specific development programs in regard to
community design and public finance benefits,

8. Participafion in holding real property: Interest
in transgit-related land parcels or development rights is
ceded to other private or public parties for development
around stop locations. Under some circumstances, the
transit or development entity may receive a portion of
the income thus produced,

To illustrate the application of these techniques and
define the financial incentive that value capture can have
in reducing the burden of capital development, the Rice
Center team applied the value-capture financing approach
to several different transit-station situations, Each sta-
tion has two or three different land-development projects
agsociated with it. Table 1 provides a comparative view
of the trangit development costs, returns from the value-
capture application, and an estimate of the transit de-
velopment costs that can be defrayed through value cap-
tfure. The cash flow is accumulated over a 25-year
development period and also illustrates the impact of
discounting the returns at a rate of § percent/year to
determine net present value, Although the transit sys-
tems are assumed to be CRT, a similar impact might
be expected from LRT systems. The scale of the eco-
nomic development and thus the potential returns might
be reduced simply because there would be sialler in-
fluence zones surrounding LRT stations; however, the
joint-development opportunities remain valid,

The last column in Table 1 illustrates the importance
of considering value capture as a finaneing tool in the
development of a comprehensive station-area develop-
ment plan. In the four examples shown, as much as
450 percent of the development costs of a particular
segment or station can be defrayed by use of the value-
capture method of financing station-area development,
Obviously, in some instances the land use, density pat-
tern, and concomitant market.land values may be so well
established and the development costs so high that there
will be very little value to capture for defraying develop-

 esieeme -




ment costs, If, for example, unrestrained land specu-
lation ig allowed to occur prior to actual construction,
the opportunity for defraying development costs by cap-
turing the value of the increment achieved through the
public improvement will be minimized. The important
finding of the Rice Center work, however, is that value
capture should be considered along with other economic
incentives as a method to acerue income from public
improvements that can, in turn, be used to offset the
cost of improvements.

Value capture is one tool for financing integrated
development opportunities, but it is not a substitute for
joint development. It is a means to achieve an end but
not the end itself. Joint development can accommodate
many financing combinations, both public and private,
to accomplish the desired results. The work of the
Rice Center team and others has substantially advanced
the resource base that must be available if cities and
private entrepreneurs are to be encouraged to enter
into a union for the express purpose of improving the
social quality and economic vitality of urban centers.

Integrating Implementation Technigues
in the Planning Process

It should not be assumed that joint development, even
on a small scale, will automatically occur because a
transit station has been absorbed into an area. Earlier
research evaluating the impact of development along
the Philadelphia-Lindenwold high-speed rail line illus-
trated that minimal land-use conversions occurred as
a result of the implementation of the two new systems,
In addition, not every transit stop is a candidate for
private capital beyond the actual investment in the sta-
tion itself. The joint-development projects that have
the best potential in an overall system plan should be
the result of a comprehensive urban design and eco-
nomic development program that links planning goals

to implementation strategy. Although development can
occur after a station has been constructed, the maximum
joint-development potential can be gained if the urban
and transit development planning processes are con-
ducted simultaneously, Concurrent implementation does
not necessarily have to occur, although important fune-
tional linkages should be accommodated during the con-
struction of the station.

A major consideration in the joint-development plan-
ning process is gaining an understanding of the cycle of
impacts that will follow the development activities. The
impact zone for LRT systems is generally smaller than
that for CRT stations, but a definable ripple effect can
be expected to begin in the immediate station environ-
ment and extend to related developments within an es-
timated 300-m (1000 -ft) radiug of the station. The plan-
ning process for the station area must identify a coor-
dinated development program for the entire influence
zone, but implementation phasing must consider the
likely cycle of economic impacts. The planners must
algo consider the effects phased implementation will
have on traffic circulation, pedestrian movement,
extreme changes in density patterns, and the inducement
of strip developments between stations. Anticipating
these impacts is possible only if the planning and im-
plementation processes have common development goals.

One potential problem in urban design related to
joint development of LRT stations that has economic
implications is that stops on an LRT system are more
closely spaced than those on a CRT system, Zones may
overlap, and a diffusion of joint-development activities
can occur., This makes financing techniques such as
value capture more difficult, since development sites
may overlap to the point of making it impossible to
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identify boundaries for the purpose of establishing as~ -
sessment districts or other jurisdictional limits. A
coordinated program of corridor development goals and

 station-area development plans can eliminate this po-

tential erosion of the LRT joint-development oppor- -
tunities.

The planning process for LRT joint development must
include (2) a recognition of the need for a coordinated
station-planning framework; (b) a resource base that.
allows the measurement of the potential ripple effect
that station development can have on other functions
within the urban setting; {c) a full grasp of the tools
available to induce development, such as bonus zoning,
transfer rights, and special districts, that will encour-
age and coordinate joint development; and (d) a complete
awareness of the aesthetic impact a joint development

~ project can have on community revitalization.

The final important ingredient in a comprehensive
joint-development planning process is the vifal linkage
between station-area planning and implementation pro-
cedures. Without this well-defined linkage, examina-
tion of joint development will remain a paper exercise
to satisfy federal grant application requirements that
consistently falls short of actually achieving the commit-
ment of private investment, To achieve this linkage re-
quires a very detailed understanding of the unique design
aspects of CRT and LRT systems, especially in relation
io accommmodation of power source, platform size and
height, and the definition of influence zones,

At the present time, a variety of development incen-
tives and controls are being tested in various transit
construction programs. The downtown people-mover
demonstration programs are glso providing a valuable
opporfunity to evaluate public and private joint-
development activities, During the next 2 years, our
resource base for identifying successful development
incentives and control models will expand, primarily
because of the downtown people-mover demonstrations
and the Miami and Baltimore transit programs, In ad-
dition to these larger examples, many medium-sized
cities are evaluating the benefits of forming public de-
velopment corporations and using tax increment financing
as an incentive to encourage the public-private joint
venture. All of these efforts will substantially improve
the data base for evaluating the joint-development po-
tential of LRT systems,

CONCLUSIONS

The following general conclusions have been drawn con-
cerning the potential that LRT systems have for joint
development opportunities.

1. The same basic urban design opportunities that
exist for CRT systems are available in the development
of LRT systems.

2. TFunctional differences between LRT and CRT sys-
tems that affect joint-development opportunities will
generally involve reduced volumes of riders at LRT sta-
tions and the smaller platform size and lower platform
height of LRT systems, '

3. The functional feasibility of LRT systems presemnts
an important joint-development potential. Caution should
be exercised in locating joint-development programs
between stations since LRT stations tend to be closer
together than CRT stations; the impact of a station may
be lost if it overlaps with an adjacent station.

4, The financial incentives that apply to joint-
development solutions for CRT are transferable to LRT
systems.
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Fort Worth’s Prlvately Owned Subway

System

P. D Scott, Tandy Corporation, Fort Worth Texas

For the past 14 years a small subway system has been carrying passen-
gers into and out of the central business district (CBD) of Fort Worth,
Texas. It has two unique features: It is privately owned, and passen-
gers ride it for free. In the early 1960s, two merchants in Fort Worth
hit on the idea of providing subway service to their downtown depart-
ment store from a large parking lot on the banks of the nearby Trinity
River. They bought second-hand electric trolley cars from Capitol
Transit Company of Washington, D.C., modified them extensively, dug
a tunnel from the edge of the parking lot to the lower leve! of their
store, and began operating the subway in February 1963. Tandy Cor-
poration bought the department store in. 1967 and continued to oper-
ate the subway, which carried nearly 15 000 passengers/d. Tandy is
now rebuilding the subway cars to give them a squared-off configura-
tion and many refinements. Introduction of these refurbished cars
will coincide with the opening of Tandy Center—an eight-block com-
plex of office buildings and shapping malls in downtown Fort Worth
that the subway system will serve. There has been some preliminary
exploration of the feasibility of extending the subway system several
blocks south through the CBD. This short-haul do-it-yourself subway
system has proved that shoppers and downtown workers can be induced
to leave their automobiles in a fringe parking lot and ride into the heart
of the city by light-rail transit.

For the past 14 years a small subway system has heen
quietly and steadily carrying passengers into and out of
the ceniral business district (CBD) in Fort Worth,
Texas. The subway is owned by Tandy Corporation,
which was founded in Fort Worth and is headquartered
there, Charles Tandy, chairman of the board and chief
executive officer of the corporation, says, '"We may
have the only subway-system in town, but we try not to
act like it,'" As proof of this, he points out that passen~
gers ride the subway system free. They also park their
automobiles free on a riverbank lot before boarding the
subway for the 3-min ride into downtown Fort Worth on
the 100-passenger electric cars,

Many of the passengers are unaware that they are
riding on what is probably the only privately owned sub-
way system in the world. Most of them are aware that
the 1.6-km (1-mile) subway line and all of its equipment
and stations are currently undergoing extensive updating
and renovation. Later this year, when full service is
restored, the subway system will boast a fleet of 10
modernized cars, all air-conditioned, colorfully painted,
newly upholstered and carpeted, and equipped with stereo
music. Theintroduction of these completely refurbished
cars will coincide with the formal opening of Tandy Center—
an eight~block development indowntown Fort Worth that
the subway system is primarily intended to serve,

The first phase of Tandy Center, which is now near-
ing completion, consists of a 19-story office tower,

which will house Tandy Corporation's international head- - '

quarters; a three-level shopping galleria surrounding
an ice~skating rink; and a three-level parking garage.
The second phase of construection, now well under way,
includes a 20-story office tower and a new Dillard De-
partment Store—the first new department store to be
built in the CBD in 40 years. The third phase of Tandy
Center, which is still on the drawing boards, calls for
a 500-room hotel or a 45-story office tower or, perhaps,
both. The subway cars that will begin carrying passen-
gers into the new Tandy Center will bear little resem-
blance to the old trolley cars purchased from Capitol
Transit Company of Washington, D.C., in 1962,

BACKGROUND

The subway is now and always has been a small-scale
operation, What makes it interesting to transportation
engineers and planners is that it represents a low-cost,
do-it-yourself approach to public fransit, The Fort
Worth subway system contrasts markedly with transit
operations in many urban areas throughout the world,
some of which are characterized by high costs, high
deficits, and high subsidies. Fort Worth's trolley sub-
way system was constructed by a department store and
for most of its life has been operated by deparitment
store personnel without financial assistance from any
tevel of government—local, state, or federal.

In the early 1960s, Marvin and Obie Leonard, pioneer
merchants in Fort Worth, hit on the idea of providing
subway service to their downtown store from a large
parking lot on the banks of the nearby Trinity River.
They figured that free subway service and free parking
for automobiles would keep customers coming into their
store rather than making their purchases in the suburban
shopping malls that were being built around Fort Worth
and throughout the nation.

The Leonard brothers bought five electric troliey cars
from Capitol Transit Company of Washington, D.C.,
where the public transit system had just switched over
to buses, Since the demand for second-hand trolley cars
was limited, the Leonards acquired their small fieet for
a total of only $10 000, These were Presidents' Con-
ference Committee (PCC) streetcars, manufactured by
the S5t, Louis Car Company. They were extremely mod-
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ern in design and are among the finest transit vehicles
ever manufactured; many of them are still in operation
in several of our nation's cities. The carsare 2.6 m
(8.2 ft) wide, 13.4 m (44 ft) Iong, and 3.4 m (11.2 ft)
high, Each car weighs about 21 Mg (24 tons). All doors
are installed on one side; there are double doors in the
middie for exit and single doors at the front and the back
for rapid entry. Seats for 60 passengers face the cen-
ter along the length of the cars; the maximum capacity
is about 100 passengers {40 standing). Operafing speed
is about 48 km/h (30 mph},

Employees of Leonards Department Store modernized
and customized the five cars, installed several thousand
fittings and other items made by hand, refitted the doors
s0 that they would open onto the high-level station plat-
forms, reshaped the cars to make them more modern .
Iooking and attractive, and painted them in a combina-
tion of blue, white, and silver. Several additional cars
were bought later and kept in storage for some years.

The Leonards had previously leased a 3000-space
parking lot on the bank of the Trinity River about 1.6 km
(1 mile) from their downtown store. In fact, before
pursuing the subway idea, they had been usmg a fleet
of buses to haul customers (and others) from the 9.3 hm®
(23 -acre) lot to their store. They had also hired a con-
tractor to dig, by the cut-and-fill method, a tunnel 430
m (1400 ft) from the parking lot to the lower level of
Leonards downtown store. Part of the tunnel had to be
blasted through solid rock to a depth of 13 m (42 ft).
Workers laid a double standard-gauge railroad track
through the 6.4-m (21-ft) wide tunnel so that cars could
pass each other coming and going. The overall length
of the double track was approximately 1220 m {4000 ft)—
430 m ingide the tunnel and 790 m (2600 £t} outside, on
the parking lot.

When construction of the tunnel was completed on
February 135, 1963, the M and O Subway—named after
Marvin and Chie Leonard —went into operation. Instead
of a ribbon-cutting ceremony to mark the occasion, the
first subway car arriving at the downtown terminal
crashed through a simulated brick wall constructed
across the tunnel, By this time the Leonards had an
investment of about $1 million in their subway system.,
About half had gone into constructing the tunnel and
buying and laying the track; the other half had been used
to buy and modify the trolley cars, build the stations,
pave the parking area, and supply such things as fencing
and landscaping.

The parking area along the riverbank was offered iree
to everyone, customer or noncustomer, together with
a free subway ride into downtown Fort Worth; there was
service every few minutes between three stations on the
parking lot and a station in the basement of Leonards
Department Store. The service was used not only by
the store's customers but also by its employees, other
workers in the CBD, shoppers in general, visitors to
the CBD, and tourists. As a matter of fact, the subway
began operating on rush-hour frequencies at 7:30 a.m.
in order to carry commuters from their free parking
spaces to their downtown jobs, even though Leonards
Department Store did not open its doors for business
until 10:00 a.m.

Ridership on the subway has always been fairly high,
averaging 10 000 to 15 000 passengers/d. At peak
periods, the five cars were delivering 500 passengers
to the store and parking lot every 8 min. A survey taken
in a week in December in the early 1970s indicated that
approximately 12 000 people rode to the store on a Tues-
day, 24 000 on a Thursday, and 50 000 on a Saturday.

Leonards bore the entire cost of operation as well
as the cost of buying and modifying the trolley cars, con-
structing the tunne} and the four stations, and leasing
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and maintaining the parking lot; the M and O Subway was
considered public-service advertising, Operating costs-
during peak years were about $118 000/yr, This figure
included salaries of drivers and maintenance people,
costs of replacement parts for the cars, track repairs,
ground maintenance, overhead trolley wire, the genera-
tor system, and electrmal service.

In 1967 Leonards Deparitment Store was sold to Tandy
Corporation. The subway system came with the store.
Tandy Corporation retained the Leonards name, con- .
tinued to operate the store and the subway system on
practically the same basis, and expanded Leonards into
three suburban shopping malls,

In 1974 Tandy Corporation sold Leonards Department
Stores —downtown and suburban—to Dillard Department
Stores, which is headquartered in Little Rock, Arkansas.
By contractual agreement with Dillard, Tandy continued
to operate the subway system into downtown Fort Worth.
Tandy was willing to do this because, by this time, it
was proceeding with its plan to develop an eight-block
area in downtown Fort Worth to be known as Tandy Cen-
ter. Tandy had already bought outright or had obtained
Iong -term leases on eight contiguous blocks including
and surrounding the department store. The subway sys-
tem, which features free parking and free rides, is
likely to be a major factor in the success of this down-
town revitalization, which, like the subway operation, is
being carried out without any financial support from fed-
eral, state, or local governments,

PRESENT OPERATION

The subway system is now in a period of transformation.
The current fleet of 10 trolley cars is once again under-
going a metamorphosis, this one even more complete
than when the cars were purchased 15 years ago. Some
of the:caterpillars have already turned into butterflies.
The finished products no longer look much like trolley
cars. Gone is their bullet shape, with curving wind-
shields on each end and small windows topped by transom
panes along the sides. The sleek new cars, modeled
along the lines of the cars used in San Francisco's rapid
transit system, have a squared-off configuration that
features broad expanses of tinted window glass., The
exteriors of the cars are being completely covered with
l4-~gauge welded steel.

Tandy has continued the do-it-yourself approach of
this transit operation. Redesign of the cars was handled
in house. A subway crew of 18 drivers, maintenance
men, and mechanics is doing all of the work on the cars,
tearing them down to their frames and rebuilding them
to the new design, Each member of the ecrew has worked
at times as painter, welder, upholsterer, and electrician
(and even paperhanger) and has still handled his regular
shift as driver or maintenance man for the old cars still
in daily operation.

The interior and exterior color schemes of the re-
built cars will vary. Each car will be carpeted with
artificial turf, will have walls and ceiling covered with
textured vinyl, and will be fitted with new seats up-
holstered in either textured vinyl or velvet. Tandy Cor-
poration's Radio Shack Divigion ig installing stereo
equipment in the air-conditioned cars, Other refine-
ments include special fluorescent lighting, climate-
controlled cooling and heating, and operating controls
at each end of the cars to permit change in direction at
each end of the track. The cost of converting the proto-
type car to the new configuration was about $60 000. The
cost of converting the next three or four cars was slightly
less; the cost is expected to drop very little for later cars
because no two cars will be exactly alike,

Workers are also busy renovating the track and road-
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bed for the subway, creating a base for a smoother ride.
The tunnel is being widened as it approaches Tandy Cen-
ter so that three loading platforms can be builf there;
new floodlights have been installed on the parking lot;
and the entire parking area is being resuriaced, While
all of this is going on, 40-passenger buses are being
used to carry passengers from the parking lot to Dil-
lard's downtown store and bring them back., Rides on
these temporary buses, of course, are free. These
buses now run from 7:15 a.m. to 9:30 p.m. on Monday,
Friday, and Saturday, and until 6:30 p.m, on Tuesday,
Wednesday, and Thursday.

FUTURE OPERATIONS

The goal is to have most of the cars modernized and the
work on the parking lot and loading stations completed
by the time the first phase of Tandy Center formally
opens in late 1977, At that time, load factors on the
subway system are expected to rise somewhat because
there will be additional shoppers and workers going into
and out of the downtown area. The three-level shopping
mall in Tandy Center will lure shoppers; the ice-skating
rink around which the galleria is built will atiraet both
skaters and spectators; and the 19-story office tower
will attract hundreds of employees who will daily park
their cars on the riverbank lot and ride the subway to
work, The subway system will probably extend its
hours of operation to accommodate the extra traffic.

Business on the short-haul subway will get another
boost when the second phase of Tandy Center is com-
pleted in 1978, This phase entails a 20-story office
tower and a new Dillard Department Store. An esti-
mated 3000 persons will ultimately work in the center's
first two office buildings and there will be more workers
and more shoppers interested in free parking and free
subway rides. Approximately 12 000 other people work
within two blocks of Tandy Center.

The third phase, which is still in the planning stage,
will include a 500 -room hotel. In between the second
and third phases of Tandy Center will come the comple~
tion of a new public library building on a two-block site
adjacent to Tandy Center, in fact connected to it by
means of an underground passageway. Like Tandy
Center, the library will have much of its activity below
ground level, and shoppers and library patrons can
move freely from one activity to the other. It will be
only a short walk from the library to the subway plat-
form on the same level, which means that the subway
system is likely to be carrying many more library pa-
trons than is now the case. The subway traffic will
probably also include the employees of a large insurance
firm, which is building its home office near the public
library building and Tandy Center,

At this rate, the 3000-space parking lot on the river-
bank may have more business than it can handle. This
is not considered a problem. A second deck will be
erected on the lot that will double the lot's capacity.
Some preliminary planning has already been done,

There has been some discussion and some prelimi-
nary planning about the possibility of extending the sub-
way system several blocks farther south through the
CED to a parking lot on the south side of downtown Fort
Worth; the city government and the federal government
would foot the construction bill on some kind of matching
basis, A preliminary engineering plan and report on
the Fort Worth CBD subway, conducted under technical
study grants from the Urban Mass Transportation Ad-
minigtration, was completed in 1974. This report con-
ctuded that construction of a 1.7-km (5600-1it) extension
of the existing subway through the CBD is, from an en-
gineering standpoint, practical and feasible. The report

estimated the cost of such a new line at épproximately '

$54 million and the time required fo design and construct

it at approximately 5 years.

It is evident that this interesting adventure in small-
scale rail transit deep in the heart of Texas is turning
out quite well. Its future is even brighter than its 14-
year past.

OBSERVATIONS ON THE SUBWAY
SYSTEM

This short-haul subway system, with its free rides and
its free parking, is a happy blend of a private interest .-
and the public interest. The department-store owners
who installed the subway system felt that it- would be good
for their business and good for their city. Tandy Cor-
poration, the present owner and operator of the subway
system, feels the same way. The subway system—
because it puts private automobiles on a riverbank park-
ing lot rather than into the CBD —cuts down on street
congestion, particularly during peak periods. It also
reduces, at least modestly, the need for downtown park-
ing facilities, : ’

Tandy Center, which will eventually cover eight
blocks and be served by the free subway system, is cer-
tain to be a strong rejuvenating influence on downtown
Fort Worth., Like other large and medium-sized cities
across the country, Fort Worth has seen its CBD lose
ground in recent years to suburban shopping malls, But
it has moved forward more than most cities in the past
decade or so. A new convention center was built in
1968, and a municipal building was opened in 1971,
There are also a 37-story bank building opened in 1974
and the public library building, insurance building, and
eight-block Tandy Center described above.

In addition, the whole Dallas-¥ort Worth area (part
of the so-called sun belt) is steadily growing in popula-
tion and attractiveness to industry. Among the major
factors in the future growth of the area is the new Dallas-
Fort Worth airport, the second largest airport in the
world, This airport, midway between Dallas and Fort
Worth, is likely to be more of a boon to Fort Worth than
to Dallas because, until the airport opened 3 years ago,
Fort Worth passengers had to land and take off at Love
Field in Dallas. The Dallas-Fort Worth airport also
includes a small automated fixed-route transit system
that interconnects all parts of the gigantic airport, but
that is another story,

It is difficult, if not impossible, to pin down the value
capture involved in Tandy Corporation's subway system
in Fort Worth, We bought a department store, and the
subway came with it. The price paid for the department
store was unquestionably somewhat higher because of
the subway, Later, we bought or leased eight contiguous
blocks in downtown Fort Worth surrounding the downtown
terminal of the subway systern in order to build Tandy
Center. By this time, however, the subway system had
already been operating for a decade, and any apprecia-
tion in land values of the eight blocks was captured by
somebody else—those who sold the land to Tandy. This
appreciation, however, was probably modest, because
there was only one downtown subway station, and it was
in the department store,.

In summary, the subway situation in Fort Worth is
short on theory and long on practice, What we have done
is perhaps not entirely in keeping with some of the
theories held by transit authorities and transportation
experts. It has involved no expensive computer -
controlled equipment. It has required no federal, state,
or municipal funds, What Tandy Corporation has done
in Fort Worth, using its own funds and its own personnel
and tried-and-true equipment, is to build, operate, and




continually update a short-distance, low-cost subway
system and parking lot, offering both of them free to
all comers. . .

In return—and it may be a bigger return than you
think—all passengers must leave the subway at Tandy
Center and board il there for the return trip to the park-

- ing lot. Very few downtown shopping malls and office
towers can offer as inducements to prospective tenants
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a free subway system and parking lot for the customers
and the employees of tenants. This privately owned

and operated subway system has successfully proved
during its 14-year history that it can induce shoppers -
and downtown workers to leave their beloved automobiles
in a fringe parking lot and ridé into the heart of the city
by light-rail transit.
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Evaluations of Operating Light-Rail

Transit and Streetcar Systems in the’

United States

John W. Schumann, Louis T. Klauder and Associates, Philadelphia

The goal of the research presented in this paper is to evaluate how closely
each of the light-rail transit {LRT) and streetcar systems in the United
States approaches the LRT concept. Both LRT and streetcar systems
are evaluated because the usual pattern of development, here as in Eu-
rope, has been for streetcar systems to be upgraded gradually to LRT
standards. Of the surviving networks, several run largely on reserved
rights-of-way and closely approach the LRT concept; others are clearly .
street-car operations that possess few true LRT characteristics. High-
lighting the strengths and weaknesses of existing systems should be help-
ful to those planning new LRT instalations. The paper also stresses two
of the most important qualities of LRT systems: (a) flexibility in right-
of-way location and its concomitant, the ability to improve segments of
systems on an incremental basis, and (b} abifity of systems constructed
in a trunk-and-branches pattern to provide both line-haul and collection
and distribution functions, thus giving most patrons a single-vehicle ride.

trackage in the United States in 1917 (1). Despite the
current popular impression, this vast network was not
located entirely in city streets. In many cities, portions
of one or more streetcar lines were located in boulevard
medians. The Dundalk Avenue line in Baltimore, now
abandoned, was a good example, Many suburban lines
operated on private rights-of-way. In addition, there
was a network of intercity light electric railways that
were called interurbans.

Rochester, New York, had a streetcar subway that
ran into its central business district (CBD), as did the
Pacific Electric Railway in Los Angeles, which operated
a large network of suburban and short-haul intercity
lines over more than 800 route km (500 route miles).
This system included cne of the first transit-freeway
joint rights-of-way. Instead of building transit in an
expressway median, as is now commonly suggested, the
Hollywood Freeway was constructed through Cahuenga
Pass in 1939 and 1940 on either side of the Pacific Elec-
tric’s Hollywood Boulevard line.

Why did all these lines fail? Essentially, their
demise was brought about by a combination of growing
automobile ownership and improved roads. During this
era of decline, roughly from the late 19208 through the
1950s, transit service continued to be provided by pri-
vate companies, These operators were justifiably con-
cerned with maintaining their profitability; it was not
surprising that, in the face of declining ridership and
revenues, they turned to less capital-intensive means
of providing basic transit service or discontinued opera
tions altogether.

The massive switch to buses generally resulted in
avoidance of maintenance costs for right-of-way, track,
and power distribution systems. Abandonment of these
facilities and streetcars brought income tax write-offs,
as well as substantial sums realized from the sale of
salvaged materials. Finally, buses were relatively in-
expensive to acquire and were short-lived vehicles that
could be depreciated rapidly, so that they would not out-
last the expected disappearance of the need for public
transit service.

Now, since most major metropolitan transit systems
are operated by public agencies as essential community

[There were 72 100 km (44 800 miles) of electric railway

services and since the specter of dwindling petroleum
supplies confronts us, it is time to reexamine the po-
tential of the electric railway. Although most cities that
want to build light-rail transit (LRT) systems will have
to start from scratch, there are a few places in which
streetears and suburban light electric railways survive.

OPERATING LRT AND STREETCAR
SYSTEMS IN THE UNITED STATES

LRT and streetcar systems in the United States have
dwindled to 35 routes totaling about 320 km (200 miles}
of line and USIng 4 Ileet of 1035 cars. They carry about
560 000 passengers on a typical wéekday. There ar@
definable systems providing regular service in nine US.
ciffes, " :

1. Boston—Green Line: Four routes link the CBD
with residential areas in the southern and western parts
of the city and in the western suburbs of Brookline and
Newton. One line is the 15.1-m (9.4-mile) Riverside ex-
tension, which in 1959 replaced a commuter railroad (2).

2, Boston—Mattapan-Ashmont: This is an LRT
feeder to rapid transit that was puilt in 3 former com-
muter railroad right-of-way (3).

3. Newark--City subway: This remainder of the
former subway-surface system, built in an abandoned
canal bed, extends from the CBD to northern residential
areas of the city.

4, Philadelphia —City streetcars: There are seven
routes, each 4.7 to 20.1 km (2,9 to 12,5 miles) long; they
are the remnant, along with the subway-surface lines, of
a much larger network,

5. Philadelphia—Subway-surface; Five routes share
a 4.0-km (2.5-mile) subway west from the CBD, then fan
out to run as streetcars in residential areas.

6. Philadelphia—Media-Sharon Hill: Two lines of
four remain; they link the Delaware County suburbs with
rapid transit lines to the CBD through the 69th Street
Terminal at the city's western edge (4).

7, Philadelphia —~Norristown High-Speed Line: This
completely grade-separated line has high-platform sta-
tions, runs single cars with on-board fare collection, and
feeds suburban patrons to rapid transit at 69th Street.

8, Pittsburgh—=South Hills: Four physically distinct
routes link the CBD with suburbs to the south of the
Monongahela River. The Library and Drake lines are
remnants of once-longer runs to Charleroi and Washing -
ton, Pennsylvania.

9. Cleveland —Shaker Heights Rapid Transit: Two
lines were built in 1913 and 1920 by real estate develop-
ers to link their new, planned town of Shaker Heights
with the CBD; the line shares 4.0 km (2.5 miles) of track
with rapid transit trains (5).

10. Detroit—Downtown trolley: This short 1,3-km
(0.8-~mile) shuttle line through the CBD was opened in
September 1976 (6).

11. New Orleans--St. Charles: The last U,S, line
to use the double-truck streetears built in the 1920s con-
nects the CBD and a gracious residential area; it also

s
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Table 1. General characteristics of U.S. LRT and streetcar systems,
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Types of Service Otffered Through Service Annual Car Passengers Avg
- Routes Kilometers Carried (000s) System
One-Way Fecder to Local -Urban Hevenue of Revenue Operating.
Line Line Haul Line-Haul or Suburban CED Length Service Service Avp Speed
System [13Y] to CBD Transit Transit Distribution Number (km) Cars (000s} Annually _Weekday_ km/hy
Boston 10 100
Green Line 43.8 Yes No Yes Yes 4 58.1 276 . 41 100 151 20.0-
Mattapan-Ashmont 4.2 Ng Yes Yes Ne 1 4.2 15. 3 900 14 19.3
Newark City Subway 8.7 Yes No Yes Yes 1 6.7 28 1 000 2 450 8 32.2
Philadelphia 40 100 A
Streetcars 82.4 Yes Yes Yes No 7 83.4 {350 40 000 130 14.5
Subway-surface 35.9 Yes Yes Yes No 5 52.4 20 000 85 i8.0
Media-Sharon Hil 18.1 No Yes Yes No 2 22.4 32 4 000 4. 25.8
Nerristown Line 21.9 No Yes Yes No 1 21,9 21 2 750 10 48.9
Pittshurgh: South Hiils 39.9 Yes No Yes Yes 4 54.9 95 3 100 7000 24 22.0
Cleveland: Shaker Heights 21.1 Yes No Yes No 2 30.7 57 1.800 41720 . 18 31.0
Detroit: Downtown shuttle 1.3 ‘No No No Yes 1 1.3 ] - — - .7
New Orleans: St. Charles Line 10.5 Yes Mo Yes No 1 0.4 35 1300 T 830 25 5.0
Fort Worth: Tandy Cenier Subway 1.9 No No Ne Yes 1 1.9 6 - 1200 4 25.8
San Francisce Muni 29.3 Yes No Yes Yes 5 54.4 115 - 30 000 98 15.3
Tatal 318.0 35 402.7 1034 164 850 561 21,9
Note: 1km=0.6 mile.
Table 2. Intensity of use of LRT and streetcar systems. gible, these two groups of routes are treated as separate
PO systems.
vE Woekday . . g
Line FPassengers per There are substantial variations among the several
system e ksl ometex of systems, Some, such as the Tandy Center Subway in
Fort Worth, are quite small; others are much longer and
3 »
Baston % ’
Green Line 151 000 43.8 3400 la}rger in terz_ns of number and length of routes, fleet
Mntn%rgt-Amont léggg gi ﬁggg size, and typical weekday patronage. Length, however,
" . = - N
i . does not govern intensity of use as measured by the num-~
Streetcars 120009 2.4 160c ber of passengers per day per kilometer of line. AsTable
Subway-surface 65 000 35.% 1800 . . - o N
Media -Sharon Hill 14 000 19.1 700 2 shows, the Fort Worth line is exceeded in this statis-
Pﬁg;f&;g"fﬂsf;;'zﬁ il Erlo Y o tic only by the Boston, San Francisco, and New Orleans
Cleveland: Shaker Heights 18 000 21.1 -2903 lines. Among the many causes of the variation in in-
New Orleans: St. Charles Line 25 000 10.4 40 s .
Fort Worth: Tandy Center Subway 4 000 1 2100 tensity of use among systems are the service-area pop-
San Francisco Muni 98 000 29.3 3300

Note: 1km =06 mile.

serves as a tourist attraction. It is operated by a pri-
vate company.

12. Fort Worth—Tandy Center Subway: This line,
opened in 1963 as Leonards M and O Subway to link
their department store in the CBD and its periperal
parking lots, now also serves the Tandy Corporation's
headquarters office towers (7).

13. San Francisco—Municipal Railway (Muni): Five
routes provide service from western and southern res-
idential areas within the city to the CBD; it is now under-
going upgrading from streetcar to LRT operation (8),

Some general characteristics of these systems (2, 9,
10, 11,12, 13, 14) are presented in Table 1, The newest

the imaginative use of antique four~wheel trolley cars

to provide both a useful service and an attraction in its
own right. It is included in Table 1 because it is oper-
ated by the Detroit Department of Transportation as part
of its citywide transit system, Since it is so short and
has no LRT characteristics, it is omitted from further
consideration in this paper.

Even though they form a unified physical entity,
Philadelphia's 118.3 km (73.5 miles} of streetcar and
subway-surface lines provide two distinet levels of ser-
vice, Streetcar routes run at an overall system average
operating speed (V) of 14,5 km/h (9.0 mph) and serve
primarily as feeders to rapid transit and as local area
transportation, Line-haul ridership to the CBD is sec-
ondary, since only two of the seven routes enter that
area. The opposite i true for the five subway-surface
lines, all of which penetrate the heart of the CBD and,
operating at a ¥ of 18.0 km/h {11.2 mph), offer some-
what faster service (although the same types of cars are
used on both parts of the city system). Wherever pos-

ulation, park-and-ride opportunities, integration with
other modes of {ransit, level of CBD development, exis-
tence of other trip generators, types of services offered,
and service quality (frequency, speed, reliability, com-~
fort, and safety). .

It must also be considered that most of these systems
have been in existence for many years., The newest—
Fort Worth—opened in 1963. The oldest—New Orleans—
traces its history to the New Orleans and Carrollton Rail
Road Company, which began operating horse~drawn cars
in 1834, Steam locomotives were used for some years;
the line was electrified in 1893 (15). Changing patterns
of urban development during the intervening years have
robbed some lines of their patronage bases, Some lines
have survived simply because they were the most sub-
stantially built segments or trunks of once-larger net-
works.

The Newark City Subway is a good example, It was
completed in 1935 by the city of Newark and operated for
the next 15 years (under lease to a private company) as
the downtown end of a subway-surface system of several
routes that had formerly run all the way downtown in the
streets. These routes left the City Subway—the name
that applies to the whole 6.7-km (4.2-mile) line, even
though only 2.1 km (1.3 miles) are underground—at Cen-
tral Avenue, Orange Street, Bloomfield Avenue, and
Franklin Avenue. All of these streetcar routes were
converted to bus operation about 1950, but the city in-

‘sisted that the subway continue in operation. It serves

only its immediate catchment area, since most of the
buses run all the way downtown. This, combined with
the gradual decline of the Newark CBD as a working and
shopping area and the fact the line parallels a large park
for most of its above-ground run, has resulted in the
underuse indicated in the tables.

Similar problems of urban change have hurt ridership
on Cleveland's Shaker Heights system, particularly the
stagnation of that part of the CBD adjacent to the line's
downtown terminal (16). As a result, morning peak-hour
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riding in 1973 was down to 4200 from a high of 5500 be-
tween T:00 and 9:00 a.m. However, a large degree of
recovery has been achieved since then by halving the
fare and providing free transfers under the new Greater
Cleveland Regional Transit Authority. _
LRT lines that feed rapid transit also appear to be

" uged at a lower level of intensity than line-haul routes.
Passengers using Philadelphia’s Media, Sharon Hill,
and Norristown lines must change to a rapid iransit
line to complete their trips to the CBD. Not only are
they inconvenienced by having to walk through the 69th
Street Terminal to make the change, they also must pay
an additional full fare because the Southeastern Pennsyl-
vania Transportation Authority (SEPTA) has not inte-
grated the fare structures of its several operating divi-
sions. These two factors have always hampered rider-
ship development on these lines.

This has not been the case in Boston, The world's
first streetecar subway opened In Bo5ton in 1897; most
of it is still in service today as part of the Green Line
(3). It has been extended over the years and, in the last

" decade, most of its stations have been modernized. How-
ever, it no longer provides streetcar service. Rather,

the fouF Tines radiating from the tunnels run largely on

PesETved tracks in boulevard medians; the Riverside
e is~Completely grade separated. This line operates
ata V of 25.4 Km/h (15.8 mph) overall or 36.2 km/h
(22.5 mph) in the section west of the subway. It competes
-effectively with other modes for commuter traffic to
Boston from the western suburbs, Other Boston LRT
lines serve heavily built-up areas, including at least
four colleges and universities. Major cultural and en-
tertainment facilities —Symphony Hall, the Museum of
Fine Arts, the Museum of Science, the Municipal Audi-
torium, Fenway Park (baseball), and the Boston Garden
(hockey and basketball) —all are served by the Green Line.

The subway portion of the Green Line is the only rail
transit facility that follows the spine of Boston's elon-
gated CBD, which stretches from Goverament Center
around the Boston Commeoen to Back Bay (2). The Green
Line also has direct interchange stations In the CBD with
all three of Boston's rail rapid transit lines and, at
North Station, with Boston and Maine commuter rail ser-
vices to the northern suburbs. In addition, it also inter-
sects many bus routes throughout its service area, All
of this results in outstanding system connectivity. These
factors help explain why the Green Line is the most
heavily used of Boston's four line-haul rail transit
routes and carries more passengers daily than any of
the others, as well as why it is the most intensely used
U.S. LRT system {Table 2).

COMMUNITY CHARACTERISTICS
OF THE SERVICE AREAS

Boston's example clearly demonstrates that transit sys-
tems exist successfully only as useful parts of the total
urban fabric. To understand and evaluate existing LRT
and streetcar systems, it is necessary to describe the
kinds of populations and communities they serve.
Several socioeconomic indicators were developed
by using data from the 1970 U.S. Census at the census-
tract level to show how LRT service areas in different
cities compare with one another. Tracts through which
LRT or streetcar lines pass have been analyzed and are
assumed to be synonymous with the service area; i.e.,
most park-and-ride and feeder-bus patrens are ignored.
Daia have not been assembled for the shortest systems:
Detroit, Fort Worth (which serves no resident popula-
tion), and Mattapan-Ashmont {the shorter of Boston's
two systems). Table 3 presents the results of the
census-data investigation. The various LRT and street-

car systems can be seen to serve populations ranging
from 47 000 to nearly 760 000, or from roughly 1 to 15
percent of the population of the total metropolitan area,
depending on their location, length, number of routes,
and 50 on, . .

The mean income levels and income distributions
shown for the several service areas indicate that LRT,
although it accommodates substantial numbers of poor
people, is a vehicle for all classes. The Shaker Heights
Rapid Transit System provides an example. While it
serveg several tracts in-Cleveland in which the mean
annual income was about $5500 in 1970, its main rider
pool comes from Shaker Heights, where the 1970 mean
income was $26 674, Similar variations from tract to
iract may be observed in other LRT service areas, al-
though they are not always so pronounced,

For Boston's Green Line, the mean income in 1970
was $11 250 for LRT tracts in the city of Boston,
$17 693 in Brookline, and $22 896 in Newton, compared
with $10 272 for the city of Boston as a whole. This
shows that LRT, in some of its present applications, -
serves markets made up largely of riders who could, if
they wished, choose to use other transportation.

Age composition is rather stable, Where the group
of riders under 18 is smaller (Boston, New Orleans,
San Francisco}, the difference is shared relatively -
evenly by the groups of those 18 to 64 and those 65 and
over. LRT serves areas of cities that have large black
populations (e.g., Newark, Philadelphia, Cleveland, and
New Orleans); in the San Francisco service area, a sub-
stantial non~black minority population (mostly Asian-
Americans and some Mexican-Americans) is included.
The sex groupings confirm only that females slightly
outnumber males generally,

Variations in the density of development of the ser-
vice areas may be more important to system develop-
ment. Table 4 lists the total population, number of
housing units, and land area for each service area and
then uses these data to calculate the population per
souare kilometer, the number of housing units per
square hectometer, and the number of people per hous-
ing unit, The last, as expected, is generally smaller in
the CBDs than in the residential areas of core cities,
which in turn show smaller values than suburban areas.
Densities of population and housing units are also rela-
tively low in the CBDs, since these are principally areas
of work rather than residence (San Francisco is an ex-
ception). However, both peak for residential areas
within city boundaries, then trail off in the typically
newer, more spread-out suburban areas, It may be noted
for reference that building plots of 15.2 by 30.5 m (50 by
100 ft) represent a density of 20 housing units/hm? (8
housing units/acre), assuming single-family houses and
allowing for street right-of-way.

Some interesting inferences can be drawn by evaluat-
ing these indicators in light of the figures on system use
developed in Table 2. This is done in Table 5. Only
CBD-oriented systems are included, since the rapid
transit feeder lines (Media-Sharon Hill and Norristown)
and Philadelphia’s streetcar network do not exhibit simi-
lar patterns, The two indicators of the intensity of use
of the systems decline together. This would seem to in-
dicate larger pools of regular riders on the more in-
tensely used systems. In San Francisco, some trips to
the CBD may be made on other modes: automochiles or
the Bay Area Rapid Transit (BART) line that begins in
Daly City. Both this line and a freeway parallel each
other along the southeastern edge of the streetcar ser-
vice area. The Muni streetcars operate at relatively
low average speeds, as the table indicates, This prob-
lem has been recognized, and a current program to up-
grade the system (described in a later section of this
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Tahle 3. Summary of socioeconomic indicators for the service areas of LRT and streetcar systems.

Population (GOQS)

Percentage of Families With Income

Percentage of

Mean Population
Metro- Family $5000 - $1¢ 000 S5 000 325 000 Race (%) Sex {#
Service politan Core Income Under ' to to ] and Under 181ic 65 and

System Area Area City (%) $5000 $0999  $14 999  $24 990 Over 18 i1 Over White Black Qther Female Male
Boston Green Line 282 2899 641 15 102 16 27 23 20 14 18 67 15 92 5 3. 56 44
Newark City Subway 47 2055 382 8 902 27 37 23 11 2 32 63 5 63 35 2 51 49
Philadelphia 4818 1950

Streetcars 758 8 647 24 37 25 12 2 32 56 i2 80 39 1 53 47

Subway -surface 254 8178 22 37 28 13 2 3 . 58 1t 47 52 1 53 47

Media-Sharon Hill 110 13 518 8 27 33 25 T 32 57 11 99 1 - 53 47

Norristown Line 66 17 005 8 23 27 28 14 30 B0 10 96 4 - 51 49
Pittsburgh:

South Hills 157 2401 520 12 822 11 30 32 21 6 34 56 10 97 3 - 53 47
Cleveland: . .

Shaker Heights 91 2064 751 16 580 20 25 20 187 17 30 56 14 . 65 - 34. 1 54 - 46
New Orleans: .

St. Charles Line ki 1046 593 12 291 32 30 16 12 10 25 60 15 64 35 1 54 46
San Francisco Muni 275 3110 76 12 732 18 28 21 22 7 21 64 15 80 11 9 51 49
Table 4. Density of development in the service areas Persons Housing Units | Persons
of LRT and streetcar systems. Housing  Area per Square  per Sguare per Housing

System Populatien Units (k) Kilometer Hectometer Unit
Boston Green Line .
CBD . 8570 5021 4.9 1 700 10,2 1.7
Brookline 52 659 20 958 10.6 5 000 19.8 2.5
Newton 45 05 12 779 26.2 1 00 4.9 3.5
Qther Bosten city 175 871 71 561 14.2 12 400 50.4 2.5
Overall 282 157 110 329 55.9 5 000 19.7 2.8
Newark City Subway o
CBD 5296 3T 1.8 5 200 2L.0 2.8
Other 37 186 13 070 5.4 € 900 24.2 2.8
Ovwerall 46482 16 B4l 7.2 6 500 23.4 2
Philadelphia
Streetears
CBD 16 434 10 108 31 5 300 32.6 1.6
Other 741 546 242 333 85,5 8 700 28.3 3.1
Overall 758 030 252 441 88.8 8 800 28.5 3.0
Subway-surlace
CBD 5 590 3 561 0.8 7000 44.5 16
Other 248 536 B3 430 25,1 9 901 33.2 3.0 -
Overall 254 126 86 901 25.9 9 800 33.6 2.9
Media-Sharon Hill 110 210 36 275 36.0 3 100 10.1 3.0
Norristown Line G5 682 20277 36,5 1 800 5.6 3.2
Pittsburgh: South Hilis
CBD 2 944 1401 1.0 2 000 14.0 2.1
Other 154 307 46 968 62.9 2 500 7.5 3.3
Overall 157 251 48 389 63.9 2 500 7.8 3.2
Cleveland: Shaker Helghts bl
CBD 1201 419 4.4 300 1.0 2.9
Shaker Heights 36 306 12 885 16.1 2 300 8.0 2.8
Other Cleveland city 53 646 21877 3.7 3 900 16.0 2.4
Overzll 01 153 35 181 34.2 2 700 0.3 2.6 -
New Orleans: St. Charles Line
CBD 2 604 1933 3.1 800G 6.2 1.4
Other 74 026 30020 16.1 4 600 18.6 2.5
Overall 76 630 31 953 10.2 4 000 16.6 2.4
San Francisco Muni
CBD 23 509 19275 2.8 8 400 68.8 1.2
East of Twin Penks 87 520 38 456 8.3 10 500 46.3 2.3
West of Twin Pecaks 164 2317 83 552 Ll 5 300 20,4 2.5
Querall 275 266 121 733 42.2 6 500 23.8 23

Wote: 1 km? = 0.4 mile? and 1 hm? = 2.5 seres.

paper) should raise the system speed substantially.
Philadelphia's subway-surface system must compete
with rail rapid and commuter rail services in some por-
tions of its service area, Four commuter rail stations—
49th Street, Angora, 52nd Street, and Overbrook—~sgerve
portions of West Philadelphia that are within the catch-
ment areas for subway-surface routes 10, 11, 13, and
34; they may be taking some riders who otherwise would
use the trolley, especially at peak commuting hours,
Darby, at the outer end of route 13, is also served by
commuter rail. North-south bus routes erisscrossing
West Philadelphia act as feeders to the Market-
Frankford subway-elevated system and may provide
faster trips downtown {in either real or perceived
terms) for some subway~surface service-area residents.
-~ The Newark City Subway, as noted earlier, has the
smallest total service-area population of any of the LRT
and streetcar systems studied, While several of the for-
mer rail routes that have been converted to bus routes
run through to the CBD, there still are some routes that
feed the City Subway at Franklin Avenue, Park Avenue,

L

and Norfolk Street. It may be that riders from these
feeder lines and from commuter trains who use LRT to
reach CBD offices from Pennsylvania Station are swell-
ing the number of subway users; this would inflate the
figure for the mimber of rides per person residing in
the service area. :

On the hasis of the limited data and statistics pre-
sented in this section, the following conclusions appear
to have at least some validity, although the small num-
ber of systems makes generalization difficult.

1. Existing LRT and streetcar systems usually are
located in areas of moderate to high population and
housing ~unit density, . .

2, LRT and streetcar systems serve financially and
ethnically diverse populations. Systems that serve CBDs
or feed rapid transit lines are able to attract large num-
bers of riders who could use other modes of transporta-
tion but find LRT to be convenient.

3. Although the data are not conclusive, it does ap-
pear that systems operating in areas of relatively high
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Table 5. Comparison of intensity of use and trip

- ’ Ave Weekday Average Estimated - Estimated
characteristics of CBD-oriented systems., ' Passengers Annual Rides  Operating  Typical _ Typical
- per Kilometer per Capita in Speed Trip Length Trip Time
System . of Line Service Area * (km/h) (k) {min)
Boston Green Line 3400 148 20.0 T.2 22
San Franciseo Muni 3300 109 15.3 5.5 21
New Orleans: St. Charles Line 2400 102 15.0 - 5.2 21
Phitadelphia subway-surface 1800 ki) 13.0 5.0 17
Newark City Subway 1200 52 32.2 4.5 2
Cleveland: Shaker Heights 900 52 37.0 12.6 20
Pittsburgh: South Hills 600 45 22.0 1L.3 3
Note: 1 km = 0.6 mile,
Table 6. Type of right-of-way oceupied by LRT and streetcar systems.
Location of Line {km)
Surface
Percentage of [ine Avg
Subway Private Operating
or Grade Right-of- Reserved Mixed Grade Mixed Speed
System Tunnel Separated Way Median Lane Traffic  Total Separated Reserved Tralfic (km-h)
Boston
Green Line 7.2 1.1 0 15.3 0 4.2 43.8 55 35 10 20.0
Mattapan-Ashmont a 4.2 0 1] 0 i} 4.2 99 - - 19.3
Newark City Subway 2.1 4.6 0 a 0 0 6.7 99 - - 32.2
Philadelphia
Streetears 0 1] 0 9 4.2 8.2 82.4 - 5 85 14.5
Subway -surface 4.0 0 0 1.6 0 30.3 35.9 11 5 84 18.0
Media -Sharon Hill 0 0 16.2 0 0.3 2.6 19.1 - 87 13 25,8
NRorristown Line 0 21.9 o 0 0 a 21,8 100 - - 49.9
Pittsburgh: South Hills 1.1 [¢] 28.2 0.3 0 9.8 39.9 3 73 24 22.0
Cleveland: Shaker Heights o 11.3 4] 9.8 o Q 21.1 53 47 ¢ 37.0
New Orleans: St, Charles Line o 0 o 9.0 0,2 1.3 10.5 - 88 12 15.0
Fort Worth: Tandy Center Subway 0.8 1.1 0 1) 0 0 1.9 100 — - 25.8
San Francisco Muni 5.2 b 1.8 242 ¢ 18.3 29.3 17 20 63 15.3
All systems 20.4 §0.2 46,0 40.7 4.1 144.6 316.7 25 29 46 219

Note: 1km = 0.6 mile.

population density are used more intensively than lines
in lower density areas, even though the latter may offer
higher average operaling speeds.

EVALUATION CRITERIA

As Table 1 indicates, the average operating speeds of

the various LRT and streetcar systems have a broad
range: 15 to 50 km/h (9 to 31 mph). The remainder of
this paper examines the sources of these variations and
attempts to classify each operating system as an LRT

or streetcar system, The concise definition adopted by
TRB's Committee on Light-Rail Transit in spring 1976
{17) is the yardstick against which each existing system
was evaluated, The prime consideration in this defini-
tion is right-of-way location.

Light-rail transit is a mode of urban transportation utilizing predomi-
nantiy reserved but not necessarily grade-separated rights-of-way. Elec-
trically propelled raii vehicles operate singly or in trains. LRT provides
a wide range of passenger capabilities and performance characteristics at
moderate costs.

Relevant information on each LRT and streetcar sys-

each system, listing the types in descending order of
protection of interference from other traffic. The per-
centages of the lines that operate on grade~separated
or reserved rights-of-way are also shown in Table 6,
Right-of-way location is a principal factor affecting
overall average speed (V). Higher Vs generally coin-
cide with greater degrees of reservation and lesser in-
terference from other traffic. The aptly named Norris-
town High-Speed Line is completely grade separated and
achieves a V of 50 km/h (31 mph}; the Philadelphia
streetear system, which has a V of 14.5 km/h (9 mph),
has only 5 percent of its lines located on the lowest
guality right-of-way reservation. There are exceptions
however. Boston's Mattapan-Ashmont Line has only one

crossing at grade but averages only 19.3 km/h {12.0 mph).

The St. Charles Line in New Orleans is 88 percent re-
served yet averages only 15.0 km/h (9.3 mph), while the
Media-Sharon Hill lines, which are 87 percent reserved,
average 25,7 km/h (16.0 mph).

Other factors must be examined, These include fre-
guency of passenger stops, freguency of at-grade cross-
ings, track traffic patterns, signal systems, and vehicle
performance (4,7, 9, 10, 14, 16, 18, 19,20, 21) Indicators

and 9.

Boston Green Line

The Green Line, 43.8km {27.2 miles) of line and four
routes totaling 58.1 sérvice route km (36,1 service route
mlI"s), is the larger-of the e Boston area's two physically
separate systems. Only one of its routes has any unre-
served street trackage: 4.2 km (2.6 miles) or 10 percent
of the system total at the southern end of the Huntington
Avepue line, The remainder of this line and the surface
portions of the Beacon Street and Commonwealth Avenue
routes are located in reserved boulevard medians. The
line to Riverside was tonverted froni Commuter rail to
LRT operation in 1959 and is completely grade separated.
All lines, as described earlier, pass under the CBD in
subway.

Despite having 90 percent reserved right-of-way, the
system V ig only 20.0 km/h (12.4 mph). The Riverside
line has a V of 26.4 km/h (15.8 mph), Commonwealth has
a V of 16.1 km/h (10.0 mph), Beacon has a V of 16.4 km/h
(10.2 mph), and Huntington has a ¥V of 17.4 km/h (10.8
mph). Perhaps the major reason these Vs are so low is
the intensity with which the system is used. It is not un-
common for cars to carry standees in the subway even
during base periods, and crowding occurs during rush
hours, even though two- and three-car trains are oper-
ated. As a result, loading and unloading are slow, es-
pecially when the left-hand sides of Presidents' Confer-
ence Committee (PCC) cars (which have only a single




set of doors) are al center-island station platforms, On
the surface portions of outbound trips, V is further re-
strained by a pay-as-~you-leave fare collection system
that regires each alighting patron to'use the car's front
door. Other factors affecting performance may be noted

Table 7. Frequency of stations and at-grace crossings.
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in Tables 7, 8, and 9. Although stations have typical -
LRT spacing, the reserved, at-gradeportions of the sys-
tem average an at-grade crossing every 0.32 km (0.2
mile). 'Most of these crossings are controlled by street
traffic signals. Soine of those along Commonwealth

Philadelphia New Fort
Boston Pitts- Cleve- ~ Orleans: Worth:
Newark Media-  Norris-  burgh: land: t. Tandy San T
Green Mattapan-  City Street- Subway- Sharon  -lown South™ Shaker . Charles Center Francisco . All
Ttem Line Ashrmont Subway cars Surface  Hill Line Hills Heights Line Subway  Muni Systems
Stations or car stops B
Grade separated 15 7 0 1} 8 1 22 0 9 0 4 2 78
Reszerved 54 1 1 29 11 .38 0 &0 1% 45 o 45 323
Street B0 il U VA o 8 K 5 0 138 788
Total 94 8 1t 453 . 166 50 22 88 28 50 4 183 1167
At-prade crossings (in reserved right-of-way)
Railroad flashers or preemptive traffie -~ ' ; .
signals . 1 [l 0 1 31 1] 7 0 0 1] .0
Nonpreemptive traflic signals {48 o 1 10, 3 11 n 1] 20 | 16 0 {39
Warning signs 0 - 0 14 0 3 0 36 0 1 0
No proteetion .o a 0 .9 0 e 0 0 0 B1 0. 0 .
Tolal . 48 1 1 24 4 45 0 43 20 98, )] 39 323
Grade separations {overpasses and under- . . .
passes} 26 8 8 0 [ 2 36 14 26 1 "D 2 145
Avg spacing, km .
Stations {separated and reserved) 0.58 0.6 0.68 Q 0.29 0.42 1.0% 0.37 0.76 0.18 .64 0,23 0.43
Car stops (lings in streets) ~ 0.16 0 L] .18 0.21 0.24 Q 0.31 0 0.26 Q. 0.13 0.19
Stalions or car stops (entire system) 0,47 0.60 .68 0,18 0.21 0.39 1.05 0.37 0.8 0.21 0.64 0.18 0.27
Grade crossings (reserved right-of-way
only) 0.32 2.09 3.38 0.19 0.3 0.37. 0 0.66 0.50 0.10 ] 0.14 0.29
Note: 1 km =016 mile,
Table 8, Track traffic patterns and signal systems.
Track Traflic Patterns
Control of Train Operations
Single Track
Automatic Block Stroel Traffic
Douhle Track Two-Way Running  One-Way Running Signals Signals Unsignalled
KRilo- Kilo- Kila- Tatal Kilo- Kilo- Kilo- Total
System reters  Percent meters Percent meters Percent (km) meters  Pereent  meters Percent meters Percent  {km)
Boston
Green Ling 43.8 100 i} - 0 b 43.8 24.3 56 19.5 44 0 —_ 43.8
Mattapan~Ashnmont 4.2 100 0 - a - 4.2 4.2 100 1} - [ - 4,2
Newark City Subway 6.7 140 0 - a - 6.7 8.7 100 0 - .0 _ 6.7
Philadelphia
Streetcars 61.3 4 0 - 211 26 82.4 o - 82.4 100 0 - 82.4
Subway-surince 35.1 98 0 - 0.8 2 35.9 3.4 9 32,5 g1 9 - 35.9,
Media-Sharon Hill 13.7 71 5.4 29 0 - 19.1 5.4 29 4.8 25 8.9 46 19.1
Norristown Line 20.8 95 1.1 5 1] - 21.9 21.9 100 o] it i} — 21.8
Pittsburgh: South Hills 27.0 68 10.8 24 2.3 5 39.9 26.4 66 10.6 aT 2.9 7 39.9
Cleveland: Shaker Heights 21.1 100 0 - il - 21.1 17.9 89 [} - 3.2 15 21.1
New QOrleans: St. Charles Line 9.0 26 0 - 1.5 14 10,5 0 - 10.5 100 0 — 10.5
Fort Worth: Tandy Center Subway L9 100 0 - 0 - 1.9 o - 0 - 1.9 100 1.9
San Francisco Muni 20.3 100 o - o 29.3 0.8 3 24,2 82 4.3 15 20.3
All systems 273.9 a7 17.1 5 25.7 8 316,17 111.0 30 184.5 58 21.2 # 316.7
Note: 1 km = 0.6 mile,
Table 9, Characteristics of revenue service vehicles.
Mechanical Bata Operability in Trains
Car Body
Kilo- Pereend -
Flect walts Acvceler-  Balancing Type Avy age of Stafl  Age of
por ation Speed of Weipht Fleet per Fleet Power
System Type Number  Axles Molors Motor {m- s} {km b} Unil* (M) Equipped  Car (vears) Seals Culieelor®
Boston
Green Line Boeiny
Vertol 32 [} 3 137 1.2 80 31 100 1 1 52 r
Maltapan-Ashmont PCC 276 4 4 41 1.8 72 17 83 1 268 to 36 52 T
Newark Cily Subway PCe 15 4 4 41 1.8 72 17 a - 26 to 36 52 T
Philadelphia pCe 26 4 4 41 1.8 72 15 a - 25 tn 31 54 T
Strectears and
subway-surface PCe 350 4 4 41 1.8 2 8. 8E 16 0 - 23 to 38 A5t0 53 T
Media -Sharon Hill Suburban iz 4 4 41 1.6 97 3. DR 101022 41 1 281(p 45 59 T
Noreistown Line High 21 40 10 4to8 7540 83 0.7 145 519}, A{2): 24 (o 95 290 1 36 to 53 52 1v 141 8
dpeed DE
Pittsburgh: Soull Hills  PCC 05 4 4 41 1.6 72 5 8E 15 1] — 28tn32 30tobsd T
Cleveland: Sluker
Heights pee 57 4 4 41 1.8 2 17 tn 20 a1 1 20te 31 B0toG2 T
New Orloans: St Cily 35 4 2 44 0.8 L B] 511 a0 0 — 23 te 54 52 T
Charlet Line streetear
Forl Wortlh: Tandy
Center Subway Pee 10 4 4 41 1.8 72 - 0 - 32 30 T
Sun Franecisco Muni rCe 115 4 1.8 17 0 - 26 to 30 T

Note: ¥ kW e L3hp, Toes 331, 1 km = 0.6 mile,
= articulatect, § = singjfe wnit, DE = doubyle e, SE = sanpe untld,

" P = pantograph, T = teoliey pole, § = third rail shot.

amel T Mg~ 1.1 wn,

4 41

72

53 to G0
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Avenue are known to be preemptive, but exact informa-
tion was not available.

As of August 1977, most of the cars in use were PCC
cars, but 32 new Boemg Vertol light-rail vehicles
(LRVS} have been accepted for service. Fully 83 per-
cent of the PCC fleet is eqguipped for multicar operation,
as are all of the LRVs. PCC acceleration is adequate,
as is maximum speed, given the system's physical re-
strictions (grade crossings, sharp curves in the subway,
proximity to traffic when operating in streets and on
some narrow medians). The somewhat higher halancing
speeds of the new LRVs will be beneficial principally on
the Riverside line, where station spacings outside the
gubway are a relatively long 1.37 km (0.85 mile) and
there are no grade crossings. The Green Line clearly
meets the cr1ter1a of the deﬁmtmn of an LR‘T

Mattapan-Ashmont Line

The Mattapan-Ashmont Line, 4.2 km (2.6 miles) long,
feeds the rapid transit Red Line (Harvard-Ashmont) at
its south end. It is virtudlly all grade separated; there
is one at-grade crossing. Average stat1’6n—§"—mfng is
0.60 km (0.37 mile) but, because there is little deviation
from the average—0.16 km (0.1 mile) or less—there are
no long runs at balancing speed. Only gingle cars are

run, but peak-hour headways are as close as 2 min.
This line also clearly fits the LRT definition.

Newark City Subway

The Newark City Subway, 6.7 km (4.2 miles) long, also
has only one street crossing at grac e. This erossing,
at Orange Street, is “controlled by a nonpreemptive traf-
fic signal, the only significant impedance to speed on
the line, This, combined with somewhat longer station
spacings than on the two Boston systems, as well as
much lighter patronage, results in a substantially higher
¥ of 32 km/h {20 mph). Sinigle PCC cars are operated;
the Iine has double tracks and is block signaled through-
out. This system, too, is correotly classified as LRT,

Philadelphia Streetcars

The city streetcars of Phlladelphia do not now form a

containing the fracks. Although the initial costs for
such reservations arve low, their effectiveness depends
on enforcement. This does not seem to have been ade-
quate so far, and the lanes have not increased streetcar
speeds enough to lure many people out of their automo-
biles, as had been hoped by the U.S5. Environmental Pro-
tection Agency, which ordered their installation. Route
6, which has apout 2.7 km (1,7 miles) of reserved lanes,
still runs at a V of 14,5 km/h (9.0 mph); Route 15 con-
tinues to be the slowest in the system at a ¥ of 11.7 km/
h (7.3 mph), although it has not quite 1.5 km {1 mile) of
reserved lane in a total length of 13.4 km (8.3 miles).

Opportunities for increasing V appear to be minimal.
If stops were made every other block instead of every
block and if the traffic signals at intersections between
stops were made preemptive, the number of stops could
be halved. However, this might not be practical on
many portions of the streetcar lines.

Philadelphia Subway-Surface Lines

The five subway-~surface lines link West Philadelphia

regidential areas with the CBD. Just to the west of the

CBD, they pass through University City, home of two

major universities; the University of Pennsylvania and
Drexel University. Because they run in 2 4.0-km (2.5~
mile) subway under University City into the heart of the
CBD at City Hall, their V is somewhat higher; it ranges
from 15.1 km/h (9.4 mph) for Route 10, which leaves the
tunnel after only 3.2 km {2,0 miles) of its 9.3 route km
{5.8 route miles), to 19.8 km/h {12.3 mph) for Route 36,
which in addition to a full 4.0 km (2,5 miles) in the sub-
way includes 1.6 km (1.0 miles) of median trackage,

The V for all five routes is 18.0 km/h (11.2 raph), which
puts it at the lower end of the 16 to 32-km/h (10 to 20-
mph} range usually quoted as typical of LRT.

Single PCC cars are used. Headways in the subway
shrink to as little as 30 Mﬁg&&ds about as
¢Io8e as is physicaily possible. Any further increase in
car throughput would reguire consideration of multicar
operation during rush hours.

The subway was opened in two stages. The eastern
portion was completed in 1905 as part of the Market-
Frankford subway-elevated line construction. In this
segment, express subway trains use the center pair of
tracks in a four-track tunnel, while streetcars use the
outer pair and provide local service at three stations not
served by rapid transit, The West Philadelphia section
of the tunnel opened in 1955. It was bu11t entirely within
street lines and thus includes three 90° curves that have
20-ro (100-ft) radii around which cars must ereep. This
routing, which was chosen to reduce construction costs,
has resulted in long-term operating inconvenience.

Like the Green Line, the subway-surface lines pro-
vide a good illustration of LRT's branching capabilities.,
There are at least two happy results of having a group
of branches joined to a trunk that is planted firmly in
the CBD. First, the branches act as distributors in the
residential areas so that patrons may board and alight
within walking distance of their homes yet have a single-
vehicle, no-transfer ride downtown. Second, service on
the trunk can be very good, even during nonpeak hours,
The subway-surface lines run at 12 to 20~min intervals
at these times, and four of the five routes pass under
the University of Pennsylvania. Average base headways
between the university and the CBD are about 3 to 5 min.
Despite the deficiencies noted above {much sireet running
and sharp curves in the subway), the Subway-surface
Tines offer a quality of service that although it lacks
high speed, must be considered to be within the spirit
of the LRT concept

P

Media-Sharon Hill Lines

The Media-Sharon Hill lines serving Philadelphia's
southwestern suburbs constitute a nearly perfect example
of the LRT concept. They are located predommantly {87
percent) on reserved right-of-way but include some

‘street running where this ¢ould not be economically

avoided, Stations are spa,ced on average 0.42 km (0.26
mile) apart. At-grad

(0.23 mile), and ‘there are two areas “of grade separa,tmn
The track traffic pattern combines doublé-track (71 per-
cent) and single-track (29 percent) operation, all with
two-way running. Single-track segments are protected
by block signals, but double~track portions are largely
unsignaled except for blind curves. In peak hours, both
local and zone express services are run.

The cars used truly fit the LRT concept, even though
they antedate the use of the term by many years, Three
series of cars are operated in regular service; they
were built in 1932 (10 cars), 1941 (9 cars), and 1949
(13 cars)., The newest group is equipped for operation
in two-car trains. All of the cars can reach nearly 100
km/h (60 mph) but rarely exceed 80 km/h (50 mph) on
the lines now operating (one of two abandoned routes




bad 100-lam/h track). Even so, the V is 25.8 km/h (16 °
mph) to 27 km/h (17 mph) for Media and 23 km/h (14.5 E
mph) for Sharon Hill,

Recent events-on the Media-Sharon Hill lines serve
to illustrate how the concept of incremental improve-
ments can be applied on a small scale. Two short seg-
ments of second track that together total less than 1.6
km (1 mile) were installed on the Media line within the
last 5 years to eliminate the single-track running that
had caused operating delays while cars waited in sidings
for opposing traffic to clear. Operations were thus im-
proved at moderate cost. Other work included the re-
construction of old passenger shelters and the placement
of additional shelters at stops.

Norristown High-Speed Line

The Norristown H1gh—Speed Line, which is completely

if'“ng‘ﬁ'fh“”[}’mted States that has high-platform stations,
and it is the only one that has a third-rail power distri-
bution system. Although these characteristics may
make it seem more like rapid transit than LRT, the
line's use of on-board fare collection at all times and
mostly single-car trains allows it to be classified as
LRT,.

In addition to being free of grade crossings, the line
has the longest average inferstation spacing of any sys-
tem discussed: 1.05 km (0.65 mile). Effective station
spacing is further increased through use of a unique
flag-stop indicator system that allows trains to skip
stops if there are neither boarding nor alighting passen-
gers, Each intermediate station platform has a cord
that passengers pull to light a white signal located far
encugh in advance of the station to allow car operators
to stop safely, If the signal is lit, the car stops; other-
wise it runs past at full speed.

These factors permit the fleet of truly high-speed
cars to attain a V of 50 km/h (31 mph), which is fast
for rapid transit, let alone LRT. Changes in motor
field taps now limit the maximum speed to about 110 .
km/h (70 mph), but the cars were capable of 145 km/h
{90 mph) for two decades. Between 1850 and 1952, be-
fore these changes were made, rush-hour expresses
that made only two 1ntermed1ate stops covered the 21.9
km (13.8 miles) to Norristown in 17 min, a ¥V of 77 km/h
(48 mph).

Three distinct classes of cars are used. There are
9 cars dating from 1924 to 1929, 10 cars—the wind-
tunnel~tested Bullets—from 1931, and two 4-car, triple-
articulated trains originally built in 1941 for express
Chicago-Milwaukee service—~the Liberty Liners—that
were acquired secondhand,

Pittsburgh South Hills Lines

The South Hills lines in Pittsburgh are CBD oriented
but do not have a downtown subway. They circulate
through the business district on unreserved tracks in
city streets. The question of these lines' survival has
been debated for the last decade, but the decision now
has been made to retain and improve them (22).

In its heyday, the Pittsburgh Railways—private pred-
ecegsor of the public Port Authority Transit—ran city
streetcars, suburban car routes, and interurban lines
to smaller cities around Pittsburgh, All used the same
tracks in the city; the interurbans used suburban lines
to the fringes of the urbanized area. As noted earlier,
the Library and Drake lines are remnants of once-
longer interurban routes, The Mt, Lebanon line is a
suburban operation. One streetcar line remains, the
route that runs up and over Mt, Washington,
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The two interurban lines, which run on private right-

[ of-way outgide the CBD, are the longest and fastest
* foutes; the Library Iine is 20.4 km (12.7 miles) long and

has a V of 25.7 km/h (16 tph), while the Drake line is
17.4 km (10.8 miles) long and has a V of 24,9 km/h (15.5
mph). The Mt, Lebanon line, 11.7 km (7.3 miles) long,
includes the only median trackage a stretch of 0,8 km -
(0.5 mile), Despite 1ts considerable length of reserved
right-of-way, it operates at a V of 13.8 km/h (8.6 mph)
because it has closer stop spacing—0.29 km (0,18 mile)—
and more frequent grade crossings—0.50 km (0.31
miles) —than are found on the interurbans, The streetcar
line, which runs on narrow streets and up steep grades
over Mt. Washington, averages only 11.3 km/h (7 mph).
The overall system ¥ is 22.0 km/h (13.7 mph); station
spacings follow typical LRT practice. On average, street
crossings on the reserved portions of the system oceur
gvery 0,66 km (0.41 mile), There are 14 grade separa-
tions.

Standard PCC cars run singly on all lines, Fully two-
thirds of the line length is protected by block signals, in-
cluding three sections of single track that have passing
sidings. This is the last operating example in the coun--
try of what was once typical light-density electric rail-
way practice, i.e., sidings long enough for only three or
four cars and equipped with equilateral turnocuts so that
both tracks diverged instead of having a through route
and a siding as is usual in railroad practice.

New track standards adopted by Port Authority Tran-
sit—45-kg (100-1b) rail, 61-cm (24-in) tie spacing, and
30.5-cm (12-in) slag ballast section—should, when fully
implemented, result in better ride guality than now exists
on much of the system. In addition to improving its open
track, a portion of the right-of-way north of Castle Shan-
non is being rebuilt with track embedded in concrete for
joint use by buses and rail cars, The Mt, Washington
tunnel has been paved for the same reason. This con-
struction, when completed, will result in one of the more
unusual examples of joint right-of-way use.

In its present state, Pittsburgh’s system must be cate-
gorized as a hybrid, The two interurban lines clearly
fall into the LRT classification; the Arlington~-Warrington
line over Mt, Washington is just as clearly a sireetcar.
Finally, the Mt. Lebanon route, because of its frequent
stations and grade crossings, can best be deseribed as
a streetear line that has incipient LRT right-of-way
qualities,

Shaker Heights Rapid Transit

Shaker Heights Rapid Transit, which is now part of the

Greater Cleveland Regional Transit Authority {(RTA}, is
a second example that seems to epitomize the LRT con-
cept, Its ‘two branches Operate 1n broad suburban boule-

Cleveland The last 4. 0 km (2.5 mlles) into Cleveland
Union Terminal are run on tracks shared with the rapid
transit traing of the RTA's ea&t-west line to the airport.
This is another example of joint use: different types of
electric rail vehicles use the same tracks.

As originally conceived, the Shaker Heights Rapid
Transit was to have used heavy multiple-unit cars like
those used until recently by the Illinois Central Railroad
in Chicago. This concept was carried through into the
construction phase and is evident in the heavy-duty line
between downtown and Shaker Square, the junction of the
two branches, Even though three- and four-car trains
are run during peak hours, the system resulting from
the use of light-rail technology is much more compatible
with its surroundings in Shaker Heights than railroad
commuter cars would have been.
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Table 10. Classification of systems as LRT or streetcar operations.

Avg
System

Operating
Speed
Category ' . System : ' : {km1/h}
‘Light-rail rapid transit Narristown High-Speed Line 49.9
Light-rail transit group’l Cleveland: Shaker Heighis . 37.0
Newark City Subway 33.2
Philadelphia: Media-Sharon Hill lines 25.8
Fort Worth: Tandy Center Subway 25.8
Light-rail transit group 2 Pittsburgh: South Hills 22.0
Boston ’ -
Green Line X 20.0
Mattapan-Ashmont 19.3
Philadelphia subway-surface : 18.0
Slreetear . San Francisco Muni 15.3
New Orleans: St. Charles Line 15.0
Philadelphia streetcar 14.5

Note: 1 km = 0.6 mile.

The average station-spacing figure shown in Table 7
may be somewhat misleading, On the branches, stations
are typically 0.5 km (0.3 mile) apart; west of Shaker .
Square the average distance between stops is 1.6 km {1
mile). Virtually the only impediments to operation are
20 nonpreemptive traffic signals for at-grade crossings
on the branches. Despite these, Shaker Heights Rapid
Transit is the country's second fastest LRT system.
Trains are protected by block signals except at the far
outer ends of the branches, and all but five of the PCC
cars are equipped for muiti-car operation.

St, Charles Streetcar Line

The St. Charles streetecar Iine, part of one of the few
large transit systems still operated by a privately held
utility company, is prized almost as highly by New
Orleanians as are the cable cars of San Francisco by
their local supporters. It is called a streetcar because
the last regularly used pre-PCC city cars in the country
V\serve the line. Although 88 percent of the route is re-
['served in the median of St. Charles Avenue, operating
i‘? speeds are at streetcar levels because of the short dis-
i tances hetween car stops—0.19 km (0,12 mile) on aver—
4 age—and the high frequency of grade crossings—about
,x every 0.10 lom (0.06 mile). Because of these conditions,
il faster cars would be of little use, and there appears to
"'he no special pressure to make the line speedier.
Patronage is sufficient to require short headways all
day: 3.5 to 4.5 min during peaks and 5 to 5.5 min during
midday. The reasons for this high ridership lie in the
areas served by the line. For most of its length, it
passes through a gracious, tree-shaded, but rather
thickly developed residential area. Low- and mid-rise
apartments are interspersed among the single-family
homes. A thriving subregional shopping area is located
at the turn from St. Charles Avenue to Carroliton Ave-
nue. Both Loyola and Tulane universities are served.
At its inner end, the line circulates through the CBD on

street track and reaches the edge of the French Quarter.

It serves both residents and tourists. Although the re~
served right-of-way gives the line the appearance of
LRT, it functions as a local streetcar,

Tandy Center Subway

The Tandy Center Subway in Fort Worth is unique in
two ways: It is the only U.5. LRT line that serves as a
shuttle between a CBD and peripheral parking lots, and

it is privately owned and operated without public subsidy.

The line was opened in 1963 by Leonards Department
Store. Both the store, actually a complex of several
buildings, and the LRT line have changed ownership
twice since then. The present owner has embarked on

an improvement program for.the line, which had been .
allowed to deteriorate under the previous management. .
Although the cars used by this system are secondhand -
PCCs from the abandoned Washington, I.C., streetear
network, they do not lock it. All have been air-
conditioned and modified for high-platform passenger .
loading. Constructed for single-end running, they have
been reworked for double-end operation. . Under the
latest refurbishing project, the cars are being stripped
to the frames and fitted with new car bodies that have
contemporary styling. The propulsion equipment is also
being overhauled but not significantly altered.

San Francisco's Municipal Railway

San Francisco's Muni operates one of the most diverse
surface transit fleets in the country: streeicars, frack-
less trolleys, buses, and—of course—cable cars, The
streetcar system is now in a transitional period during .
which it is being upgraded to LRT standards. Like other
gystems described previously, this one has the basic
strength of five branches tied to a centiral trunk line
1eading to a vital CBD. This basic characteristic is en-
hanced by the dense development of the system's service

" area—a result of its location on a peninsula and the fact
that two tunnels built to overcome steep grades also pro-
vide grade separation for portions of four of the five.
routes. Despite long-standing track reservations amount-
ing to.29 percent of the total line length, operating speeds
have been low because of frequent passenger stops and
cross streets,

The improvement program is geared to alleviate
some of these problems. As part of the BART construc-
tion project, a tunnel for Muni rail cars was provided
under Market Street from Embarcadero to the east por-
tal of the Twin Peaks Tunnel. Not only will this elimi-
nate traffic congestion, but the number of stops along
Market Street will be reduced by about 75 percent, to
seven underground stations (18).

Less dramatic, but already in service, is 2.6 km

\' (1.6 miles) of track in Judah Street converted from un-
| reserved street trackage to reserved median. This
Vwas accomplished by building U the area around the
tracks to a height of 7.6 ¢m (3 in) above the street pav-
ing and surfacing it with rough, exposed aggregate con-
4 crete (23). This increases the amount of reserved line
1 to 37 percent of the total, as shown in Table 6. Emer-
gency vehicles are allowed to use the median paving, as
are drivers making left turns info their own driveways.
Thus, the right-of-way is not exclusive, but it is re-
served. Some crossstreetsare reported to have been cut
off, but the exact number affected has not been obtained.

As mentioned earlier, the Improvement program—
which also includes new LRVS, reconstruction of tracks
and power distribution systems, and new maintenance
facilities—is expected to allow running time to be re-
duced. The L Line, which is 12.6 km (7.8 miles) long,

{will be covered in 34 instead of 52 min. This will in-
Aerease V from 14,5 to 22.2 km/h (9.0 to 13.8 mph).
'i8imilarly, the one-way running time for the N Line,
11,3 km (7.0 miles) long, is expected to drop from 50 to
1135 min, increasing V from 13.5 to 19,3 km/h (8.4 to 12.0
" 'mph). This will bring the Muni lines into the same range

of average operating speeds as Boston's Green Line.

SUMMARY

When all is said and done, the systemwide V rather ac-
curately summarizes all the factors that determine
whether a system should be classified as essgentially
LRT or as a streetcar operation {Table 10), Even though
the Muni is becoming an LRT system and the 5t. Charles
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line appears on the surface to have an LRT right-of-way,
both now provide streetcar service. The only anomaly
is Pittsburgh, in which there are two LRT lines, a slow
but largely off-street route (Mt. Lebanon), and a true
streetcar line. It does not appear coincidental that the
Pittsburgh system in its present state and at its typical
trip time of 31 min has the smallest daily ridership of -
any CBD-oriented system except Newark and Shaker
Heights, which pose special problems of urban and tran-
sit system development,

Some systems, such as the Shaker Heights Rapid
Transit and the lines in Philadelphia's western suburbs,
must be fast so that typical trip times are not unduly
long. Speed, however, is not gverything. The four sys-
tems in the group that have a ¥ between 18 and 22 kem/h
(11 and 14 mph} include two heavily used CBD-oriented
operations—Boston's Green Line and Philadelphia's
subway-surface lines. Typical trip times for these sys-
tems are about 20 min. More importantly, these lines
connect vital elements of the urban eore with each other
and with residential areas, For the latter, the trunk-
and ~branches configuration allows most riders to have
a single-~vehicle ride.

The currently operating LRT systems serve the kinds
of medium~ to high-density urban and suburban areas
that future development may well have to emulate as de-
creasing amounts of fossil fuels, especially petroleum,
make it more and more expensive to sustajn the
automobile-oriented spread-out style of life. This pro-
cess might be called the Europeanization of American
cities. Given the role that LRT plays in many areas of
Europe and the vitality of the cities thus served, sucha
trend might be more acceptable than we now think. Cer-
tainly, the quality of life along Boston's Green Line sup-
ports this notion.
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Operational Idiosyncrasies of a

Subway-Surface System

Joseph F. Boscia, Southeastern Pennsylvania Transportation

Authority, Philadelphia

The objectives of this paper are to acquaint the reader with the behind-
the-scenes activities that constitute the day-to-day operations of Phila-
deiphia’s subway-surface system and to pinpoint techniques and methods
that new systems could adopt to avoid some of the problems SEPTA
faces. The paper discusses daily operations, service interruptions, train-
ing, accident prevention, and support activities. The problems discussed
are accompanied by a discussion of the solutions adopted or those that

would be adopted if there were adequate funds and local cooperation.
Specific recommendations for new systems are summarized.

A daily rider of Philadelphia's subway-surface system
might describe a typical journey as follows:
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| live ctose enough to the car line to walk to the stop, and | usually only

wait a short time before a streetcar arrives. | get on board with the other
people and, if I'm [ucky, | find a seat. During the 20-minute ride 1 usu- ﬁ
ally either read the paper or just watch the signals in the tunnel flash by.

At 15th Street | get off and make my way to my job; narmally [ arrive
before my next-door neighbor, who drives to work.

Our passengers probably never give a thought to the
many behind -the -scenes activities that make their safe
arrival possible. I wish to describe these activities
here and provide an introduction to one of the most ef-
ficient ways of moving people—the surface-subway op-
eration of the Southeastern Pennsylvania Transportation
Authority (SEPTA). I will first review the history of
the system and then discuss daily operations and ser-
vice inferruptions, considerations for training and for
accident prevention, and support activities.

HISTORY OF THE SYSTEM

Some histerical background will place today's operation
in perspective. Subway construction fever gripped Phil-
adelphia at the turn of the century, and numerous com-
panies were chartered. One of these, the Market Street
Elevated Railway Company, advanced a plan for a route
to connect the western suburbs with the center city. The
track was to be elevated from 69th Street to the Schuyl-
kill River, cross that river on a new bridge, and then go
underground to the Delaware River via City Hall.

An interesting feature of the scheme was that West
Philadelphia streetcars would climb up on the bridge to
join the El before both trains and trolleys began the un-
derground trip to and around City Hall. El trains were
to operate as expresses in the two center tracks from
the Schuylkill River to City Hall. The trolleys were to
operate on the two outer tracks and make local station
stops at 24th and 19th Streets.

The surface-car subway, operated by the Philadelphia
Rapid Transit Company {(PRTC), was opened in Decem-
ber 1905, before the El's completion. Trolleys crossed
over at 19th Street to use the El tracks and temporarily
stub ended at 15th Street. In early 1907 the streetcars
were shifted onto their own tracks entirely and routed
around City Hall, looping under the newly opened El.
The eastern terminus was and is Juniper Street Station.

Almost as soon as the subway opened, PRTC ad-
vanced plans to extend it. One such idea called for a
surface-subway distribution loop in the center city. It
was to run from City Hall via Broad, Walmut, Fifth, and
Arch sireets and back to City Hall, Some of the stations
on Arch Street were actually started. Also proposed was
a tunnel to replace the Schuylkill Bridge, and an exten-
sion of the subway into West Philadelphia, The tunnel
under the river was actually dug in the 1930s but, like
the distribution loop, fell prey to the constant bickering
between the city and PRTC.

It was not until 1955 that a joint extension underground
of the El to 44th Street and the trolleys to portals at 36th
and 40th streets opened, replacing the bridge at last.
Unfortunately, the surface-subway aligsnment was dic-
tated by urban renewal, University of Pennsylvania ex-
pansion, and cost considerations. The initial cost sav-
ings have been negated many times over because the
twisting tunnel alignment reduces schedule speeds,
causes rail and wheel wear, requires more signaling,
and results in an ever-present potential for car colli-
sions. Where possible, new systems should minimize
curves.

DAILY OPERATIONS

Today five routes originating in the western fringes of
Philadelphia make up the system (Figure 1), These

[

routes cperate 90 cars and carry an average of 60 000
passengers each way daily., The headway in the subway
during peak hours is a very close 30 s. Route 10 oper -
afég Gt of 64-year-old Callowhill Depot and enters the
subway at 36th Street near Market, The other four lines
operate from Woodland Depot, which dates from the -
horsecar era of the 1860s,

The surface portion of the system has conventional
street running with its attendant hazards of traffic con-
gestion and service delays (Figure 2). Traffic signal
preemption for streetcars has been suggested to the city
by SEPTA but to date has not been implemented. There
is one section of private right-of-way on the outer end
of Route 38, but it is subject to interference from cross
traffic. The final unprotected turn inte traffic to reach
the terminal gives the operator quite a challenge. This
is one of the places where preemptive signals, such as
those commonly used in Europe, would speed service
and provide safer operation. Loops at the ends of lines
should always include bypass capability for seheduling
flexibility and for passing disabled cars.

The four lines that enter the 40th Street Portal acti-
vate a preemptive traffic signal that stops automobiles
crossing in front of the tunnel. The automobile traffic
presents a serious accident hazard and delay potential,
so the city plans to reroute traffic and restrict the area

-around the portal to transit only.

When the car enters the subway, the operator faces
an abrupt change in light levels that affects his or her
vision. We are exploring the possibility of installing
yellow transitional lighting just inside the portals of
both the surface-car and rapid transit tunnels. New
tunnels should be designed {o minimize the impact on
operators of such changes in light level.

Most of the tunnel is lighted only by widely spaced
incandescent bulbs, but the stations are bright. This
poses another vision problem for operators entering and
leaving stations. Some sections of the tunnel have been
modernized with fluorescent lighting, and we are study-
ing the feasibility of installing roof-mounted car head-
lights for better visibility in the tunnel. Light levels
should be uniform throughout the tunnel.

A three-aspect block signal system r rggulates car,
progress everywhere in the tunnel except in the old. sec-
tion between 22nd and 15th streets. In this aTea, safety
dépends on the operator's vision and alertness. Tech-
niques used to maintain this alertness are discussed
later. To increase station capacity, a call-on system
is used that enables the following car to move into the
station while the first car is still loading or unloading,
This practice does increase the likelihood of car colli-
sions, and we closely monitor its use.

The signals are numbered to help the operator quickly
identify his location. All eastbound signals are even
numbered, and westbound signals have odd numbers. By
mentally adding a zero to the signal number, the opera-
tor also knows the house number on the street above
him. Thus, MS 211 is located at 2110 Market Street.,
This system greatly aids the Radio Room personnel who
dispatch help to an operator.

Since the majority of passengers disembark and load
at Juniper Street Station, we use a sliding gate to in-
crease car capacity there. In the morning rush, a super~
visor positions the gate so that four cars ean unload
simultaneously before each moves beyond the gate to the
paid area to load. In the evening rush, the gate is posi-
tioned to allow four cars to load at once in the paid area,

Lighted signs at 15th Street West Plaza Station and
automatic ones at Juniper Street Station direct passen-
gers to the berth at which cars on a given route will stop.
A sign in the tunnel outside the entering end of the sta-
tion tells the operator at which berth to stop.




Before these two stations were modernized, the
berthing positions were changed from moment to mo-
ment acecording to which car was next due in. Standard
berthing positions were introduced to-eliminate the ac-
cident hazards of people darting into the track area or
shoving their way through the limited waiting space to

reach the proper berth.

1 can recommend-constantly

changing berthing only if the station is properly designed
to safely handle passenger ebb and flow. -
Passengers normally pay fares to the operator when
they enter the trolley, but at the two busiest stations,
Juniper and 15th Street West Plaza, cashiers are used.
Cashiers collect fares for a few hours at Sansom Street
Station during the heavy influx of school children from
that area. The 30th Street Station cashier handles both
local (subway-surface) and rapid transit (Market-
Frankford) traffic. Once he or she is inside the cashier
controls, the passenger is directed by means of color-

Figure 1. Schemaﬁc map of Philadelphia subway-surface:
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coded turnstiles to the correct line. Because the -
surface~-subway is-integrated with the subway-elevated - -
lines, certain joint operational techniques are employed,
At 15th Street: West Plaza Station, the cashier admits
passengers for both the surface-subway and the Broad
Street subway lines. EE : o
At Juniper Street Station, a bliie train-arrival light’
comes on during the very late hours to alert a trolley -
cperator that an El train has arrived at the adjacent 13th
Street Station and that the operator must give passengers
enough time to descend the stairs to reach their cars.
Stationmen are assigned to the Juniper and the 15th street .
stations in the evening peak hours to provide center-door
loading. This lessens station dwell time. ‘

SERVICE INTERRUPTIONS

Since our streetcars are not equipped with radios or
train telephches, an operator faced with a delay, me-
chanical breakdown, or other problem must call the con-
trol center, Radio Room, from the nearest telephone and
then follow instructions. In the tunnel, telephones ave
located on the walls. A grant reguest is being prepared
for funds to enable ys to equip the cars with radios.
Radio Room personnel pass on to the operator instruc-
tions from the street supervisor or, if the delay is in the
tunnel and is of major consequence, turn jurisdiction
over to the subway-elevated train dispatcher. Street
supervisors use radio-equipped automobiles but can con-
serve air time by calling in on telephones strategically
placed at the portals. During delays, instructors who
are not engaged in the training of students frequently join
supervisors to clear the track as quickly as possible.
Both aim to minimize the impact on passengers riding
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trolleys that are immediately behind the crippled car or
that must be cut to restore the operating schedule.

Today's social problems unfortunately have a direct
impact on transit cperations. Fare digputes sometimes
necessitate police intervention, and certain cashier
booths have switches to turn on a police-request light
located at the street entrance to the station. At times,
the streetcar operators are faced with the dangerous
problem of unruly and perhaps violent passengers, To
assist the operator in alerting police along the route,
some trolleys have been equipped with a revolving am-
ber help-needed light. These lights are, however, dif-
ficult to see in the daylight and have not been in opera-
tion long enough to provide a final evaluation of their
worth, The help-needed light does serve another func-
tion in the subway. If the car breaks down, the operator
turns on the amber light before leaving for the nearest
telephone, and the reflection off the walls makes the
light even more visible. Operators of trolleys going in
the opposite direction can then alert the first instructor
or supervisor they encounter. In the joint-operation
section of the tunnel, Market-Frankiord subway-
elevated operators who spot the amber light call the
train dispatcher immediately on their train telephones,

Fire boxes, fire extinguishers, and emergency exits
are located together throughout the subway. Most are
placed adjacent to the telephones. Telephones are kept
locked to prevent vandalism, and operators carry a
special key. We hope to place arrows on the walls, so
that when an operator leaves the car to find a telephone
he or she will immediately know which direction to take
to reach the nearest telephone. The present private
telephone system will shortly be replaced by Bell Sys-
tem telephones whose locations will be standardized to
facilitate finding them in an emergency,

The use of trolley poles rather than pantographs re-
sults in all-too-frequent dewiring and torn overhead
wires, Emergency crews are on call and are directed
into the subway through the nearest station.

Each operator is issued a flashlight for his or her
own and the passengers' safety in the tunnel. Super-
visory personnel have flashlights equipped with fuse
testers to facilitate trouble shooting. Although the all-
electric Presidents' Conference Committee (PCC) cars
have interior emergency lights that are powered by the
battery, PCC cars with air brakes do not, A disabled,
dark car can produce a panic situation. All new cars,
whether they have air brakes or are all eleetric, will
be equipped with adeguate emergency lighting,

The normal procedure for handling breakdowns in
the subway during rush hours is to immediately hook
up and push the disabled car out. During off-peak hours
and on the street, a trouble-shooting sequence is fol-
lowed, and many times the problem is corrected hy re-
placement of a fuse, Since delays in the subway cannot
always be immediately cleared by pushing, we have
emergency tools placed throughout the subway. These
are pericdically checked to ensure they are present and
in working condition. In addition, great care must al-
ways be taken while making repairs in the joint-
operation area because elevated trains may strike per-
sonnel who are engrossed in fixing the trolleycar.

Operator initiative plays an important part in keeping
delays to a minimum, and offen the disabled car is being
pushed out before supervisory personnel reach the
scene, SEPTA also has special hydraulic rerailing
equipment that greatly assists in getting a trolley back
on the {rack in minimal time,

Since the subway is a continuous loop with no cut-
backs or crossovers, a car that breaks down eastbound
would have to be pushed all the way out if it were not for
a two-car spur adjacent to Juniper Street Station. This

spur allows us to place the disabled car out of the way
and fix or retrieve it during off-peak hours, Of course,
a beiter sclution would call for double -ended cars and
frequent crossovers, ’

Procedures designed to clear the 11ne ag qulckly as
possible specify that all pushed cars go to Woodland De-

“pot because it is closer than Callowhill.. We use the

Route 13 trackage on Chester Avenue instead of the
more direct Woodland Avenue fo avoid runaways on
Route 11's steep hills.

Major accidents or derailments in the. subway can -
make continued operation below ground impossible,
When this happens, instructors or supervisors turn on
pole~-mounted amber lights located at the track switches
for diversion routes. When operators see these lights
they know they are not to enter the subway but instead
take their passengers over a normally unused diversion
routing to the 40th and Market El station,. There the
people can transfer to the trains to cormplete their trip
to the center city. These diversion routes are also used
for a few hours in the early morning each Thursday to
let us close the subway to make uninterrupted repairs
in the tunnel.

Unfortunately, we do not have a loop at the entrance
to the 40th Street Portal, but an operator whose car has
mechanical problems can, with the assistance of a super-
vigor or instructor, use the y-shaped track there to turn
the car and return to the depot. This is not an ideal sit-
uation, since such an operation ties up the entrance.

The city's plan to close 40th Street to all but transit will
provide an opportunity to redesign the entrance trackage
to include a loop.

The heavy ridership on the subway-surface lines
makes it necessary to operate even while surface track
is being reconstructed and roads are being paved. Tem-
porary crossovers, temporary signals, and workers
using walkie~talkies make this a safe, smooth operation
and ensure minimum delays to cur passengers, Major
subway reconstruction, such as the shifting of the 15th
Street Station platform, included provisions for cars to
continue in service with only brief interruptions druing
track tie-ins,

TRAINING PROGRAMS AND ACCIDENT
PREVENTION

Delays occasioned by eguipment breakdowns are serious
but not as costly as those resulting from accidents, At
SEPTA, the instructors in the Operational Training and
Safety Division teach and follow up employees in both op-
eration and accident prevention.

The initial 14-d training program stresses not only
car operation, trouble shooting, and courtesy but tech-
nigues of accident avoidance. On-vehicle and classroom
instruction are augmented by teaching aids, such as
model boards, signal flash cards, and written examina-
tions. Training stresses the operator's responsibility
to anticipate such hazards as slippery rails where there
are falling leaves, Follow-up training in defensive driv-
ing techniques is given to both new operators and expe-
rienced employees by instructors certified by the Na-
tional Safety Council.

We keep employees informed about specific current
prablems through periodic distribution of handouts and
the monthly issues of the four- to six-page Safety Sense
Newspaper, which is specifically designed to provoke
employee reaction and thought,

When they are not engaged in actual training, instruec-
tors function in many other roles. Follow-up rides are
periodically taken with each operator to identify bad op-
erating habits or poor performance, These rides also
provide the opportunity to commend an operator for a
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job well done. Inmstructors must spend 15 min/d walking
between stations in the subway. This serves several
functions. The likelihood that an instructor may appear
anytime and anywhere helps keep operators on their -
toes, In addition, instructors assist the Facilities De-
partment by spottmg and reporting out-of-order equip-
ment, evidence of vandalism, and other problems. - Fi-
nally, many breakdowns or delays are quickly cleared
because an instructor was handy.

Besides working to assist operators, instructors run
various checks of compliance with operating rules. " The
subway's block signals do not have trips, since an ar-
rangement such as that used on the Shaker Heights PCC
cars cannot be employed on street-running trolleys.
Operators are sometimes tempted to lose respect for
red signals, especially on time~zone lights, To mini-
mize safety violations of this type, instructors period-
ically conduct signal checks during which the signal is
held at red until the operator comes to a complete stop.
Violators are suspended for a day for the first offense,
and progressively stricter digcipline is exercised there-
after. The possibility is being discussed of equipping
new cars and the tunnel with an induetive-coil trip sys-
tem such as that used in Belgium,

Our rules require operators to come to a complete
stop at all facing point switches (except the air-brake-
operated double-point switch in the subway) and to en-
gure that the switch is properly set before proceeding.
Instructors conduet frequent switch checks. Interlock-
ing switch and signal plants are possible accident sites,
and operator adherence to safety rules at our one such
location is reinforced by the use of a graphic recorder
that can pinpoint signal or switch viclations, This re-
corder in the 34th Street Tower is monitored by a signal
maintainer, ’

The subway-surface system has only one railroad
crossing; this is also frequently checked by instructors
to see that operators stop and look before proceeding.
The overhead wire at the erossing has a conductive net
guard to cateh the pole if a dewirement occurs. This
allows the car to clear the crossing before the pole is
rewired. Other safety aids are installed where needed,
such as signs to warn of slippery rail. There is also a
mirror at the portal so that an inbound trolley operator
can watch in the mirror for automobiles behind outbound
cars.

None of these efforts in itself will ensure accident-
free operation but together they are very effective,
SEPTA's greatly improved safety record attests to this.

SUPPORT ACTIVITIES

There are many activities and facilities necessary to
support a subway-surface system, so I will mention
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only a few. Because our private rlght-of-way precludes
the use of automotive vehicles to string or repair over-
head wire, a tower car is employed This car is also
egsential for repairs in the subway. Trash removal
from the tunnel is facilitated by use of a work car.

Other maintenance and repair functions dictate the need
for crane and flathbed work motors. - Car maintenance
itself is accomplished at Callowhill Depot for Route 10
and at Woodland Depot for the other routes, ‘Adisastrous

_fire in late 1975 destroyed the Woodland Shop; we must

now make do with a temporary prefabricated structure.

The future of the five subway-surface lines is assured.
Specifications are being prepared for new light-rail ve-
hicles to replace the tired fleet of PCC cars. A new de-
pot and major maintenance facility have been designed
to replace the antiquated Woodland Shop, Together these
efforts will begin 2 new era in efficient transportation
for the people of West Philadelphia. By then the joint
efforts of the city and SEPTA to provide better security
on the system for passengers-and operators, eliminate
graffitti, and in general raise the quality of service will
have gone far forward.

RECOMMENDATIONS FOR NEW
SYSTEMS ‘

1, Use preemptwe signals liberally for street run-
ning or private right-of-way with cross traffic, espe-
cially where turns are involved.

2. Plan the subway alignment o exclude or mini-
mize curves; unavoidable curves should be made as
gradual as p0551b1e

3. Provide for transitional 11ght1ng where operators
enter and leave the tunnel.

4, Provide uniform lighting levels throughout both
stations and tunnel sections.

5. At terminal stations use sliding gates to increase
loading and unloading capacity during peak hours.

6. Plan for the strategic, uniform placement in the
tunnel of such items as telephones, extinguishers, fire
alarms, and emergency tools.

7. Use arrows to indicate the shortest distance to
such emergency equipment and make sure the tunnel has
a concrete wallkway for operator use and emergency
evacuation of passengers.

8. Buy double-ended cars or cars with back-up con-
trollers and place crossovers at frequent intervals in the
trackage,

9, Provide for diversion of routes since even the
most well-designed system will suffer blockages; it
would be especlally wise to include a loop at tunnel en-
trances if cars are single ended.

10, Ensure safety with simple block signals and car
trips.

Traffic Engineering for Light-Rail Transit

Hans W. Korve, De Leuw, Cather and Company, San Francisco

The development of safe and operationally effective designs for at-grade
intersections and crossings for light-rail transit (LRT} is an issue central
to the future deployment of the mode. This paper describes a design ap-
proach based on the performance characteristics of light-rail vehicles
{LRVs) and the application of conventional traffie engineering hardware
and design practice. At-grade operation of LRT introduces potential con-

flicts with motor vehicles and pedestrians at intersections, in streets be-
tween intersections, and at mid-block crossings. These conflicts are a
source of delay and accidents for LRVs. Application of the appropriate
conflict-control techniques must consider that modern LRVs have per-
formance characteristics essentially similar to those of transit buses.
There ate four strategies available to the traffic engineer to eliminate or
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control points of conflict among LRVS, motor vehicles, and pedestrians:
at-grade separation of traffic flows in space, vertical separation of traffic
flows in space, separation of traffic flows in time, and reduction in the
number of traffic approaches.

A rail transit system is classified as light-rail transit
(LRT) if it has the capability to operate safely and ef-
fectively through at-grade conflict points. LRT is being
increasingly considered as a mass transit alternative
in many. medium- to large-~sized cities all over the
world. While LRT has many of the characteristics of
heavy-rail transit (HRT) systems, such as the ability
to operate at high speeds on exclusive right-of-way or
to couple vehicles into trains, it has the additional ca-
pability to operate on steeper grades and negotiate
sharper curves than conventional HRT systems, Most
importantly, it has the capability to operate at grade.
The development of safe, simple, and operationally ef-
fective designs for at-grade intersections and crossings
for LRT is an issue central to the future deployment of
the mode. .

At-grade operation of LRT introduces potential con-
flicts with vehicles and pedestrians at intersections, at
mid~block crossings, and in street operations between
intersections. Various traffic engineering techniques
exist for reducing delay to LRT and controlling conflict
between light-rail vehicles (LRVs) and other vehicles
and pedestrians. Vast improvements to LRVs, pri-
marily in braking, enable them to operate more like
modern transit buses than like railroad vehicles (Fig-
ure 1).

The level of sophistication of traffic-control methods
should be commensurate with the level of activity at the
conflict point, In areas where LRV headways are long
and conflicting motor vehicle volumes are low, only
limited measures need be taken to control conflict.
Where LRV headways are short and conflicting motor
vehicle or pedestrian volumes are high, sophisticated
measures (such as traffic signals with LRT priority,
channelization, and turn prohibitions) may be appropri-
ate,

CONFLICT CONTROL

In improving the traffic flow and safety of existing LRT
systems and in designing new LRT systems, the traffic
engineer should consider the LRV in relation to traffic
movement and not treat it as if it were a railroad. This
traffic movement, when accommodated on an at-grade
alignment, will introduce new conflicts with motor ve-
hicles and with pedestrians, These conflicts can be a
safety hazard as well as a source of delay to LRT. The
number of persons carried by the LRV must be consid-
ered in determining priorities between conflicting move-
ments, .
These conflicts will occur both at intergections and -
at mid-block locations. The highest number of conflicts
among vehicles, pedestrians, and LRVs occurs ata
multileg intersection that has branching LRT lines. The
number of potential conflicts is lowered if the number of
intersection approaches or LRT lines is reduced or if
one or more traffic movements is prohibited. The lowest
number of conflicts oceurs at an LRT mid-block cross-

ing.
CONTROL STRATEGIES

There are four strategies available to the traffic engi-
neer to eliminate or reduce LRT conflict points at inter-
sections or mid-block crossings: at-grade separation
of traffic flows in space, vertical separation of trafiic
flows in space, separation of {raffic flows in time, and
reduction in the number of traffic approaches, Within
each of these strategies many different techniques are
available.

At-Grade Separation of Traffic
Flows in Space

Traffic flows can be separated at grade by developing
separate traffic lanes for each movement, by developing
medians, or by prohibiting or diverting certain move-
ments. Development of special lanes, such as through
lanes or right-turn lanes serves to compartmentalize
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the traffic movements, and this reduces potential con~
flicts at a given intersection approach. Figure 2 illus-
trates the use of a lefi-turn lane between the LRT tracks
to improve traffic flow. A more positive means of sep-
arating LRT from motor vehicle traffic would be to sep-
arate the two movements by using a median. Such a
{reatment, which is found in most LRT systems, would
restrict crossings to specific locations, and special de-
sign measures can be undertaken at these locations to
safely separate the movements. Such a median would
provide opportunities for landscaping, placement of
traffic signs and signals, platforms, a refuge area for
crossing pedestrians, and space for left-turn lanes.

Prohibition of certain traffic movements can also re=

sult in a reduction of the number of conflicts, Examples
of this would be prohibition of left turns or through
movements from a cross street. Such a prohibition
could also apply to a pedestrian crossing.

Diversion of conflicting motor vehicle movements to
parallel routes would reduce conflicts and the delay to

Figure 2. Use of left-turn lane with LBT in mixed traffic (Krefeld,
West Germany), )

Figure 3. Typical use of traffic signals at
intersection.
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LRT. This could be done by reducing the progression
speed along the arterial that carries the LRT to the aver~
age travel speed of the LRV, including stops, Parallel
arterials may then become more attractive for the mo-
torist to travel on. Such an approach is being considered
in Philadelphia,

Vertical Separation of Traffic
"Flows in Space

Traffic flows can be separated vertically so that con-
flicts are totally eliminated. Examples of this treatment
are pedestrian overpasses and underpasses and railroad
or highway grade separations. When the LRT is sepa-
rated from all motor vehicle and pedestrian conflict, it
becomes a rapid transit system. Capital cost considera-
tions usually dictate that this form of confliet control for
. LRT should only be used when all other traffic engineer-
ing measures have failed. Grade separations of critical
conflict points are often a last step in an overall im-
provement program of a portion of an LRT line, A good
example of such a program in the United States is the
coming LRT subway in downtown San Francisco.

Separation of Traffic Flows in Time

The separation of traffic flows in time is one of the most
heavily used traffic engineering techniques; it is usually
accomplished by the use of traffic-control signs or traf-
fic signals.

At locations with a relatively low volume of traffic,
stop or yield signs are used to define the right-of-way
of specific movements. This technigue may be adequate
at the outer ends of LRT lines, where cross-street traf-
fic may be low (legs than 5000 vehicles/d} and the LRT
headway high (greater than 5 min).

At higher volume intersections or crossings, traffic
signal control can be used to positively assign right-of-
way to conflicting movements. Standard traffic-signal
warrants must be met before installation of such a de-
vice is considered. Figure 3 illustrates the use of fraf-
fic signals to control conflicts between LRVs, motor ve-
hicles, and pedestrians. Two-phase signal control would
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Figure 4. Techniques for reducing conflicts in mixed-
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create a potential for confliets between left-turning mo-
tor vehicles and LRT during the green phase for the main
street, This conflict can be eliminated by prohibiting
left turns or adding a left-turn phase, Programmed vis-
ibility traffic-signal heads allow each movement at a
multiphase intersection fo be controlled independently

of all other movements. They are frequently used to
control left-turn phases. As the use of these devices

has increased and drivers gain familiarity with their

use, acceptance by the public has been quite good.

Reduction of the Number of Traffic
Approaches

A reduction of the number of approaches to an intersec-
tion or mid-block crossing can be achieved by convert-
ing one or both of the crossing streets to one-way oper-
ation or by closing one or more of the approach legs.
For example, conversion of a two-way cross street to
one-way operation cuts the number of potential conflicts
at the intersection almost in half. Conversion of two-
way streets to one-way operation is easiest to accom-~
plish where there is a grid street pattern. In such loca-
tions, one-way couplets can be established, and access
to private property is usually not seriously affected.

Install MedianE

A{Curbed or Painted)

f

Another significant benefit of converting to one~way op-
eration is that the traffic-signal phasing at such intersec-
tions is simplified, The smaller the number of phases
used to control a given intersection, the greater the
throughput capacity of that intersection.

Application

One or more of the above conflict-countrol techniques can
be applied to provide fast and safe operation of LRT. The
operation of LRT in mixed-traffic flow will be used to il-
lustrate the application of some of these conflict~-control

techniques.

In mixed traffic, conflicts between LRT, motor vehi-
cles, and pedestrians occur all along the street, The
sharing of a common travel lane by LRT and motor vehi-
cles creates the potential for rear-end and side-swipe
collisions. Motor vehicle queues at approaches to inter-
sections, vehicles waiting to make left turns, and vehicles
double parked or foo closely parked could cause signifi-
cant delays for LRT,

Possible methods of reducing conflicts between motor
vehicles and LRT are illustrated in Figure 4, Left turns
between intersections can be prohibited through signing,
traffic bars, median islands, or creation of a mid-block




transit-only lane, Any of these prohibitions would elim-
inate most mid-block LRT delay. Alternate access
routes to adjacent properties must be available if this
technigue is to be used. In San Francisco, such a de-
sign is planned for the outer ends of the N Line and is’

in operation on Market Street. Left turns at intersec-
tions can be prohibited by installing signs or chameli- .
zation islands. The sign prohibition could be in force
during peak periods or all day, depending on the accident
history and the nature of the delay. Installation of cen-
ter channelization islands on the cross-street approaches
or between the LRT tracks would eliminate cross-street
through and left-turn movements and main-street left
turns, An example of this treatment can be found on
Huntington Avenue in Boston, This technigue would be
highly effective in increasing safety and reducing delay
to LRT, but it would impair local circulation, This
treatment is most appropriate for low-volume local
Streets and collector cross streets, Elimination of the
cross-street through movement would cause diversion

of traffic to other streets. Residents along the streets
that attract diverted traffic may oppose such a treatment.

An outgrowth of the previous step could be to close
the side street to motor vehicle traffic as shown in Fig-
ure 4B. This treatment would primarily benefit pedes-
trians, since the pedestrian-vehicle conflicts would also
be eliminated.

The most positive means of reducing mid-block
vehicle-LRT conflicts and controlling pedestrian-LRT -
conflicts would be to convert the inside lane from tmixed-
flow operation to transit only and separate the two lanes
with a painted or raised median (Figure 4C). It could
mean loss of g travel lane on the arterial, and this
could significantly reduce its traffic-carrying capacity.
On narrow streets such a median could have mountable
curbs to allow emergency vehicles or turning vehicles
to use the median, An example of such a treatment can
be found on a portion of the N Line in San Francisco.

On arterials carrying large amounts of automobile
traffic, this treatment could result in serious congestion
or significant diversions of traffic to other routes. For
this reason, this treatment is best used where parallel
routes are available to handle the diverted traffic or
where traffic demands are low enough that they can be
satisfied by the remaining traffic lanes. Alternatively,
the street could be widened to provide equivalent auto-
mobile capacity, A study of Vermont Avenue in Los
Angeles (1) revealed that the conversion of a portion of
that street from two travel lanes in each direction to
one travel lane and one LRT lane in each direction could
result in significant congestion on Vermont Avenue and
diversion of at least 30 percent of the 19 000 vehicles/d
that use that street to parallel streets.

Placing transit stops in areas of mixed flow creates
potential vehicle-LRT conflicts. These conflicts can be
mitigated by a variety of traffic engineering techniques.
If LRT platforms are installed in mixed~flow operations,
motor vehicle traffic must pass on either side of them.
This introduces a potentially serious vehicle conflict be-
tween the automobiles and the platforms. Designs that
require g change in the direction of the travel lane con-
tribute to collisions with the platforms by automobiles.
On a section of the K Line on Ocean Avenue in San Fran-
cisco, as many as 10 vehicle collisions/platform were
recorded in a single year. Most occurred at night, and
none involved waiting passengers. This could indicate
that the poor visibility of the platforms, which are 15
cm (6 in) high, was a significant causal factor, Gentle
transition areas, a median with far-side platiorms and
near-side left-turn lanes, crash barriers on the up-
stream side of the platform, or left-hand loading from
a platform located in the median between the LRT tracks
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(as is used in Mexico City) can mitigate this potential-
safety problem. The use of center-platform loading al-
lows use of a narrower median and avoids the need for
widening the intersection approach to provide space for
platforms. In addition, if the median is confined to the -
area between the tracks, left turns can be allowed from: -
the track lane at selected locations, The use of leading
green arrows will minimize delay of LRT.

TRANSIT PRIORITY
The success of the LRT system in attracting patronagé

is to a large degree a function of its travel time in rela-
tion to that of other modes. Shorter travel time can be

. achieved either by extensive use of grade separation (a

costly alternative) or by use of traffic engineering strat-
egies to control conflicts and reduce delay. At traffic -
gignals this involves granting LRT priority over conflict-
ing movements, This discussion will focus on median
operation of LRT at intersections and on mid-block
crossings by LRT. Most of the alternative control strat-
egies apply equally well, sometimes with minor modifi-
cations, to alternate LRT alignments, '

For the purposes of this discussion, the terms priority
and preemption both refer to preferential treatment given
to LRT at traffic signals to minimize delays to LRT
caused by the traffic signals or by other vehicles in the
traffic stream. Preemption is intended to imply as im-
mediate a response as is consistent with safety, whereas
priority is intended to imply that, in addition to safety .
considerations, the needs of other movements, primarily
vehicular, will be evaluated before deciding whether to
grant preference to LRT. There are four types of pref-
erential treatments that could be used o control the LRT
crossings at intersections.

Progression Speed Favoring LRT

In an interconnecting traffic-signal system, the signal
timing can be adjusted to favor transit, This usually
means reducing the progression speed along a given
street, e.g., from 40 to 48 km/h (25 to 30 mph) or about
24 km/h (15 mph). The lower progression speed would
include average dwell time at passenger stops (see Fig-
ure 5). Such a change in travel speed would favor tran-
sit by reducing the number of times that an LRV would
get caught at a red light, but at the same time it would
increase delay to motor vehicles. Such increased delay
usually has the added benefit of diverting some of the
motor vehicle trips to parallel routes. This diversion
will reduce motor vehicle-LRT conflicts and thereby
could improve the safety aspects of that LRT line.

As an alternative, or in combination with the above,
travel speed of LRT can be increased by selective place-
ment of the platforms. Alternating platforms from near-
side to far-side locations achieves a more desirable pro-
gression speed. The end of the LRV's dwell time would
then nearly coincide with the arrival of the next motor
vehicle platoon traveling in the green band, The progres-
sion speed can then be set to more closely coincide with
automobile travel speed. A good example of this treat-
ment, shown in Figure 6, can be found in Dusseldorf,
West Germany,

Since this treatment provides higher progression
speeds for motor vehicles, it would not achieve the
same degree of traffic diversion as that achieved with
low progression speeds that favor transit. During pe-
riods of light patronage demand, e.g., midday or evening
hours, the LRV may travel with the normal vehicle pla-
toon for considerable distances if it is able to gkip sta-
tion stops.




112

Spec:tal Signal Phases for LRT

A second method. of 1ntersect1on control features the use
of a special phase to control the movement of an LRV.
This speecial phase may appear during every signal cycle

on a fixed basis, or it may be actuated by an approach-

ing LRV, which places a call to.the controller and waits
for the phase to appear. This would involve no prefer-
ential treatment for LRT, and therefore an LRV would
suffer delay.

This treatment is most useful where an LRV comes
into unusual conflict with motor vehicles to create the
potential for collisions. . Such cases exist where light-
rail tracks leave the center of the street and turn into

Figure b. Alteration of progression speed to favor LRT,
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= LRT Movement
5 LRT Stop
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Figure 6. Selective placerment of LRT stops to enhance progression
speed. - Cross

a cross street or enter a separate r:ght-of-way F:gure
T illustrates this situation in Man.nhelm

Preemptlon of Trafhc S1gnals

A third form of intersection control would.provide uncon-~
ditional preemption for LRVs at conflict points. This
means that the crossing-conirol signals will display a
green LRT indication by the time an LRV arrives at the
preempted intersection. This method most closely re-
sembles the operating speeds and operating character-
istics of grade separation. If far-side platforms are
also used, an LRV will always clear the crossing and
avoid a double stop. Because the preemption is uncon-
ditional, vehicular demands are not used to establish the
exact traffic-signal timing, After an arriving LRV is
detected, only the minimum intersection-clearance in-
tervals are timed out before the signal switches to the
LRT preemption phase. Clearance intervals are usually
set by the safe-crossing requirements for pedestrlan :
rather than vehicular demand,

Use of the unconditional preempt will result in some
loss in intersection capacity. This loss is proportional
to the LRT headway and is also a function of upstream
intersections and the particular preemption strategy
used. For example, at a standard intersection where
all other traffic must stop {o let the LRV pass, as shown
in Figure 8, about 10 percent of the available signal time
would be lost if preemption occurred every 3 min.

To illustrate the effect of LRT preemption at a stan-
dard intersection, I calculated intersection capacity for
a range of vehicular and LRT demand.  The main-street
traffic volume was assumed to be constant at 20 000 ve-
hicles/d and the cross-street volume was varied from
10 000 to 20 000 vehicles/d. The intersection configura-
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tion is that shown in Figure 3. It was found that a multi-
phase traffic signal makes LRT preemption feasible in
every third signal cycle. H simple two-phase signals
are used and left turns are prohibited, LRT preemption
in every second signal cycle is feasible.

Similar capacity calculations performed for a mid-
block crossing of a four-lane arterial by LRT showed ..
that preemption is feasible as often as every 2 min for
traffic volumes as high as 25 000 vehieles/d. In Both
cases the Highway Capacity Manual's level of service D

{2} was used to determine the maximum congestion level.

Figure 7. LRV entering private right-of-way (Mannheim, West Germany).

Figure 8. Preemption of all traffic for crossing by LRV (the Hague, the
Netherlands).

Figure 9. Z-crossing of
LRT tracks for pedestrians.
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In a dense traffic-signal network, frequent preemp-
tions could disrupt vebicular traffic flows, result in.un-
used green time at downstream intersections, and re-
sult in increased incidence of rear-end accidents if a
vehicle platoon is preempted just as it arrives at a given
intersection, TFor these reasons this method is best ap-
plied in less busy loeations. This treatment should be
combined with far-side LRT stops, since the accurate
prediciion of the arrival time of an LRV at a given inter-
gection, which is impossible in the case of near-side

stops, ig important to the efficient timing of the preemp-

tion phase. :
Priority

When the needs of conflicting vehicular or transit de-
mands must glso be met, then conditional preemption

or priority techniques should be used. This would call
for detectors to measure the conflicting traffic demand
and locate arriving vehicle platoons and LRVs, A master
controller would then predict the arrival time of those

.platoons and.the LRV at the intersections in guestion and

assign green signal time to the movement predicted to
arrive first. If both are to arrive simultaneously, then
the signal may be set to favor the movement carrying -
the greatest number of people. )

This type of control would involve an extensive feed-
back between the controlier (probably a computer) and
vehicle detectors located in the street system, A nmum-
ber of control parameters could be fed inte the computer
to set the degree of priority treatment that LRT should
receive, The flexibility of this approach is limited to
the requirements of pedestrians, the amount of disrup-
tions tolerable at adjacent intersections as signal ad-
justments are made to favor LRT movements, and the
needs of conflicting transit movements. The degree of
priority afforded conflicting transit movements must be
a function of relative delay to people. Such a system is
currently being installed along Commonwealth Avenue
in Boston.

PEDESTRIAN CONFLICTS -

Pedestrian conflict cccurs when a pedestrian must eross
LRT tracks, either at an intersection or mid-block, or
when g pedestrian is boarding or alighting from an LRV.
Crossings of LRT tracks at intersections are treated
like crossings of a street that does not carry LRT., I

possible, pedestrian signals should be used. Streets that -

have wide medians can carry supplementary indications
in the median to aid pedestrians in crossing and fo allow
shorter pedestrian crossing time. This allows a shorter
gignal cycle and, where vehicular green-time demand is
less than pedestrian demand, increases the level of ser-
vice {capacity) of an intersection.

At mid-block crossings, the pedestrian-LRT conflict
ig relatively simple to control, Since LRT movements
are usually fewer than vehicular movements, the primary
problem a traffic engineer faces is to make sure the pe-
destrian is aware of the arriving LRV. Provision of
good sight distance all along the LRT right-of-way is a
key to solving this problem. .

On median or private right-of~way operation, fencing
should be used to establish gpecific crossing locations,
These locations must be chosen on the basis of both pe-
destrian demand and such safety considerations as ade-
quate sight distance. To increase thepedestrian's aware-
ness of an approaching LRV, a Z-barrier can be in-
stalled. Such a barrier, illustrated in Figure 9, makes
sure the crossing pedestrian faces toward the nearest
approaching LRV and prevents him or her from blindly
dashing straight across the tracks.
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Figure 10. Signal island to protect Traffic Signal
pedestrians.
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At transit stops the problem gets more complicated
because queuing space must be provided to handle board-

ing and alighting passengers, In mixed-flow center op-
eration without platforms, passengers must enter the
roadway to board a vehicle. This is acceptable only
when the street is narrow and automobiles cannot pass
the LRV on the right, On wider streets, a signal island
can be provided, Such g treatment, illustrated in Fig-
ure 10, is used in Dusseldorf. An arriving LRV actu-
ates a traffic signal located at the programmed stop.
When this signal turns red, it stops approaching motor
vehicle traffic upstream of this transit stop. Such a
signal must be coordinated with a nearby downstream
traffic signal to avoid blockage of the LRT tracks by
motor vehicles stopped at the next intersection.

Alternatively, a raised platform can be provided in
the street, If motor vehicle traffic is allowed to pass
on either side of the platform or must change direction
of travel in order to avoid striking the platform, the po-
tential for accidents exists., Experience with such is-
Iand platforms on Ocean Avenue in San Francisco shows
that motor vehicles strike them an average of 10 times/
year. Luckily these accidents usually occur when no
passengers are waiting on the platform. To protect
waiting passengers, transit systems have installed
crash barriers on the upstream side of the raised plat-
forms,

To prevent passengers from crossing behind waiting
LRVs and from dashing into adjacent avtomobile lanes,
fencing between the tracks as well as between the plat-
form and the automobile lane can be quite effective, as
illustrated in Figure 11. Alternatively, the platform
can be located on a median between the tracks, If the
LRVs have left-hand doors, the passengers can board
from the median. This technigue, used in Mexico City,
has the added benefit of not foreing a4 change in direction
by the motorist; this reduces the likelihood of a collision
with the median.

BUS OPERATION ON LRT
RIGHT-OF-WAY

Generally speaking, it is feasible to operate buses on the
LRT right-of-way. This operation can be undertaken
either to supplement scheduled service or to act as a
backup in case of cutages on the LRT system due to
power failures or accidents. Joini operation of buses
and LRT in a separate median, which is used in such
cities as New Orleans, Chicago, and Hamburg, should
result in an increase in bus operating speed since median
operation is generally faster than mixed-flow curbside
operation because there are fewer conflicts. These bene-
fits could accrue as long as headways were-long enough

. 80 that transit vehicles would not interfere with each

other.

If bus operation on LRT right-of-way is to be imple-
mented, all sections of the LRT right-of-way must be
paved to full strength, This means no open trackage of
ballast or other unpaved or thinly paved section$ can be.
allowed. The general design criteria regarding grades
and horizontal and vertical curvatures apply equally well
to both modes; therefore no special alignment modifica-
tions would have to be made during the design of an LRT
system to permit bug operation. However, the inability
of a bus to track entails greater lateral cléarances for-
a bus than for an LRV. Buses should have at least a .
3.7-m (12~ft) lane to provide adequate side clearance.
Less clearance would inhibit their use and would lead to
slower operating speeds and increased potential for col~-
lisions, "A good example of low-speed operation is found
in the Mount Washington tunnel in Pittsburgh, which was
designed for LRVs and is now shared by buses. The
buses operate at about 16 km/h (10 mph) because of the
narrowness of the travel lanes. Generally, the minimum
width for LRT is 0.3 to 1.0 m {1 to 3 ft) narrower than is
satisfactory for bus operations. In addition, center poles
could present a potential safety hazard to the buses. If
an LRT system is being designed for joint cperation,
center poles should not be used.

Basically, the same traffic engineering principles that
govern control of LRT movements apply to buses. How-
ever, the detection equipment for traffic-signal actuation
or traffic-signal pricrity treatments would have to be
medified to respond to bus actuation and bus operating
characteristics.

Joint operation could result in several operational -
and safety problems. Paved {rackage looks more like
a street to the automobile driver than does unpaved track.
Since buses would be operating on the LRT right-of-way,
automobile drivers, thinking that the buses are traveling
in an automobile lane, might enter the LRT right-of-way.
Care must be exercised in placing proper signing and .
other warning devices at openings to the right-of-way to
prevent trespassing by automobiles,

Joint median operation for buses and LRT would in-
crease the concentration of passengers loading and un-
loading in the middle of the street on the platform. This
could increase the hazard of accidents to pedestrians
who have to cross traffic lanes. Fencing of the traffic
side of the platform and proper vehicle and pedestrian
signaling could mitigate this problem. The greater con-
centration of passengers on the platforms may also re-
quire that these platforms be wider and possibly longer
to accommodate more than one transit vehicle at a time.

SUMMARY

Modern LRT can be an attractive transit alternative to
heavy-rail transit. The key to a successfully operating
LRT system is optimum control of at-grade conflicts,
It requires very little imagination but a lot of dollars to




build a grade separation for LRT. On the other hand;
it requires a lot of imagination to build and operate a
fast, efficient, safe, and inexpensive at-grade LRT sys-
tem. To achieve optimum operation a community must
be willing to sacrifice some of the conveniences of the
automobile for the benefit of LRT. Most importantly, .
the various jurisdictions governing transportation,-such
as transit planning, operations, design, traffic engi-
neering, and police, must work together in designing,
operating, and maintaining the traffic-control system
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for an at-grade LRT system.
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The first line of Edmonton’s light-rall transit (LRT) system is currently
being completed. The underground portion of the line in the downtown
area connects to a surface portion that shares its corridor with a major
railway line. Interactions between the railway, LRT, and other transpor-
tation modes have created problems in the areas of safety, roadway ca-
pacity, and regularity of service, This paper describes the approach taken
in Edmonton to overcome these problems. The new transportation man-
agement system, which is in its initial stages of implementation, is a major
tool in minimizing the negative impacts of LRT. The system focuses on
the establishment of LRT controls that, in addition to the categoric re--
quirements of safety, must guarantee optimum use of the LART tunnel,
which in turn depends greatly on the regularity of service on surface por-
tions of the LRT line, and integration with other transportation modes

in terms of safety, coordination of scheduling between LR T and buses,

~ and minimization of disruption to all modes at the nine grade crossings.
In general, the flexibility of LRT operations and the impiementation of
an integrated transportation management system has enabled cost-
effective solutjons to be developed.

In 1974, the city of Edmonton formally adopted a trans-
portation philosophy that had as a basic objective an in-
creased reliance on public transportation and the de-
velopment of techniques to use more fully the capacity
of the existing transportation network. This led to the
development of a new transit concept plan for Edmonton
and the development of a transportation management
system (TMS).

The transit concept relies on the new light-rail tran-
sit (LRT) system and a restructured bus system for
provision of improved public transit service, The TMS
will integrate the management of all transportation re-
sources of the city and will use advanced surveillance
and monitoring technigues to provide better utilization
of the transportation infrastructure. Both systems are
now in a first stage of implementation, The implemen-
tation of the Northeast LRT line provided the {irst oppor-
tunity to apply some of the TMS features to a real-life
situation.

PUBLIC TRANSIT IN EDMONTON

Public transit in Edmonton is an important component
of the urban transportation system. It carries about

20 percent of all daily work trips and about 35 percent
of the peak-period trips to the central area of Edmonton,

During the past 15 years the proportion of central-area
trips made by transit has been increasing steadily. A
second major function of the transit system is the pro-
vision of transportation services for people who cannot
use an automobile for travel.

An overall public transit plan for Edmonton is set out
conceptually in Part 1 of the city's Transportation Plan
(1). Figure 1 illustrateés the general pattern of transit
service proposed in this plan. A main feature of this
concept is.the development of transit centers in the out-
lying sectors of the city. Local feeder-bus routes serv-
ing the surrounding areas meet at the transit centers,
and then most routes continue to the downtown area. This
plan provides direct service to the downtown area, and
passenger transfers between different bus routes are
provided at the transit centers; this permits reasonably
direct trips between outlying origins and destinations.

In the northeast sector of the ¢ity, the first LRT line
is now in the last stage of construction. This facility
will provide a high-capacity transit line to the downtown.
The three outlying stations will gerve as fransit centers
for LRT, buses, and private vehicles (Figure 2). At
these transit centers, off-street bus stations and parking
areas will be provided, along with pedestrian connections
to the station, An example of a typical ouflying station
is shown in Figure 3. These stations will also offer
transit services during special events along the corridor,
Near the middle of the Northeast Line, a new stadium
with a capacity of 40 000 is being built for the 1978 Com-
monwealth Games. Further to the northeast, the Edmon-
ton Coliseum attracts regular audiences of more than
15 000 people. Finally, in the same neighborhood, the
Northlands horse-racing track and Edmonton Exhibition
Grounds draw very large daily erowds during major
events, such as Klondike Days. Since all of these facil-
ities are in developed areas, parking space is limited.

The other two stations on the Northeast Line are in
the downtown area. One of these stations is a through
station; the other will serve as a temporary terminus
until the line is extended through the downtown,

The line is 7.2 km long; about 1.6 km are in the down-
town_tunnel, and 5.8 km are at grade along the Canadian
(National Railways (CNR) right-oi-way. While this cor-

TidoF provided a readily dviilable Fote for LRT, it re-




116

quired addressing specific probletns related to opera- -
tional aspects of LRT and other modes, as will be dis-
cussed later. The table below examines the daily work-
trip travel demand in the northeast corridor,

197 . 1981 . - _
Mode " MNumber -Percent - Mumber . Percent
Automobile 8 656 50 10 380 55
Transit 3860 26 5705 31
Other 2035 15 ’ 2 607 14
Total 14551 18 692

The tyj)ical travel demand for a special event at the

new stadium in 1978 is expected to be handled as follows:

Percent

Mode Number

Park-and-ride 25 000 68
LRT 4500 12
Private automobile 3000 8
Chartered bus 2500 7
Other 2 000 6

A more detailed description of Edmonton's LRT sys-
tem is presented by MacDonald and Bakker elsewhere in
this Report.

Figure 1. Principal features of the Edmonton transit plan,
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Figure 2, Interactions among transportation
modes in northeast Edmonton.
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TRANSPORTATION MANAGEMENT
SYSTEM -

In 1977 the city of Edmonton completed a study that de-
tailed a 10-year implementation plan for a TMS (2). This
study encompassed all city agencies involved in the pro-
vision of transportation services. The study's objective
was to identify measures that were available to maintain
and to improve the operation of the transportation infra-
structure, - The objectives of individual agencies were
identified and used as the basis for the definition of the
overall system requirements. Improved services, dis-
semination of public information, and a better data base
for planning and management purposes were the main
TMS objectives related to the transit system, The major
goals of the traific operations group are increased safety,
maintenance of acceptable levels of service in the down-
town, and increased network efficiency. The police, on
the other hand, are concerned with surveillance of vari-
ous areas, control of special or emergency events, and
the ability to monitor signal performance. The remain-
ing goals were related to the activities of the fire de-
partment and to the maintenance and planning bodies,

Formulation of goals provided the basis for definition
of the functional attributes of the system. The study
identified a number of system characteristics related .
to transit, such as ability to integrate traffic and tran-
sit strategies and tactics, ability to accommodate both
repetitive and unpredictable events, ability to monitor
and analyze network performance in real time, ability
to maintain 2 management and planning data base, ability
to communicate with and supervise transit units in ser-
vice, and rapid provision of information on performanece
of networks to both the system management group and the
general public.

The varicus agencies connected with the Transporta-
tion Management Center agreed to place it under the con-
trol of the City Traffic Engineer. The center will per-
form two vital functions. One will be the provision of
overall control of the street network operation of all
transportation modes falling within its jurisdiction. The
other will be the provision of information exchange mech-
anisms and integrating mechanisms between participating
agencies, schematically iliusirated in Figure 4. The sys-
tem will use advanced computing technology and a com-
munication network. Although the use of complex hard-
ware is required, the system still relies heavily on
human involvement.

Implementation of the system will oceur in two phases,
the basic and the advanced. In principle, both phases
use identical measures, but they differ in the extent of

Figure 3. Typical layout of an outlying
LRT station.
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their features in terms of complexity and geographic
appllcahon Major elements of the system are shown
in F1gure 5. .

LRT AND TRANSPORTATION
MANAGEMENT

The operation of the LRT system will resemble in part
a subway operation and in part a modernized streetcar
system; it will have both grade-separated and surface
sections. The trains (up to four cars) will be operated
by cne motorman who will maintain the scheduie by con-
sulting an instruction board similar to that used by the
bus fleet. The vehicle chosen is a six-axle, two-section
articulated double-ended light~rail vehicle (LRV) manu-
factured by Duwag. It is 24.3 m long, 2.7 m wide, and
3.3 m high. If weighs 31 Mg and has adhesion of 23 Mg.
Its capacity is 64 seated and 97 standing (4 passengers/
m®, It has an electronically controlled motor-driven
camshaft controller. The system will operate on 1,435-
m (standard gauge) track at a maximum speed of 80
km/h and an average speed of 20 km/h; the rate of ac-
celeration is 1 m/s® and that of deceleration, using dy-
itnamm braking, is 1.3 m/s’. The minimum turning
\ ‘radius is 35 m for loaded cars and 25 m for empty cars,
! ' The performance of the system depends greatly on
| the optimum use of the tunnel portion, which in turn de-
pends on the regularity of headways on surface portions.

Figure 4. Concept of Edmonton's transportation
management system.
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Since in the future the tunnel portion: will become a -
trunk line for more surface lines, any disturbance of .
service on the surface may result in a complete disrup-
tion of the system. For that reason, great emphasis
was placed on system controis. The contro! functions
will be centralized; computing facilities and personnel
will be located in the city's Transit Control Center,
which will be an integral part of the TMS.

For control purposes the LRT line is divided into six

‘ blocks whose average length is 1 km. . Each bloek Tn-

cludes one station, A red or green WayS1de signal ad-
vises the motorman of the occupancy cy of the block ahead.
At the beginning of each block there is an overlay circuit
approximately 230 m long, a distance sufficient for safe
train stopping. The operation of the block system is il-
lustrated in Figure 6. For a train at station C, signal
C remains red until the train ahead clears the overlay’
circuit of block B, At this point, signal C turns green;
permitting the train to proceed to station B. As this
train enters block C, signal C returns to its red aspect.
In this way, the minimum possible separation between
successive trains is tlie Tength of the overlay cireuit.
Normally, however, since a train ‘would not stop just
beyond the overlay c1rcu1t the separation of trains
would be much longer, Any violation of a red signal
will trigger automatic braking of the train to a complete
stop.” Thisi5 an addifional safety feature thal ensures
a stop in the event that a motorman ignores a signal.

At the downtown end of the line, single-track opera-
tion for reversing the trains has been teraporarily
adopted. A irain is permitted to enter only if this track
portion is clear, Initially, only one direction of travel
is automated, When the system is expanded, crossover
maneuvers in both directions will be under computer con-
trol. The outlying end of the line will maintain a single-
crossover moverment from northbound to southbound
track only.

A special problem was encountered near the middle
of the line, where LRT trains entering the line from the
maintenance yard or heading into the yard have to cross
the parallel CNR line. This maneuver is facilitated by
a diamond crossover that will have fully interlocked
switches on the LRT tracks. Crossing maneuvers will
require detection of an LRV entering or leaving the de-
pot by means of a catenary sensor. If the railway tracks
are clear, CNR signals will display red, switches will
be set and locked, and LRT signals will turn to green.
After the LRT train has left the conflict area, all sig-
nals and switches will be automatically reset to allow
normal railway operation again.

LRT red and green signals will also be used in front
of the nine at-grade _crossings of roa_dways {(3). These

tion. The gates will 1f 1mmed1ate1y after the train
Ieaves the conflict area. If the gates fail to operate, the
signal will remain red. Should the motorman fail to obey
the red signal, automatic braking will be initiated so that
the train will be stopped in front of the grade crossing.
The instruction board, supplemented by wayside sig-
nalg, would not suffice under unusual circumstances.

Signal B Green  Lrr shation A /—S'Gf'd' A Red

4 =nnm LET Train

| Signal Block C [~

Slanal Block B

Signal Block A
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Figure 7. Typical peak-hour conditions at one of the at-grade crossings.

Figuré 8. Time-space diagram of the LRT window
principle of traffic signal coordination.
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For special conditions, such as difficulties in maintain-
ing schedules, breakdowns, or crossing of the railway
main line, two-way radic communication between the
motorman and the central control will be used, For
track maintenance or train emergencies, a system of
wayside telephones can also be used if these measures
prove to be insufficient. A digital data communication
system can easily be incorporated as an integral part
of the system if it is required in the future, All sta~
tions will be equipped with closed-circuit television
cameras, both for communication and for security pur-
poses; the transmissions will go to the Transit Control
Center,

¢ Another option that will be evaluated after some ex-

iperience with the system is the application of either
wayside or in-cab speed signals. They may be espe-
cially useful in the control of train arrivals at grade
crossings.

INTEGRATION WITH OTHER MODES

Three major concerns were identified with respect to
interaction between LRT and other modes of transpor-
tation: (a) safety of grade-~crossing operations, (b) reg-
ularity of service of both LRT and feeder buses, and (c)
minimum disruption to traffic at grade crossings,

In addition to LRT trains and CNR trains, the grade
crossings are used by private vehicles, LRT feeder
buses, express buses, and pedestrians. Figure 7 illus-
trates the typical peak-hour condition at one of the
crossings. Concerns about the safety of operation of

grade crossings that carry 15 000 to 30 000 vehicles/d-

were determining factors in the selection of protection -
devices and their timing (to allow one LRT train tg pass,
the gates have to be closed for about 40 s). One solution
to all of these problems would have been the construction

$4 million each and required 2 yeais of
donstruction time, A more cost-effective solution, in
the short term at least, has been found in the develop-
ment of integrated controls for LRT and other modes of
transportation (3). In order to implement such a scheme,
three major prineciples for the design of grade-crossing
controls were adopted. C

1. The first principle was cocrdination of traffic sig-
nals so that extensive queuing of vehicles across the -
railway crossing would be eliminated. This is achieved
by controlling the capacity of upstream road signals fhat
feed this link and reducing the queuing in front of the
downstream intersections to an acceptable length. Sub-
sequently arriving vehicles can then move through the
downstream intersection without stops. This measure
reduces-the number of stops and delays in the system.
In most cases, vehicles will be stopped only on the ap-
proaches to the upsiream intersection and will move
through the system in a green wave.

2. The second principle was integration of the opera-
tion of traffic signals with LRT controls, The objective
was to use the periods of time provided by the shadow of
the red signals at adjacent intersections for LRT cross-
ings of the road link (Figure 8). Ideally, the time pro-.
vided by this window should exceed the closure timing
rvequired for the crossing. This is difficult to achieve
because of the number of other constraints, such as
LRT scheduling and operation,

3. The third principle was use of special features in
intersection control, preemption of downstream signals,
warning of driverg, and changing of signal sequence in
the case of excessive queuing.

These principles, which satisfy all three of the con-
cerns noted above, require some adjustments to both
LRT and traffic controls. For example, in addition to
a set of LRT scheduling requirements to meet the win-
dow principle, a special LRT signal at the middle sta-
tion will be tied to the traffic-control system., This sig-
nal will release the trains from the station at the most
suitable period of time, On the other hand, fraffic sig-
nals in the adjacent network possess enough flexibility
so that the period during which the LRT station signal
blocks the train's departure is minimized. The potential
to adjust the operating speeds of LRT trains is not cur-
rently used but may be used in the future. The crossing-
control logic also takes into account simultaneous or al-
most simultaneous arrivals of LRT and CNR trains in
opposite directions; it extends the closure time of the
crossing rather than allowing two successive closures
without a safe interval between them.

Another service TMS provides to transit in northeast
Edmonton is assistance in achieving regularity in feeder-
bus operation. Bus schedules are designed to connect to
LRT at specific intervals to achieve convenient and reli-
able transfers between routes.

Traffic signals along the route are therefore pro-
grammed in such a way that the variations in bus running
times are minimal. The principle applied here is coor-
dination of traffic signals for buses. In special cases,
other types of bus priority measures may be applied.
Adjustments in bus stop locations and bus schedules, as
well as changes in the street geometry and parking and
other regulations are required to achieve this prineiple
at various points on the street network., The assistance
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to bus operations is especially important inh front of bus
terminals at LRT stations. These off-street locations
have a large number of bus movements on and off major
arterial roads, and traffic signals with bus priority mea-
sures will be used in some cases.

The Transit Control Center will have direct contact.
with the bus fleet., In the first stage of development,
this monitoring and supervision will be based on voice
communication. It will, therefore, be limited to the
most logical locations, such as LRT-bus transfer sta-
tions. Radio communication will also be used to mini-
mize disruptions in service caused by breakdowns or
other incidents. Since there is a connection to the over-
all TMS, corrective measures can then be taken in areas
not under the Transit Control Center's jurisdiction.
More advanced monitoring and supervision options, in-
cluding digital radio transmission of such data as bus
location and passenger volumes, will be evaluated and
may be incorporated into the system.

CONCLUSIONS

Introduction of LRT in Edmonton would have been diffi-
cult if costs had not been kept within a reasonable range.
Keeping the costs down required a certain amount of
compromise between minimum and maximum opera-
tional requirements. These trade-offs tax the manage-
ment gbilities of LRT. Is control system and the TMS
together, however, provide sufficient tools to guarantee
satisfactory standards of operational safety and the de-
sired regularity of service, both of which are necessary
for any transit operation. Moreover, by integrating
transportation modes, this combined system offers sev-
eral additional features that can improve the overall
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transit performance in northeast Edmonton. The design

-of the system and the negotiations leading to integration

of its individual portions were not easy. It appears at.
this stage, however, that operational problems have
been effectively solved-because of the streetcarlike fea-
tures of LRT and the flexibility of the TMS, .

The TMS provides an opportunity to closely monitor
the operation of all components of the LRT line, The
data supplied by the system will be evaluated and as-
sessed regularly. Operating experience will be the base
for making adjustments to the systein and to the des1gn
of future phases-of both LRT and TMS.

Since the accepted transportation philosophy in Ed-
monton concentrates on full utilization of available fa-
cilities before new ones are built, the control of trans-
portation operations will become even more important
‘as new LRT lines are introduced. It is realized, of
course, that in the future more complex and in some
cases more capital-intensive solutions may be required.
Notwithstanding the introduction of more complex meth-
ods and technology, it is a certainfy-that the effective .
management of transportation resources will be the key
to resolving Edmonton's urban transportation problems.
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Light-Rail Transit Signaling

Edward A. Burgin, Louis T. Klauder and Associates,
Philadelphia

This paper presents considerations regarding conventional signal systems
that should be helpful to people planning a light-rail system. Attention
is first directed to establishing the need for a signal system, including a
discussion of its advantages and disadvantages on the basis of the techni-
cal, operational, economic, labor, and regulatory elements involved. A
definition of conventional signal systems is provided, and the various
types of systems are explained on the basis of their capabilities, Safety
and failure modes are addressed as the lcey issues in any signal-system de-
sign. To illustrate the importance of all these factors, a comprehensive
description of the new San Francisco Municipal Railway’s subway signal
system is presented, and conclusions are then drawn as to the general
design concepts required for other future light-rail systems,

Any transit planner, regardless of his or her particular
areg of interest, is confronted by many guestions in
considering light-rail transit (LRT): Is a signal system
necessary? If so, what type of sighal system will meet
the need ? What kind of equipment should the signal sys-
tem employ ? What systems are available, and what are
their relative merits? This paper will address these
guestions.

Whether to install a signal system on an LRT facility
is a very important issue and involves a trade-off be-
tween economy on one hand and safety and efficiency

on the other hand. A signal system adds to the initial
cost of a facility, increases maintenance expense, and
presents operational and administrative problems,

From the standpoints of both safety and uninterrupted
service, a poorly maintained signal system is worse
than no signal system, and a competent maintenance
force must be recruited, trained, and maintained by the
operating authority. In the case of small signal systems,
it is necessary to train and keep a larger force of people
familiar with the signal system than is actually necessary
to carry the work load; qualified people will thus be avail-
able at all times and the force will not be completely de-
pleted by resignations, retirements, sickness, vaca-
tions, and 50 on. Ordinarily, training is part of the con-
struction contract, and the original trainees train others
as vacancies occur and are filled. Every signal system
must have its set of operating rules to govern employees,
both the car operators and others. The employees must
be capable of understanding the rules and be willing to
abide by them; this fact may force a change in hiring
practices and involve special measures to enforce com-
pliance with the rules. It may even involve changes in
labor contracts to permit the discharge of employees
who violate the operating rules,
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In contrast to the expense and complications involved
in a signal system are the disadvantages of operating
without one. ‘Without a signal system, full responsgibil-
ity for safety rests with the car operators and their re-
actions to what they can see by looking aliead. Conse-
quently, operators must limit their speed o a rate from
which they can bring their cars fo a stop within their
range of vision, When topography or weather conditions
create short sight lines, very low speeds result. Run-
ning times are also increased if cars must slow down
or stop for drivers to operate track switches. For these
reasons, a facility that lacks a signal system has less
capaclty, 1ess operating ﬂexxblllty, and probably less
safety.

If, in Sp1te of the costs and comphca’nons, it is nec-
essary to install a signal system, a compromise must
be reached between economy on one hand and, on the
other hand, the need to ensure safety, attain the full po-
tential efficiency of light-rail vehicles (LRVs), and
meet both the requirements of legal responsibility and
the pressures of public opinion, At this time, as in the
past, the most attractive compromise is to select one
of the several variations of conventional signal systems
that have been in service for many years on the nation's
~ long~haul railroads and metropolitan heavy-rail transit
(HRT) facilities. The alternative choice is to assume
the expense of experimenting with a newly conceived
system and run the risk of operating with a patched-up
one-of-a~kind system. A review of the reports pre-
sented at the 1975 Light Rail Transit Conference reveals
that many of the speakers felt that the acceptance of
LRT depends to a great extent on (a) keeping the costs
down and {b) the developrment of new systems through
accelerated research. Excessive cost may very well
block a proposed LRT project, and there is no need to
burden a project with expenditures for signal research.
There are suitable systems proven in extended service
immediately available that can be adapted to meet the
features and operational requirements of any proposed
LRT facility. These proven systems employ relay logic
extensively, whereas other systems make mmich more
use of either hard-wired, solid-state logic or computer
logic and have had much shorter demonstration periods.
Relay logic has some important advantages:

1. Itis largely free of the bad effects of electrical
transients.

2. It is easily understood, the operation can be read-
ily determined from a circuit plan, and the operation of
the component relays can be observed visually.

3. Only a few simple instruments are required to
maintain relay logic and correct faults.

4, The components are rugged and, to a very great
extent, free of deterioration from aging, humidity, heat,
and so on,

5. Relay logic is not finely tuned; very few adjust-
ments are necessary.

CONVENTIONAL SIGNAL SYSTEMS

1. Automatic block signal system: The track is di-
vided into sections (blocks), and a trackside signal is
located at the entrance to each block. These signals
convey information to car operators concerning the
presence or absence of cars in one or more (usually
two) of the blocks immediately ahead. Safety depends
on whether the signal system operates as intended and
on whether the operators remain alert, observe the sig-
nals, and control their cars in accordance with the in-
formation conveyed by the signals. This system can be
employed for two-direction operation on the same track,
in which cage signals are provided at each end of each

block. This system does ncrf. requ1re any car-borne 51g-
nal equipment.
2. Automatic block signal system with train stop:

- This system reduces the degree of responsibility vested

in the car operators. HRT systems generally use me-
chanical trip-stop arrangements in which a trackside de~
vice engages a lever on a car that passes a STOP signal
and causes the brakes to be applied. Another version
that has been employed by long-haul railroads consists
of an electrical trackside device that inductively couples
with a car-carried device and applies the brakes unless
the operator manually acknowledges each restrictive sig-
nal a8 he or she passes it. Automatic train stop greatly
reduces the hazard of an incapacitated or inattentive op-
erator. This system requires only a moderate amount
of additional car-borne equipment.

3. Cab signal system: Signals in the car operator's
control cab can supplement or take the place of trackside
signals and provide the car operators with signals that
are not only clearly visible in all weather conditions but
are also in view continuously. Cab signals advise car op-
erators of changed conditions ahead (whether better or
worse) as they occur; this enables the operator to in-
crease or decrease speed immediately, that is, without
waiting for the next trackside signal to come into view.
Most cab signal systems require the car operator to
manually acknowledge a restrictive cab signal indica-
tion to prevent a brake application. This also reduces
the hazard of an incapacitated or inattentive operator.

4. Cab signal system with automatic speed control:
This system requires the operator fo take steps imme-
diately to reduce the speed of the car when the cab sig-
nal calls for a speed lower than that at which the car is
currently traveling, If this is not done, the brakes will
be applied and cannot then be released until the car
comes fo a stop, A limit to the highest speed permitted
is also imposed.

5. Automatic train operation system: This system
leaves the car operator little to do except watch the op-
eration and take control of the car in an emergency. In
some but not all installations, the cperators control the
doors or depress a button to start a car in motion. Ina
fully automated system, the speed of the train is auto-
matically controlled in accordance with conditions ahead,
and the cars stop in their proper berths at stations auto-
matically.

Highway grade-crossing protection consists of flagh-
ing lights that warn highway traffic of approaching rail
vehicles, In many cases the flashing lights are aug-
mented by crossing gates, which provide a physical bar-
rier to highway traffic on both sides of the tracks. High-
way crossing protection is usually controlled avtomati-
cally by approaching trains, but manual control may be
provided either as the primary control or as a supple-
ment to automatic control, The avtomatic control can
effectively take care of special situations, such as avoid-
ing delay to highway traffic when a rail car makes a sta-
tion stop near a highway crossing, The train-detection
gystem employed in conventional signal systems can be
used to preempt street traffic Hghts either independently
or in a way that coordinates the operation of street traf-
fic lights with the operation of highway grade-crossing
protection gates and flashing lights.

Interlockings are power-operated track switches pro-
tected by trackside signals whose controls of switches
and signals are interlocked so that the signals cannot be
displayed to authorize car movements unless the switches
are properly set and so that switches cannot be operated
while PROCEED signals are displayed. Interlockings
can be controlled manually from local control panels,
remote control panels, or push buttons located at the
signals, or they can be controlled automatically by ap-
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proaching cars. Conventional interlockings may have
two different sections—one that is not involved with
safely and one that is. The generation and transmis-
sion of commands from a central {remote) control panel,
a loecal control panel, or an automatic route-selection

or dispatching arrangement are not safety functions and,
while failure of the equipment that performs these func-
tions may interrupt service, such failures will not af-
fect safety. Therefore, cheaper relays, multiplex tech-
niques, and other techniques in which failure modes are
unpredictable can be used. The section that executes
the commands, however, is very much concerned with
safety, and that section, as well as the automatic block
system between interlockings, must be designed with
safety as the prime consideration.

FAILURE MODES

Failure modes are an important consideration in secur-
ing safety. Most devices have two or more failure
modes, and some devices can be designed to. have one
failure mode that occurs extremely infrequently., For
instance, when it is operating normally; a relay has its
prime contacts closed when its coil is energized and its
prime contacts open when its ¢oil is deenergized. There-
fore, this relay has two failure modes: the prime con-
tacts may be open when they should be closed, or they
may be closed when they should be open. By designing
the relay so that the prime contaets are opened by grav-
ity {plus spring bias in some relays) and carefully avoid-
ing anything that would impede the movement of the con-
tacts, one failure mode (prime contacts closed when
they should be open) has been rendered highly unlikely

at the expense of the other failure mode, It then re-
mains to design the circuit that supplies power to the
relay coil so that there is little chance of the relay coil
being energized when circumstances require that vehicle
movements he restricted and to arrange the circuits con-
trolled by the relay so thai restrictions will be imposed
when the prime contacts of the relay are open and re-
moved when they are closed, The relay provides a sim-
ple example of a device that has one failure mode that

is extremely rare and shows how this fact can be used

to advantage in relay logic. Some electronic devices

can be designed to have one very rare failure made, but
this is more difficult to achieve,

The safety sections of either a simple or a complex
conventional signal system are created by assembling
proven components and proven methods into a system
that is adapted to fit the physical features and operating
requirements of a particular facility, The failure modes
of all the components must be predictable, and the cir-
cuitry must be such that the more frequent failure modes
do not affect safety. This has led some people to refer
to the conventional signal system as a fail-safe system.
This is unforfunate, however, because no system can be
entirely free from unsafe failures, and the proponents
of recently conceived substitute systems often denigrate
the fail-safe (conventional) system on the basis that it is
abviously not 100 percent fail-safe, The conventional
signal system is really a highly acceptable compromise
between economy and safety that has been developed and
improved through decades of extensive use. It is now
the standard of safety and reliability by which all pro-
posed substitute systems must be judged., It is interest-
ing to note that the evolution that has made conventional
gignal-system components extremely safe has, coinci-
dentally, made them very reliable.

If a conventional signal systetn includes some type
of remote or centralized control of interlockings, the
link between the control console and the interlockings
may employ electronic devices, and the maintenance of
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this link may require the services of an electronic tech-
nician, On the other hand, the safety portion of a con-
ventional signal system does not require the services of
this type of technician. A person needs only a slight
familiarity with the elements of electricity and a little
patience to understand the relay logic and the rather
simple components used in conventional. -signal systems,
While the circuitry for a large interlocking can be very
intricate, there are no truth tables, no formulas, no
equations, and no complex theories involved. Even the
circuit plans by which the approved components are as-

" sembled into a system can be prepared by people who

have no other specialized training; provided they are
familiar with the standard principles and practices of -
conventional signaling, which are nothing more than
the lessons learned through decades of experience.

ADVANTAGES AND DISADVANTAGES *

The advantages of a conventional signal system include-
the following.

1. H has all the advantages of relay logic mentioned
above except, of course, in those portions where relay
logic is not used.

2. If the electronic components included in the sys-
tem can be considered biack boxes that have specific
outputs corresponding to specific inputs and represented
on the circuit plans as empty squares, then the design is
relatively straightforward, and the operation can be
easily understood by people without training in electron-
ics or other specialized fields.

3. The standard components of conventional signal
systems have been perfected by long use, and the sup-
pliers have continued to supply replacement components
and repair parts for long periods, '

4. The components are smaHl and easily rearranged
in different configurations when this is necessary to ad-
just the signal system to altered operational features,
an increase in patronage, or an enlarged service area.

5. The components are distributed over the facility;
that is, there is no large component or large concentra-
tion of components in which trouble will shut down or en-
danger the entire facility, The things that provide safety
are located in the area they protect and transmission
problems are largely avoided by keeping communication
lines shoxt.

6. Long experience has developed a fine balance be-
tween economy and safety in regard to details of how
standard components are combined into a system to fit
a particular facility,

7. Long experience has produced an accurate under-
standing of how much preventive maintenance is required
to keep a conventional signal system operating safely.

There are some problems connected with conventional
signal systems, including the following.

1. Most knowledgeable engineers, technicians, and
mechanics are employed by signal-supply companies,
railroads, or HRT systems in which they have learned
the business from their predecessors, It is therefore
difficult to recruit experienced people.

2, There are very few contracting firms that have
signal experience,

3. Signaling appears so simple from the outside, like
street traffic signals, that firms looking for jobs or anx-
ious to diversify may enter into signal contracts they are
il! fitted to carry out.

4, Al signal work (design, installation, and mainte-
nance) requires painstaking adherence toaccepted prineci-
plesand practices, butnot everyone has the needed patience.
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5. There is very little literature available on this.
subject. The signal-supply companies publish informa-
tion regarding their products and the Communication
and Signal Section of the Association of American Rail~
roads has published considerable material, but none of:
this material is of much use to a person who does not
already have a grounding in signaling.

" 6. The railroad industry has never recognized a-
need to compile statistics on railroad signal-system
performance.

The fixed portion of a signal system for an LRT fa-

{ cility, either single or double track, should not cost
more than $187 500/route km ($300 000/route mile),

4 including impedance bonds, power supply, and all other
-signal costs, except system-length conduit runs or duct
lines. Car-borne cab signal equipment may cost

$10 000/car; automatic speed control may cost $1500/
car. These are very rough average figures, and they
are quoted here only to present a very general idea of
signal costs, which are affected by many variables, in-
cluding the fact that unit costs are higher for small
quantities than for larger quantities.

SAN FRANCISCO'S SIGNAL SYSTEM

A conventional signal system is now being installed on
the Market Street underground portion of the San Fran«
1 cisco Municipal Railway (Muni). It will include cab sig-
{nals, automatic speed control, and five small interlock-

|jngd, There will be no trackside signals except at the
linterlockings, It will be a double-track system in which
both tracks are signaled for movements in both direc-
tions, but cars will normally move on the right-hand
track only, and the interlocking signals will clear auto-
matically for all normal car movements including nor-
mal turnback movements, At two locations where it is
necessary to determine the identity of cars in order to
set up the correct interlocking route automatically, that
information will be fed to the signal system by an inde-
pendent and separate destination-sign system to be de-
scribed later. If the interlocking route automatically
selected is not the correct route, the operator of a car’
may stop the car at the interlocking signal and correct
the route selection by reaching through the window of
the cab and depressing trackside push buttons.

At the downtown terminal the tracks are stub ended,
Arriving inbound cars will be automatically routed to
whichever station track is vacant or, if both are vacant,
to the left-hand track as viewed from the front of in-
bound cars, OQutbound cars beginning their ocutbound
trip will be routed to the normal outbound (right-hand})
track automatically after the operator has indicated his
or her readiness to depart by reaching through the cab
window and depressing a trackside push button. There
are two portals; one that is 8.8 km (5.5 miles) from the
downtown ferminal is used by three surface lines. Two
turnouts in the main tracks about 4 km (2.5 miles) from
the downtown terminal lead to the other portal, which is
used by two other surface lines, Cars being placed in
service or being taken out of service will move directly
from one portal to the other without traveling to the
downtown terminal. These cars will stop, reverse their
direction and cross over at an interlocking approximately
3.2 km (2 miles) from the downtown terminal. Such
movements are considered normal; that is, the track
switches will be positioned and the signals cleared auto-
matically in advance of each movement.

Each interlocking is provided with a local control
panel in the local relay room, The interlocking at the
downtown terminal has an additional control panel lo-
cated on the station platform. None of thege control

;5\panels will be staffed in normal circumstances, but they
iprovide the means for changing over from automatic to-
interlocking signal a set of push buttons that can be ac~ .
tuated by the operator of a car stopped at the signal. By
reaching through the window of the cab, the operator can
select any one of the several routes available to that car
or cancel a previous route selection. It will not be nec-.

‘ij‘ manual control at will. In addition, there will be at each

essary to make use of these push buttons in normal cir-
cumstances. )
The cab signals display three aspects: 10 MPH [16

km/h], 27 MPH [43 km/h], and 50 MPH [80 km/h]; the

automatic speed control enforces these speeds by requir-
ing positive action by the operator to aveid a penalty stop
when the actual speed exceeds the speed indicated by the
cab signal by more than 3.2 km/h (2 mph). The cab sig=
nals are cut in automatically on all ears of a train when .
that train enters a porfal and cut out automatically when
a train leaves a portal. The automatic speed control en-
forces a top speed limit of 80 km/h—actually 83 km/h
(52 mph)—regardless of whether the cab signals are cut.
in or cut out. The cab signals or the automatic.speed
control can be cut in or cut out manually by breaking g
seal and operating a switeh in the electric locker.

Interlocking signals will display stop aspects and as-
pects authorizing a car to proceed in accordance with cab
signal indication. The operator of a car that does not
have cab signals or whose cab signals are out of order
and stopped at an interlocking signal will be able to
change a "proceed in accordance with cab signal indi-
cation™ aspect to a "track clear to next signal' aspect
(when conditions permit) by reaching through the cab
window and depressing a push button. All PROCEED as~
pects will include information concerning whether the in-
terlocking route is straight.

The Muni signal system will include electronic am-
plifiers and demodulators on the cars and electronic
demodulators as part of the train-detection system, but
it is primarily a relay logic system.

A central computer will track the cars and conirol
the display of destination sighs at each of the nine sta-
tions. The operator of each signal car or the operator
of the lead car of each train will be required to describe
his or her car or train before entering a portal and be-
fore beginning an outbound trip. This will be done by
‘means of input devices connected to the computer that

| can be reached from the cab. As indicated above, the
{destination-sign system will feed train-identity informa-
tion to the signal system at two locations; otherwise, the
signal and destination-sign systems are entirely inde-
pendent,

The selection of the system being installed was dic-
tated by cost considerations and current patronage, and
it ig expected that this system will suffice for many
years, However, if conditions change, the system can
readily be upgraded as needed without any major loss of
the original capital investment. For example, central-
ized control can be conveniently added, and an automatic
car-identification arrangement can be easily substituted
for the present manual computer inputs. In fact, the
waygide and car-carried equipment could be augmented
to provide full automatic train operation in the subway
if that becomes desirable.

OBJECTIONS TO CONVENTIONAL
SYSTEMS

Proponents of actual or proposed systems to supersede
conventional signal systems often advance objeciions to
the conventional systems, inciuding the following.

1. Relay logic is old-fashioned and out of date, and

|
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relays require more space and consume more power
than electronic devices.

This is true. There is nothing new or novel gbout-
relay logic, and relays do reguire more space and use
more power than electronic devices. However, the
space and power requirements of relays are not large,
and the savings that can be made by substituting elec-
tronic devices is therefore limited.

2. Conventional signal systems are designed to stop
vehicles when component failure occurs,

This is true, but it is entirely justified by the alterna-
tives. No maiter how serious an interruption to service
may be, allowing a car to proceed when it may not be
safe for it to proceed is more serious.  If a component
failure must cause neither a false PROCEED signal nor
a stop, then redundant systems must be provided, Aswill
be explained later, redundant systems are very expensive,

3. Conventional signal systems depend on appropri-
ate human performance for safety.

As was explained in the descriptions of the various
forms of conventional signal systems, the cheaper
forms depend on appropriate human performance to a
greater degree than do the more sophisticated forms.
Thus, a reduction in dependence on human perfortnance
entails increased cost, and the complete elimination of
vulnerability to human error entails very great cost. A
typical cab signal and avtomatic speed conirol system
requires dependence on the car operator in two situa-
tions. When it is approaching another car or a stop-
interlocking signal, a car is automatically restricted to
a low gpeed, such as 16 km/h (10 mph), but the operator
is responsible for bringing the car to a stop. When a
car is stopped by the failure of a signal, the car operator
may obtain oral permission to override or cut out the de-
vices that prevent the car from moving and then operate
the car with no restrictions other than the usual operat-
ing rules. To eliminate the dependence on operators to
bring a car to a stop after its speed has been reduced
automatically but still permit closing up in stations and
other areas, it is necessary to establish very short
blocks and to control the speed of cars in very small
increments, Although this can be done, the cost is high.
To eliminate standby manual operation as a means of
moving cars after a component in a signal system has
failed, it is necessary to provide standby or redundant
signal and automatic speed control systems to prevent
a, component failure from bringing operations to a stop.
In this conmection, it is important to note that simple
duplication does not suffice. When duplicate systems
produce conflicting outputs, e.g., GO from one and
STOP from the other, it is difficult to determine which
system is in error; a minimum of three redundant sys-
tems is thus required to minimize delays resukting from
failures in a system that does not have standby manual
operation, The cost of a signal system that neither re-
quires nor permits human intervention would be pro-
hibitive for any but the most highly congested facility.

Most proposed replacements for conventional signal
systems are electronic—either hard-wired solid-state
or digital computer systems., It is claimed that simple
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- hard-wired solid-state devices like those currently em-
" ployed in the safety portion of conventional signal sys-

tems can be designed to have predictable failure modes.
However, systems able to handle more complicated

“logic can be made safe only by resorting to redundancy,

closed-leop arrangements, or other expensive techniques.
These techniques incréase both the cost and the number.
of components that may fail. - Designers of electronic
signal systems must guard against the temptation to
compromise safety in order to keep costs down and the
temptation to avoid the inereased exposure to component
failure in redundant systems by acecepting a GO from
either system instead of requiring a GO from both SyS-
tems before permitting a car movement, .

The first application of electronics to the safety por- -
tion of a signal system took place in 1923 in connection
with the original cab signal system. Since that time,
electronics has been used extensively in the nonsafety
portions of conventional signal systems, and there has
been a limited use of electronics in the safety portions:.
amplifiers and decoders in car-borne cab signal equip-
ment, decoders with coded track circuits, high-frequency
track circuits, overlay track circuits, motion detectors,
and so on. More general use of electronics in signal .
systems has been. retarded by the difficulties and the ex-
pense involved in producing electronic devices or sys-
tems that have predictable failure modes., Safe and re-
ligble electronic signal systems will be available even~
tually, but they will be available first in a form more -
suited to HRT than to LRT. This is because their high
cost will be justified only by the demands of highly pa-
tronized and highly congested systems in which the need
for full automation, high speeds, small headways, no
interruptions, automatic dispatching, automatic ad-
justment of schedules when trains fall behind schedule,
and S0 on is urgent. At the present time, the electronic
devices used in the safety portion of conventional signal
systems are used principally to drive relays, the con-
tacts of which are then used in the conventional relay
logie,

CONCLUSION

In this paper I have tried to present some facts and ideas
about signal systems that will be helpful to people plan-
ning an LRT facility, Most important among these are
that a signal system should not be installed unless its
proper maintenance is assured and that the distinction
between the section of the signal system that is not in-
volved with safety and the section that is so involved
should not be overlooked. Safely must be the prime con-
sideration, and it must not be entrusted to unproven
equipment or methods. If for some reason an exotic ar-
rangement for generating and transmitting commands
must be installed, it should be ensured that the commands
will be executed by a time-proven system of the type gen-
erally referred to as fail-safe. The type and form of the
signal system selected should be those that are best
suited to the needs of the faeility; the temptation to be
ultramodern or to build a showpiece should be resisted.
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Use of Railroad Rights-of-Way
for Light-Rail Transit Systems

Arthur Schwartz and John D. Wilkins, Chase, Rosen, and

Wallace, Inc., Alexandria, Virginia

This paper describes the conditions that are required for railroad rights-
of-way to be usable for light-rail transit. Some of the locational charac-
teristics of desirable rights-of-way are described. A method for analyzing
railroad use and physical characteristics is presented. Several solutions
to problems in using railroad rights-of-way are outlined. The design pa-
rameters for joint use of rights-of-way are explored.

There are many potential locations for construction of .
low=-cost light-rail transit (LRT) systems that use rail-
road rights-of-way. Recent railroad mergers and the
decline in railroad passenger service have led {o the
downgrading or partial abandonment of many once im-
portant urban rail lines, In addition, shifts in the char-
acteristics of freight handling have changed the manner
in which the urban rail network is used. Such factors
as the increased use of piggyback shipping and contain-
erg and the relocation of industries to outlying facilities
have increased the number of rail lines available in ur-
ban areas. .

Obtaining railroad rights-of-way may require one or
more of the following: (a) relocation of through move-
ments to other routes, (b) abandonment of railroad ser-
vice, (¢) provision of separate trackage within the same
right-of-way, (d) joint use of trackage, and (e) provision
of rail freight service by the LRT system. The applica-
bility of each of the solutions depends on individual cir-
cumstances. Factors that must be considered in analyz-
ing various solutions include the density of rail freight
traffic, the number and rail-usge levels of on-line indus-
tries, and the availability of other routes.

The locational characteristics of a railroad right-of-
way that are most generally desirable are {(a) access to
a central business district (CBD) and (b) penetration of
an area of sufficient population to provide an adequate
level of use. Access fo a CBD does not necessarily re-
quire a right-of-way that goes into the center of the
commercial area. It is more likely that the right-of-
way will reach the edge of the CBD, and only a short
section of subway construction or street operation is
needed to reach the commercial center. In many cities,
this distance is less than 1.6 km (1 mile),

While it is not within the scope of this paper to ad-
dress the issue of the level of use necessary to support
LRT operations, it must be pointed out that many rail
corridors that have access to & CBD are not suitable
for LRT development because they largely serve indus-
trial areas or undeveloped parts of an urban area or are
isolated from residential development by terrain or nat-
ural barriers. TFor example, a right-of-way may lie
along the edge of a river in a relatively narrow valley.
Often access to one side is blocked by the river, and ac-
cess to the other side is made difficult along much of the
tributary area because of the slope of the terrain.

Feeder service, using either buses or park-and-ride
lots, can sometimes be used to overcome locational dis-
advantages if the length and speed of the line (and thus
the amount of time advantage that the line provides) are
sufficient to offset the circuitous routing. Travel dis-
tances must be of sufficient length that a somewhat cir-
cuitous route is still competitive with other modes in
total travel time. This condition is likely to occur only

in the largest urban areas. - ' o

In addition to providing direct access t¢ a CBD, rail-
road rights-of-way may be useful for LRT service in the
largest urban areas in two other ways. LRT may serve
as a feeder to an existing rail transit service, as on the
Ashmont-Mattapan line in Boston. This type of feeder
may, in some situations, be less costly to construct and
operate than an extension of heavy-rail transit (HRT) ser-
vice. Ina very few situations, nonradial or crosstown
routes may be desirable in the largest cities. However,
these routes are likely to be useful only where they serve
as feeders to other rail lines as well as provide cross-
town service,

To sum up, a railroad right-of-way is valuable for
LRT service if it serves a corridor with a high volume
of current or potential transit use. In many situations,
the existence of high-volume bus routes will indicate the
presence of such a corridor. Railroad rights-of-way
that are not located in potential high-volume corridors
will not be useful for successful LRT routes. The temp-
tation to regard a right-of-way as suitable simpiy be-
cause it is easily available should be strongly resisted.

RAILROAD USE AND TRACK
REQUIREMENTS

Use

Analysis of rail-line use requires a thorough knowledge
of the type of train movements that travel the line, the
volume of train movements, and the magnitude and fre-
quency of car spottings on individual sidings along the
line. Gathering data at this level of detail is a necessary
first step in determining the feasibility of using a partic-
ular railread right-of-way,

Several types of train movements may be used on g
given line, e.g., through freight and passenger train
movements between points remote from the line under
congideration, local or way freight movements that trg-
verse the line but may also set out and pick up cars
along the line or switch cars for major customers,
switching movements that operate exclusively to pick
up and set out cars on a given line or within a given
switching district, and transfer movements to exchange
freight cars between railroads or between nearby yards
on the same railroad. Knowing which movements are
used permits categorization according to which simply
traverse the line and which use the line to switch cars
to on-line rail facilities or customer sidings, I should
also be determined whether these movements are attrib-
utable to one or several carriers. The owning road may
grant access to other roads., The line might also repre-
sent joint trackage, i.e., it may be owned by several
roads.

Field observations may be a useful source of this
data if a sufficient number of observations are made.
Rail activities can fluctuate enough that it could be mis-
leading if only one or two observations are made, Rail
records are the best source of use data once the type of
movement is known., Some common sources include the
following.

s,




1, A timetable for employees provides a list of ail
scheduled trains. Generally only a portion of the total
freight movements will be shown. Within the timetable
is a section (special instructions) that details the type
of signal rules governing the line, speed limits, and
other operational features,

2, Train sheetls are kept by a dispatcher and log all
through train movements over the line. . If the line is
totally or partially within area switching (yard) limits,
these sheets will not constitute a log of all train move-
ments, ‘ ’

3. Block office records detail all trait movements
that have passged an office by a given time of day,

4. A yardmaster controls movements within a spec-
ified territory, subject to the railroads' operating rules.
Most railroads require that a log of these operations be
maintained, but through movements are not likely to be
shown.

Railroads also maintain records from which the fre-
quency and number of railroad cars that use a given
siding or group of sidings can be determined. Sources
of this information include the car accounting records,
whichare maintained primarily to support per diem and
demurrage charges but can also be used to determine
the magnitude and frequency of use of sidings, and way-
bills, since an analysis of waybills for customers on 2
given line specifies rail use and when it cccurred. At
least two sources of information, one on movements in-
formatijon and the other on siding use should be employed.

Figure 1. Possible configurations for industrial sidings.

. (a) Switching lead with muitiple sidings
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Track Requirements

The review of use will provide a preliminary indication
of the current track requirements and which track facil-
ities may be classified as excess, Through movements
that are either frequent or random in occurrence will re-
quire retention of main-line tracks or relocation of the '
movement to another line., These movements must be
able to traverse the line at any time without delay and
generally require that tracks for on~line switching activ-
ity be segregated. Tor example, switching tracks should
be designed to allow switching activities that do not foul
main tracks. In areas where there are numerous rail
customers, a parallel switching lead is ofien a practical
solution, as ig shown in Figure 1A. A switching lead in-
tended to serve one customer should have two stub tracks
of sufficient capacity to avoid fouling the main tracks -
during switching movements, as in Figiure 1B. The ab-
sence of through movements or minimal siding activity
will allow switching to be accomplished by using the main .
track, as in Figure 1C,.

The number of main tracks that must be retained is
generally a function of the volume of through train move-
ments and the fype of signalization that is used. For ex-
ample, if there is no signalization or if the existing signal
system is unidirectional, a railroad may chose {o retain
two main tracks, even in traffic of moderate density. The
LRT project may be gble to reduce the railroad's track
need by improving the signal and control system and
thereby increasing the capacity of the remaining tracks.

e .
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(b) Switching lcad for single siding ;‘ :

(c) Sidings connected to main line
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(d) Railroad and LRT on same right-ol-way,
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The location and number of sidings that must be re-
tained will be determined by the waybill analysis or car
accounting records. If sidings are randomly located on
both sides of the right-of-way, it will be necessary for
the LRT line to be crossed. The track arrangements
must be such that railroad switching activity does not
take place on the crossing. A possible configuration is
shown in Figure 1D. The operational aspects of sucha -
erossing are further discussed in a following section. .

CONSTRAINTS ON THE USE OF
RAILROAD RIGHT-OF -WAY

The level of use is the major determinant of the avail-
ability of a railroad right-of-way for an LRT system,
but there are other areas of consideration that are also
important, particularly the issues of whether the phys-
ieal characteristics of the line are suitable to accommo-
date an LRT operation, what institutional constraints
might be encountered, and how they will affect operation
of the line.

Physical Characteristics

The physical characteristics of a rajlroad right-of-way
that are important for potential LRT use include width
of the right-cf-way, number and location of rail cus-
tomers, number and type of highway and railroad cross-
ings, and barriers to right-of-way expansion.

Right-of-Way Width

An inventory of right-of-way widths can be compiled by
obtaining Ignterstate Commerce Commission (ICC) evalu-
ation maps from the railroad engineering department or
tax maps from the local government body. A simple
field check is recommended as part of the preliminary
planning to determine whether there are incursions of
nonrailroad buildings or structures and to check the lo-
cations of railroad structures, such as bridges, fills,
and cuts.

The right-of-way must at least accommodate two
tracks and be approximately 9.14 m (30 ft} wide. The
need to provide for continued railroad operation will re-
quire a wider right-of-way. The exact width will depend
on the number of tracks and the use to which they are
put. The mazimum number of tracks a railroad is likely
to require is four, two main tracks and two parallel sid-
ings that will accommodate switching activity without
fouling the main tracks. The railroad may need only
one track to accommadate switching activity. The nature
of track use also has an effect on the required width,
Main tracks designed for high-speed operation may re-
quire greater width to accommodate perimeter fencing,

The right-of-way width in areas of cuts or fills is
also important if additional tracks are required to seg-
regate railroad operations. The need to increase the
size of these structures to accommodate segregated
trackage can also require wider rights-of-way. Since
railroads use a great deal of off-rail maintenance equip-
ment, vehicle access roads may be required if the rail
line is a major route, Right-of-way width is also eriti-
cal in areas where it may be advantageous now, or in
the future, to have grade separations.

Number and Location of Rail Customers

The use survey will provide a list of all active custom-
ers. The likelihood that inactive sidings will become
active in the future may also need to be investigated.
Some sidings may be inactive because the facilities they
serve are temporarily vacant. Others may be inactive

becausge users switched from rail service to truck or
piggyback service. A survey of the owners or tenants
of inactive sidings is recommended to permit estima~
tion of the future use of these facilities, '

Barriers to Right-of~Way Expansion

The railroad right-of-way cannot be expected to supply
all the land needs associated with the LRT line, Stations
may require land outside the right-of-way to accommo-
date parking and in certain cases to facilitate access.
Platform areas can usually be accommodated within the
right-of-way, but the need for continued railroad opera-
tions may require additional width at stations.

Grade-separation structures can have two effects,
Additional land may be required for the structure ap-
proaches, particularly where a street grade is changed
and the railroad grade remains the same. Also, land -
may be needed for both rail and highway traffic detours
during construction. :

The ability to expand the right-of-way can be esti-
mated by taking an inventory of all structures that bor-
der or are near the existing rail line, This is especially

- important near proposed station sites or where grade-

separation structures are required.

Number and Type of Highway
and Railroad Crossings .
LRT operations have the flexibility to tolerate grade
crossings as long as they do not present severe operating
impediments. Traffic volumes by time of day should be
obtained for all highway crossings to determine possible
trouble spots. The presence of a large number of heavily
used highway erossings that would require grade separa-
tions could push costs up to the level of rail rapid transit.
Heavily used highway crossings that are not grade sepa-

Sated will probably require the installation of traffic sig-

nals that are tied into the street signal system. Such
signals would reduce interference with street traffic but
would lower the quality of LRT service by increasing
running time. If railroad grade-cressing signals are
acceptable from the point of view of traffic control, then
LRT service would be relatively unimpeded. The inter-
connection of grade-crossing signals with traffic signals
at nearby intersections to minimize both LRT and street
traffic delay has been proposed for Edmonton, as noted
by O'Brien, Schnablegger, and Teply in their paper else-
where in this Report.

Railroad crossings can pose similar problems.
Crossings of railroad main and branch lines can create
service-delay problems because of the randomness of
train operation. This situation is even more acute if it
is the railroad that controls the crossing, since the con-
trolling party has the right to hold or stop any movement
on the other line in order to protect movement on its own
line. If control is exercised from a remote location,
waiting time will be even greater. Such situations could
not be tolerated, and a grade separation would be re-
guired. Crossings that have railroad switching leads
can be tolerated if they are infrequently used and activity
can be confined to nonpeak periods, In addition, all
switching would have to be done outside the limits of the
crossing.

Operating Issues
The need for continued rail access to all or a portion of

the right-of-way requires either operational or physical
separation of railroad and LRT activity.




Operational Separation

Railroad and LRT operations can use the same track if
railroad operation is restricted to periods that would
not interfere with LRT operation, Railroad operation
would typically be restricted to the late evening hours,
during which its impact would be negligible or nonexis-
tent. In most instances, railroads would not tolerate
such restrictions on through freight movements but
might be inclined to accept them on switching move-
ments, The feasibility of restricting switching move~
ments depends largely on the needs of the rail shippers
affected. If the shipper requires early morning delivery
at some destination, the siding wiil have to be switched
in the late afternoon, and a restriction could not be tol-
erated. In this instance, physically separate rail facil-
ities would have to be provided.

The joint use of tracks without this form of separa-
tion would present a variety of problems, not the least
of which could be the effects on LRT service reliability,
Other problems would include incompatibility of signal
and other train-control systems used for railroad and
LRT operation and the incompatibility of operating rules
of the two systems. Joint use without operational sepa-
ration is not recommended.

Physical Separation

Railroad and LRT operations may use separate track
facilities within the same right-of-way, scheduling
movements so that they have minimal impact on each
other. It is quite likely that situations will arise in
which the railroad will require access to both sides of
the right-of~way (Figure 1D), necessitating one or more
crossings at grade. Such crossings will require inter-
locking facilities that protect movements on both lines.
Understandings will have to be reached as to the hours
that the railroad can use the crossing and the length of
time the crossing can be held by the railroad.

Institutional Constraints

It is impossible to list all institutional problems that
might arise, since many are based solely on local con-
siderations, However, federal agencies or regulations
will have significant impact on LRT operation; this is
discussed below,

The Federal Railroad Administration (FRA) exercises
control over railroad safety matters, inchuding track
standards and equipment design. The FRA has no juris-
diction over rail transit operations that do not provide
interchange freight service. An LRT line would have to
adhere to FRA track standards in areas of joint use,
However, those standards are generally less stringent
than normal LRT operating practice. If joint operations
did not have positive time separation, the FRA might in-
sist on compatible car-design specifications. These
specifications would rule out the use of light-rail vehi-
cles {LRVs) because of the differences in floor and cou-
pler height. There have been numerous examples of
mixed railroad and LRT operations in the past, but un-
fortunately no examples have survived to form a prece-
dent today.

LRT operations linking two states would fall under
the jurisdiction of the ICC in matters of rates and ser~
vice. Lines that handle short-haul passenger traffic
exclusively are classified as suburban electric railways
and are thus now subject to ICC control only in regard
to rates.

If an LRT line were to assume direct responsibility
for freight operation over its lines and participate in
joint tariffs, the ICC would have jurisdiction over the
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freight service and could possibly claim jurisdiction -
over passenger service on the basis of some rather an-
cient precedents (1). 'The one transit operation that also
provides rail freight service, the New York City Transit
Authority, has used a subsidiary company, the South
Brooklyn Railway, for its freight operations in order to
avoid the problems of ICC jurisdiction, Operation of
freight service by an LRT system under contract to a
railroad would most likely remove the LRT system from
ICC jurisdiction, since there would be no participation in
freight tariffs. This was true for the freight service that
the Chicago Transit Authority operated for many years
for the Chicago, Milwaukee, St. Paul and Pacific Rail~

road Company, -

RELOCATION OR ABANDONMENT

"OF RAILROAD SERVICE

Relocation or abandonment of railroad service is often
a means for making a right-of-way available for LRT
use. As mentioned previously, many rail lines in urban
areas have become surplus as a result of railroad mer-
gers and changes in patterns of use.

Relocation of Railroad Service

Relocation of transiting movement to other routes is often
possible in areas that have a high density of railroad fa-
cilities. Relocation of transiting movements may be used
to permit total abandonment of a line that does. not have
significant local traffic, to permit reduction in the num-
ber of railroad tracks required for freight operation so
that right-of-way is available for LRT use, or to reduce
the level of use so that joint use is possible. Figure 2
shows how the relocation of through movements to an al-
ternate route could he arranged. The connections re-
guired for the relocation of service are indicated. In
many situations, new connections will be required, In
some of these sitnations, lines belonging to more than
one railroad will be used, and agreements on trackage
rights will be needed. In other situations, the lines to

be used will belong to one railroad. However, new con-
nections will still be required, particularly if common
ownership of parallel routes is the result of a fairly re-
cent merger,

Abgndonment of Railroad Operations

Abandonment of railroad freight service is possible
where a route is not required for through movement and
there is insufficient on-line traffic to justify its retention,
Abandonment of a railroad line requires ICC approval.
The ICC has established minimum use criteria for aban-
donment at 54 car movements/route km/year (34 car
movements/route mile/year). In many cases, however,
abandonments of significantly more heavily used lines
have been permitted; each abandonment case may re-
quire a unique decision, Alternative uses for rights-of-
way are given consideration in abandonment decisions,
Most such decisions, however, have resulted from the
need to provide an expensive grade separation between
an interstate highway and a littie~used railroad.

In abandonment procedures there is no requirement
for compensation to affected industries. However, the
relocation of on-line industry may be a means of reduc-
ing the level of use of a rail line sc that abandonment is
feasible. Such a policy has never, to our knowledge,
been formally developed. Thus, the legal requirements
of publicly financed industrial relocation, where rail ac-
cess is being discontinued but there is no condemnation
of property, remain unexplored.

The discontinuance or reduction of railroad operations
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Figure 2. Railroad relocation with new connections. L
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to accommodate a federally-funded LRT operation could
give rise to labor protection elaims under section 13¢,
which is designed to give job protection to workers af-
fected by federally supported mass transit projects.
However, ICC decisions in railroad abandonments usu-
ally require employee proteciion as a condition of aban-
donment where only a portion of a rzilroad is affected,

Most railroad abandonment situations would involve
only a small number of employees, and thus could prob-
ably be resolved by the normal railroad employee pro-
tection procedures at low cost. However, where a large
number of employees would be affected, such as in the
discontinuance of a railroad commuter Service, there
could be substantial costs that would have to be assumed
by the LRT operating agency. It is suggested that, if
possible, railroad abandonment procedures be completed
substantially in advance of the acquisition of railroad
property, in order to minimize the employee protection
liability of the LRT operator,

Another possible claim by railroad labor unions is
for jurisdiction over the employees of a new service on
the grounds that it replaces the railroad service. This
claim has been advanced in a few cases in which com-
muter service has been replaced by rail transit service,
but it has never been successful,

DESIGN CONSIDERATIONS FOR JOINT
USE OR JOINT OPERATION

Clearances

Sufficient horizontal and vertical clearance for freight
equipment must be provided in all cases in which rights-
of-way are shared or trackage is jointly used for freight
and LRT operation. The source for all data on railroad
equipment referred to in this section is the Car and Lo-
comotive Cyclopedia (2).

Substantial differences exist between recommended
railroad practice for new construction and clearances
on existing railroad lines. Recommended practice calls
for 6.7 m (22 ft) of vertical clearance and 2.4 m (8 f) of
horizontal clearance for fixed structures as measured
from the track centerline at the top of the rail. However,
the standard clearance diagram for rail freight equip-
ment, as is shown in Figure 3, is significantly more re-
strictive: maximum height of 4.8 m (15.5 ft) and maxi-
mum width of 3.3 m (10.7 ft), 1.6 m (5.3 £t) from track
centerline. Cars built to this standard are acceptable

for operation on more than 95 percent of the railroad
trackage in the United States.

However, although this is the nominal standard, much
of the railroad equipment in service exceeds the vertical
clearances of this standard, Car heights of 5.2 m (17 ft)
are not uncommon. Loaded trilevel automobile carriers
are almost 5.8 m (19 ft) high, A few special cars for
aircerait assembly shipment have been built with a maxi-

" mum height of 6,0 m (19.7 ft). Table 1 gives the typical

dimensions of various types of rail freight equipment.
The ¢learance requirements affect the design of LRT
systems that have joint use of right-of-way or shared
{rackage in three areas. Vertical clearance require-
ments may present problems in relation to wire height.
Horizontal clearances are a problem if platforms at the
car-floor level are to be used in joint operation, Clear-
ance requirements for railroad operation may require
that the clear height of grade separations be increased.
Vertical clearance for jointly used trackage or for
crossings of railroad lines at grade may increase the
wire height beyond the 5.8-m (19-ft) maximum operating
height of the pantograph specified for the standard LRV
(8). However, for most industrial trackage a wire height
of 5.5 m (18 ft) is acceptable. This height will allow a
0.3-m (1-ft) clearance for high-cube boxcars. Railroads
will generally insist on 6.7 m (22 ft) of vertical clearance
on main lines, on trackage that serves automobile-
loading facilities, and for access to industries that are
likely to originate or receive oversized loads. In these
situations, two soluiions are possible. Where a 4.6-m
(15-ft) minimum wire clearance on the LRT line is prac~
tical, the pantograph base can be elevated to provide a
6.7-m (22 ~-ft) maximum wire height., If the problem ex-
ists only at a small number of railroad crossings at
grade, wire bridges may be used, as is done in Cleve-
land (a wire bridge is a lift mechanism that raises a sec-
tion of wire from the normal operating height to a height
sufficient for railroad clearance requirements),
Horizontal clearances present a significant problem
only if platforms at the level of the car floor are de-
sired, Although a railroad freight car is significantly
wider than the standard LRV, the standard design prac-
tice of using 3.7-m (12~ft) or 4.0-m {13 -ft) track centers
and 2.1-m (7-ft) side clearance is sufficient for almost
all freight movements. Three means are available to
provide for freight operation on LRT lines that have high-
level platforms: gauntlet tracks, car-door sill exten-
sions, and hinged platform edges. However, none of




thege meets the test of being both operationally simple
and low in cost. If extensive joint use of an LRT line
is under consideration, it is probably better to avoid
platiorms at car-floor level entirely,

Gauntlet tracks are relatively expensive, since they

require a switch at each end of the gauntlet. In addition,
remote-controlled power switches are necessary if
freight traing are not to stop at each end of the gauntlet
for a crew member to manually operate the switches,
which increases costs substantially. Car-door sill ex-
tensions are feasible only if all stations have high plat-
forms, since the extension must be below the bottom of
the door. Im addition, a gap of approximately 0.3 m

(1 It} would exist between the car side and the platform
except at the doors; this would create a hazard for pas-

Figure 3. Outline of standard LRV and standard clearance
diagram for rail freight equipment,
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Table 1. Critical weights and dimensions of rail freight equipment.

Truck Centers

Gross Adjacent Car
Weight  Individuai Coupled Helght
Equipment (Mg) Cars (m) Cars {m) (m)
Locomotive
Four-axle (EMD-GP38) 113.4 10,37 7.62 4,65
Six-axle (GE-U3I6C) 190,5" 12,5 8.08 4.3
Standard box car 99,8 12.6 4.42 4,75
High-cube box car 99.8 19.51 8.99 5,18
Covered hopper car 119.3 12,156 4.12 4,67
Flat car with automobile rack  99.8 20.12 8.69 5,72
Open hopper car 119.3 10,98 3.81 3.13
Qre car 119.3 §.1 3.81 3.61
Piggyback [lat car 99.8 20.12 8.69 5.18"

Note: 1 Mg=1.1 tonsand 1 m = 3,3 ft.
* Maximum batlasted weight.

®Exceeds standard clearance.

© Estimated height of loaded car.
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sengers, particularly during boarding. Hinged platform
edges are time consuming for a freight-train crew to op-
erate, since they mmust be hinged in short sections to be
lifted manually. Gauntlet tracks have been the most - -
commonly used and are probably the most satisfactory.
solution. o :

Vertical clearance requirements for grade separa-
tions are similar to those for wire height. .The 6.7-m .
{22 -ft) clearance standard should be adhered to if prac- -
tical. An examination of the individual railroad line is
necessary to determine existing clearance restrictions
and thus to determine acceptable vertical clearances.

Ag was pointed out above, a 5.5-m (18-ft) clearance is
often sufficient.

Weights

Table 1 also shows the weights of representative types
of rail freight equipment, which are substantially greater
than the typical weights of both LRT and HRT equipment.
A fully loaded standard LRV weighs approximately 47
Mg (51.5 tons). As a result, track and structures de-
signed for joint operation or for use of & common right-
of-way will need to be capable of accommodating much
higher loads than those found in LRT operation omly.
While it is unlikely that track design standards would
change significantly, structural designs would be af-
fected. : : ‘

To illustrate the differences in carrying capacity re-
quired, the weights that would occupy a 30.5-m (100-ft)
bridge span in varying operational situations are pre-
sented below (1 Mg = 1.1 tons). Ameong cars with a nom-
inal capacity of 63.5 Mg {70 tons} and a gross weight of
99.8 Mg (110 tons), locomotives impose the greatest
loading. Among cars with a nominal eapacity of 90.7 Mg
(100 tons) and a gross weight of 119.3 Mg (131.5 tons),
car weight is greater than locomotive weight, except
where cars with a relatively long wheelbase are used in
conjunction with six-axle locomotives.

Gross Loading

Equipment (Mg}

LRVs in trains 65
Light-rail maintenance-of-way equipment 81
Freight trains

83.5-My cars {four-axle locomotives) 227

90.7-Mg cars 239 to 298
Six-axle locomotives 345 to 381
Ore cars 417

Most railroad facilities should be designed to permit
the operation of 90.7-Mg cars. The operation of six-
axle locomotives should be allowed for on main-line
trackage, but it is not a requirement for industrial lead
tracks. The extremely concentrated loads imposed by
90.7-Mg open hopper cars, ore cars, and other short-
wheelbase cars are present most commonly on lines that
serve steel mills and coal-burning power plants.

Grade Separations and Crossings

Joint operation or use of a common right-of-way will re-
quire substantially different design criteria for grade-
separation structures than those required for LRT use
only, The difference in vehicle weights has already
been described. Approach gradients will be a greater
constraint where the grade level of the rail line has to
be changed to accommodate a grade separation. Gen-
erally, grades of more than 1 percent are undesirable
for main-line freight operation and those of more than
2 percent are undesirable for switching leads. An LRT
line may commonly have long grades of up to 6 percent;
short grades of up to 10 percent are feasible.
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If use of a cormnmon right-of-way is planned, it may
be desirable at some locations to have grade separations
for the LRT line but not for the rail freight trackage.
This solution is attractive if the rail freight track is
used relatively infrequently and the cost of the grade
separation would be substantially increased by including
it. A more elaborate example of this type of design
would have the rail transit route built on an elevated
structure over a non-grade-separated railroad right-
of-way, as was done in portions of the San Francisco
rapid trangit system.

The use of railroad rights-of-way for LRT routes
will often require crossings of remaining railroad track-
age. Indesigning rapid rail systems, it has usually
been thought desirable to have grade separation for all
such crossings. For LRT operation, crossings of rail-
road lines at grade are acceptable in many situations.

The design of signal protection for a crossing depends
on the degree of central control that is reguired on both
the LRT line and the railroad. The most common cross-
ing has no signal control on the raflroad and automatic
block signals without central control on the LRT line.

In this situation, a key-operated time-delay interlock-
ing is sufficient protection. Normally the interlocking
is eleared for the LRT route and is activated manually
by a railroad crewman. A time-delay circuit prevents
the signals from clearing for the railroad line until a
sufficient time has passed atter the LRT signals indi-
cate STOP so that any car that has already passed the
signals will clear the crossing. A short track circuit
is provided on the railroad line to restore the interlock-
jng to its normal state after the railroad train has
cleared the circuit.

A somewhat more sophisticated version of this type
of crossing protection is provided by the automatic in-
terlocking, which is controlled by approach track cir-
cuits on each line. This type of interlocking has the
eircuit logic of the two systems interconnected so that
the crossing is cleared for the vehicle or train that ar-
rives first at the approach section. This type of protec-
tion can be used for branch lines and secondary main

lines where a mandatory stop for railroad movements
over a crossing is undesirable. It is also suited to rail-
road operation in automatic block signal territory.

CONCLUSIONS

Railroad rights-of-way have been used for transit pur-
poses in several cities, e.g., Boston and Edmonton.
HRET lines have been built on railroad rights-of-way in
Boston, Chicago, Cleveland, New York, Philadelphia, -
San Francisco, and Washington. A hybrid system that
has characteristics of both LRT and HRT also exists in
Chicago. : .

The use of railroad rights-of-way for LRT has dii-
fered significantly from their use for HRT because both
rail-highway and LRT-railroad grade crossings are ac-
ceptable, Thus, substantial reductions in construction
costs are possible. Railroad rights-oi-way usually pro-
vide horizontal and vertical alignment characteristics
that exceed the requirements for both LRT and HRT sys-
tems. In using railroad rights-of-way, the less restric-
tive alignment requirements of LRT are an advantage
only in transition sections. y

Joint use of trackage does not present any difficult
design problems, but it does present some operational
problems that are inherent in mixing LRT and railroad
freight service, as well as several institutional prob-
lems. These make joint use unfeasible except where
positive operational separation can be provided without
degrading passenger service. Such situations exist
only for low-volume switching activities.
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The Design of Light-Rail Track

in Pavement

Gerald D. Fox, De Leuw, Cather and Company, San Francisco

Many existing light-rail transit (LRT} networks and parts of some new
ones require the construction of track in pavement. Sometimes this track
is intended for joint use with street traffic or buses; in other places paved
track is used in pedestrian areas or on medians. This paper describes the
types of LRT track used in pavement in North America and Europe and
suggests that the standards now in use in the United States may be in
need of revision. There has been very little construction of LRT track
in pavement in North America in the last 40 years. What little has been
built has followed the traditional standards of the industry, which date
from the earliest streetcar days, and has generally used girder rail, ties,
and ballast set in concrete pavement. By contrast, most European LRT
systems have adopted a basically different type of track for use in pave-
ment. it is built without conventional ties and is mechanically separated
from the street pavement structure. Such track is quieter and may also
be less costly; it appears to warrant serious consideration for new U.S.
instatlations.

There has been very little construetion of light-rail tran-
5it (LRT) track in street pavement in North America in
the last 40 years, What little has been built, for realign-
ment or rerailing, has been constructed to standards
first developed in the earliest days of streetcars; these
standards are straightforward and have stood the test of
time. During the recent bleak peried of transit history,
there was little need for better designs and no resources
available to research them. Now that several existing
LRT systems in North America are engaged in refurbish-
ing their physical plants and new systems are under de-
sign, it is appropriate to pay some attention to the pro-
gress that has been made in the search for a track
design that offers potentially lower costs and environ-
mental benefits in countries in which LRT has been the




beneficiary of continuing development.

NORTH AMERICAN PAVED-TRACK
DESIGN PRACTICE

The most common form of LRT track in pavement used

in North America consists of girder rails spiked directly

to wooden ties that rest on ballast as is done in conven-
tional railroad construction, The track is then paved by
covering it with concrete up to pavement level (Figure
1), TIn some designs, an asphalt concrete surface is
used instead of a full concrete section. Sometimes
girder rails are bolted directly to a conerete hase slab
without the use of wooden ties, Here too, the track is
paved by covering it with concrete up to the railhead.
Occasionally, the rails are set directly into the paving
slab,

The distinguishing characteristic of all of these forms
of track is that the rails are rigidly set in the pavement.
This rigid type of track has long been used successfully
throughout North America and in many other ¢countries.
It has a long life and suffers few problems of settlement
or misalignment, provided that it is built on a firm foun-
dation, However, because the rails are rigidly encased
in the pavement, vibrations are readily transmitted from
the rails to the surrounding street pavement; this ampli-
fies the noise of rolling wheels.

The need for wooden ties in paved track is also far
irom clear, and the practice may be a holdover from
the days when street pavement was intermittent or non-
existent. Ties increase the depth of the track section
and offen decay long before the rails are worn ocut, The
resilience afforded by a tie-and-ballast rail support ap-
pears to be in conflict with the ridigity of rails cast in
concrete, The usual practice of placing ties at the spac-

Figure 1. Construction of rigid track in San Francisco in 1975 (ballast,
ties, concrete pavement)

Figure 2. Construction of resilient track in Heissen in 1975 {ballast
base, btock pavement).
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ing required for railroads ignores the fact that LRT axle
loads are generally less than one third those of conven-
tional railroad axle loads. Finally, changing or resur-
facing the rails requires breaking out and removing the
concrete pavement, as well as disturbing the underlymg
ties,

: EUROPEAN PAVED TRACK DESIGN

PRACTICE

By contrast, many Eurocpean LRT systems have adopted
a form of resilient track for use in pavement; it is dis-
tinguished by the lack of conventional ties and by the me-
chanical insulation of the rails from the pavement by
means of flexible joints beside and beneath the rails (Fig-
ure 2), Resilient track represents a compromise between
the need for rigidity, which is necessary for a stable and
long ~lasting pavement, and the need for track flexibility
to cut down on vibration and noise.

The great variety of resilient track designs used in
Eurcope reflects the experience and preferences of the in-
dividual track engineers, funding priorities, and the con-
tinuing evolution of design theories and construction
techniques. The research for this paper entailed review-
ing more than 50 different track standards, most of them
for resilient track. Although there are so many designs,
there are only two basic types of resilient track, distin-
guished by the method used to support the rails: ballast-
based track and slab-based track, Several permutations
of track base and paving methods are used; the most

Figure 3. Types of resilient track,
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Figure 4. Examples of types of resilient track in use.

‘o

Note; A = full-depth ballast with asphalt overlay (Gothenburg); B = transition from full-depth ballast to slab-based track with block paving (Braunscﬁweig}: C = slab-based track
with block paving (Braunschweig); D = ballast-based, biock-paved track in LRT pedestrian mall {Mannieim); £ = precast slabs on slab base {Vienna); and F = Hannover

track in center lane {Amstardam) .,

common are illustrated diagrammatically in Figure 3
and in photographs in Figure 4, '

Ballast-Based Track

The ballast-based track group offers the least costly ap-
proach to paved -track construction. At one time many
systems even dispensed with the ballast; the rails were
laid directly on the street-pavement base material.
However, the higher axle loads of light-rail vehicles
(LRVs) and tighter pavement specifications necessary
for modern traffic have led to the general adoption of
better quality material. The three most common ways
in which ballast-based track is constructed are de-
scribed below,

1. Full-depth ballast: In this design, the track bal-
last comes up to the railhead. This is necessary to
keep the track in alignment and to prevent the rails
from shifting laterally under thermal or dynamic
stresses. Since this type of frack is not actually paved,
it can only be used on sections of trackway, such as on
street medians or midblock in pedestrian sireets where
a paved finish is not required. Several line extensions
constructed in Braunschweig in recent years have been
built to this track standard. One variation uses a sand
or gravel base under the rails and fills the track to the
railhead with earth; this permits grass to be grown
around the rails. It should be noted that ballast-
surfaced track tends to accumulate dirt and trash, or
the ballast may get displaced onto adjacent roadways;
it is therefore not suitable for many urban applications.
Where hard rock ballast is used with girder rail, bal-
last in the flangeway may result in damage to LRV
wheels. 1In Gothenburg, full-depth ballast track is used
with graded ballast (macadam} and a thin asphalt over~
lay of 3 to 5 c¢m {1.2 to 2 in) to avoid these problems.
Where the track is grassed, train adhesion will be re-
duced whenever grass cuttings get on the rails, and the
design should therefore recognize potentially reduced
performance. On systems that use multiaxle cars, the
lead trucks perform a rail-cleaning function, and per-
formance may be expected to deteriorate less,

2. Block paving: The space between the ballast base
and the pavement is paved with blocks made of precast
concrete, indusirial slag, or stone. Web fillers of cast-
in-place concrete or clay tile are used to fill the web
cavities (between the base and head of the rail), and the
joints between the blocks and between the rails and the
blocks are sealed with mastic asphalt. This is the most
widely used form of paved track in Europe; it is dis-
cussed in more detail later.

3. Precast slab pavement: This frack form uses
large precast concrete slabs as paving elements, The
slabs are manuiactured off site and are placed in posi-
tion by cranes, In some designs, an asphalt concrete
overlay is used over the precast concrete slabs to pro-
vide a wearing surface for traffic. Again, web fillers
are used against the rails, and mastic asphalt is used to
seal the joints in the pavement and between the rails and
the paverent. This track form appears to have been in
use experimentally for several years, but it has not been
widely adopted, apparently because it is sensitive to any
settlement and is therefore more suited to track on a
slab base,

Slab-Based Track

Slab-based track uses a concrete slab to support the
rails and can be paved in a variety of ways. To sepa-
rate the rails from the slab supporting them, a masiic
asphalt cushion, usually 3 to 4 em (1.2 to 1.6 in) thick,
is poured beneath the rails after they have been set to
alignment and level, This technique provides for the
accurate alignment of the track without the need to cast
the base slab to close tolerances. Several types of slab-
based track are in use; they are distinguished mainly by
the method used to complete the pavement, as in the fol-
lowing exampies.

1. Paving blocks: Web fillers are placed against the
rails, and the pavement is completed with precast con-
crete, stone, or industrial slag blocks bedded in sdnd
or weak concrete. The joints between the blocks and be-
tween the blocks and the railheads are sealed with mas-
tic asphalt. This form of track is used in special loca-
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Figure 5, Cross section of I
track with ballast base
and block pavement.
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Figure 6. Construction of ballast-based, block-paved track,

T
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Note: A = preparation of base and assembly, wefding, and alignment of track; B = placement of web filters {hollow clay tile} and sand bed for bocks; and G = placement of blocks
and cleaning and sealing of pavement.

tions and is relatively uncommon, since it is both
slightly more cosfly than other methods and may re-
quire some maintenance. =

2, Precast pavernent: In this design, the pavement
is completed with precast concrete slab elements. These
may be bedded on a layer of sand or asphalt, and they
may extend the full depth or be covered with an asphalt
conerete overlay. Several cities have experiemented
with this type of track in recent years, and it appears
to have potential for further development,

3. Concrete pavement: After the web fillers have
been laid, the pavement is completed with a cast-in-
place concrete slab. In some designs, an asphalt con-
crete overlay is used. The space between the rails and
the slab is sealed with mastic asphalt. This track form
is widely used and appears to be a preferred design
where subbase conditions are poor and rubber -tired
traffic is heavy.

SELECTION OF TRACK TYPE

The selection of track type for European LRT systems
appears to reflect primarily the experience and prefer-
ences of the track engineers responsible, The most
prevalent track type uses a ballast base and block pave-
ment (Figure 5). This type is the least costly to con-
struct, can be readily opened up for repair, and is ap-
parently used wherever foundation conditions permit,

It is used both on the major systems that have large
heavy cars, such as Rhein-Ruhr, Frankfurt, and Han-
nover, and on the systems that operate equipment with
lighter axle loads.

The construction of this type of track is straightfor-
ward (Figure 6). A track trench is excavated approxi-
mately 2.6 m (8 £t 6 in) wide and 60 m (2 ft) deep. The
depth required depends on the condition of the street
subbase, Where subbase conditions are good, less bal-
last is required beneath the rails, The ballast base is
placed to within about 20 cm (8 in) of the finished pave-

c

ment level, and on this base the track structure of rails
and tie bars is assembled and welded. The finished
track structure is then lined and leveled, and the space
beneath the rails is parked with rock chips.

The next stage is to place the web fillers (which nor-
mally consist of concrete cast in place) against the rail.
Finally the area between and outside the rails is filled
with coarse sand or rock fines as bedding for the paving
blocks. The paving blocks are especially manufactured
in four basic sizes for track paving. The blocks are |
hand placed, a task that is greatly speeded by the use
of only four standard block sizes, and then compacted
to grade with a mechanical block tamper. The final task
is to seal all joints with mastic asphalt to protect against
water and to provide some flexibility in the pavement,
Figure 7 shows the paving schedule for a typical section
of standard-gauge double track paved by thig method; it
illustrates the regular and simple block-placement se-
quence.

A fairly common alternative form of track is the slab-
based track with a concrete pavement (Figure 8). This
type of track is approximately 20 percent more costly to
construct and is accordingly used only where necessary.
It is used when foundation conditions are not quite satis-
factory or where maintenance is difficult, such as ina
major traffic lane, because (a) it is less likely to settle
and (b) it can better resist {raffic damage. Its method
of construction ealls for the excavation of a track trench
approximately 2.6 m (8.5 ft) wide and 60 cm (24 in) deep,
in the bottom of which the slab base approximately 25 to
30 cm (10 to 12 in) thick is poured. On this base, the
track structure consisting of rails and tie bars is as-
sembled and welded and then aligned by using folding
wedges beneath the rails to achieve accurate adjustment.
Hot asphalt filler is then poured beneath the rails to fill
the space between the underside of the rails and the base
slab, The web fillers, consisting of either cast-in-place
concrete, blocks, or hollow clay tile, are then placed in
position, after which the concrete pavement slab is com-
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pleted to final grade. Finally, the joints between the
pavement slab and the rail web fillers are sealed with
mastic asphalt. In Figure 8, an asphalt concrete over-
lay is used, but the sequence is essentially the same.
"‘This form of track is considered long lasting, but it suf-
fers from the disadvantage of being difficult to repair
when adjustment is needed to the line or level of the
rails since the concrete pavement must be broken out
before any work can be performed on the track. Figure
9 shows a slab-base track under construction, but for
the block-paved variant. '

In recent years, several cities have experimented.
with a slab-based track in which the eagt-in-place con-~
crete pavement is replaced by precast concrete pave-
ment units (Figure 10). These units are factory made;
they are brought to the site and placed in position by
erane, The paving units are bedded either in gravel or
in an accurately leveled asphalt layer. As for the other
track forms, the final stage consists of sealing all the
joints in the track structure with mastic asphalt,

The underlying design concept for each of these three
track types, and indeed for almost all of the types used
in Europe, is the separation of the track rails from the
rest of the pavement structure through the use of some
kind of nonrigid material and the provision of continuous
support to the rails. One of the reasons that blocks are
often preferred is that they tolerate vibration and minor
settlement without damage. If settlement occurs under
a slab pavement, the paveément will crack, and pro-

jecting edges will develop. -

Track Components

The varieties of resilient track discussed in this paper
are assembled from a range of basically standard com-
‘ponents. The rails are normally 18-cm (7-in) girder
rails, which have approximately the same depth as the
standard U.S. 7-in girder rail. However, the Eurcpean
or metric rail has an 18-cm (7-in) base, while the U.S.
rail has a base of 15.25 cm (6 in). Extra rail-base
width helps to distribute the load from the rail to its
supporting material. There are no data on the use of
U.8. rail with all types of resilient track, since all Euro-
pean track is constructed with metric rail and no resil-
ient track has been constructed in the United States,
However, since the cost of rail is based on weight, the
cost of the U.S. or metric sections is virtually idéntical,
and it is probably unimportant to resolve this issue.
-None of the standards reviewed used T-rail in pavement.
T-rail is, of course, widely used in open track for LRT.

Rail welding is widely used in new LRT frack con-
struction. Where track goes from paved to open track
(ties, ballast, and nc pavement), a tapered expansion
joint is sometimes installed.

The tie bars consist of 10 by 80-mm (0.4 by 3.2-in)
bar steel bolted to the rail webs {the larger dimension
is the vertical). . They are spaced at intervals of 1.5 m
(5 ft) in Hannover to 2.02 m (6.6 ft) in the Hague.
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Figure 9, Construction of slab-based -block paved track,
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Mote: A = construction of slab and placement and welding of rails; B = installation of tie bars and lining and leveling of track {note pins that hold track in line and folding
wecdges that support the rails); and C = pouring of mastic asphalt under rails and placing of sand bed for paving blocks.

Figure 10. Cross section of |—.
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The preferred material for paving blocks is slag Indexed
from copper smelters, which has a distinctive black Track Type Cost
color and hlgh frzqtlon qualities, Other materials are Rigid track, with wood ties and concrete pavement 100
often used, including other slags, concrete, and stone . pesilient track
blocks, If the track is part of a landscaped area, such Ballast base and bloek pavement 95
as in a pedestrian mall, patterns of blocks of different Slab base and concrete pavement 114
colors may be used. The use of colored blocks to de- Slab base and block paverment 124
note the LRT clearance lines in such areas is a partic-
ularly practical technique, Noige

For the most part, the types of resilient track used
on tangent sections are also used on curves and for spe-
cial work., On some systems, short-radius curves are
constructed using rigid track, which is encased in con-
erete, but this practice is not very common; it leads to
increased noise levels, as is discussed below.

COMPARISON WITH U.S. PRACTICE

There is little direct comparative data concerning U.S.
and European track standards. This is due in part to
the lack of activity in this field in the United States and
in part to the European tendency to place less emphasis
on studies and data accumulation and to rely more on ex-
perience. Nevertheless, sufficient material is available
to permit certain of the more significant indicators to

be compared.

Cost

Encugh European cost data are available to permit com-
parative costs to be developed for the different types of
resilient track. As part of a recent study (1), compara-
tive cost estimates were developed for track construe-
tion to typical U.S. standards and for resilient track of
the ballast-based, block-paved type. The estimated
costs of various forms of resilient track, referenced

to the cost of U.S, rigid track (ties, ballast, and con-
crete pavement) are shown below. Note that these costs
include base material, ties and rails, and pavement to
60 ¢m (24 in) outside the rails.

A major advantage of resilient track is its potential for
reducing LRT noise. In 1974, a series of tests was car-
ried out in the Hague to compare sections of the rigid and
resilient track used on that system (2). The cars tested
were modern Presidents' Conference Commiitee {(PCC)
cars, one of them equipped with Bochum wheels, which
are commonly used on European LRT systems, and the
other equipped with SAAB wheels, which are similar to
the superresilient wheels used on U.S, PCC cars, The
rigid track tested consisted of girder rail encased in con-
crete with an asphalt concrete overlay. The resilient
track consisted of slab-based track with a cast-in-place-
concrete pavement and an asphalt concrete overlay. This
type of track is widely used in the Netherlands, where it
is calied Hannover track. Ballast-based track consisting
of a sandy track base with earth infill was also tested.

Almost identical tests were performed in San Fran-
cisco in 1971 (3) on rigid track only. These tests also
used PCC cars, one with Bochum wheels and the other
with superresilient PCC wheels. Figure 11 illustrates
the data from these two tests; the tests were run at 40
km/h (25 mph), and the noise levels were measured 7.5
m (25 ft) from the track centerline, In both the Dutch
and San Francisco tests, the Bochum wheel was found to
be slightly noisier than the PCC wheel, except when the
tests were performed on curves, where the Bochum
wheel proved to be considerably quieter.

In 1973, noise tests were performed on the tracks of
the Helsinki LRT system (4), These tests used a variety

of vehicles, ranging from modern articulated cars o two-
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Figure 11, Comparison of LRV noise level according to
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axle cars that were more than 50 years old, on both
rigid and resilient track., At the test speed of 40 km/h
(25 mph), it was found that the sections of resilient
track were approximately 5 dB(A) quieter than sections
of rigid track, which seems generally consistent with
the findings of the more detailed Dutch tests.

Maintenance

The maintenance of both the track and pavement within
60 cm (24 in) of the rails is generally the responsibility
.of the transit agency. The life span and maintenance
costs for both track and pavement are thus relevant fac~
tors. While rail life in excess of 40 years may be achieved,
at certain locations (such as passenger stops and curves)
rails wear out considerably faster., A significant advan-
tage of track paved with blocks or precast slabs is that
the paving material can be removed without the use of

an air compressor {and hence less noise); the paving ma-
terials can also be reused. Where ballast-based track
is used, thetrackis ready for instant use when it is com-
pleted, and it requires no time for concrete to set,

Even if the full rail life of 40 years is achieved, the
settlement of the street subbase may require attention
to the pavement before the rails are worn out. In such
instances, the track and pavement can be readily opened
up and repaired without disrupting service, and the pav-
ing materials can be reused, By contrast, if wooden ties
are used, any significant disturbance of the track often
results in the need to replace wooden ties.

Urban Design Treatments

Future applications of LRT are likely to place increas-
ing emphasis on such features as LRT pedesfrian malls,
which are now widely used in Europe. Resilient track
is environmentally well suited to such applications and
also offers the opportunity to develop designs that are
visually appropriate to such situations. For instance,
the paving of the track zone with rounded cobbles in a
flush-paved pedestrian zone provides an excellent and
unobirusive reminder to pedestrians not to wander onto

~ the tracks outside the designated crosswalk a.reas.'

CONCLUSIONS

There is a basic difference between paved-track con-
struction practice in North America and in Europe. A
variety of track standards are used in Europe. The manu-
factured components (rails, tie bars, and so on) are gen-
erally standardized, but the experience and preferences
of the track engineer appear to play a significant role in
selecting track design standards.

Consideration should be given to testing some of the
more relevant Furopean designs in the United States to
determine whether they have any advantages over our pres-
ent practice and are suitable for U8, conditions. Because
of the lead time required, such tests should be initiated
without deldy in order that the conclusions may be applied
before major investment decisions in this field are made.
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Application of Light-Rail Transit Vehicles

A. Ross Gray, Urban Transportation Development Corporation, Toronto

Flexihility is the primary concept associated with light-rail transit {LRT).
This flexibility includes its application, implementation, operation, and
capacity and has clear implications for light-rail vehicle (LRV) design,
since the capabilities of a vehicle selected for a specific system must meet
the requirements of that system. The thesis of this paper is that all such
ERT requirements can be met by a family of vehicle designs based on
standardized subsystem componentry. System requirements are dealt with
iin four categories—capacity, geometry, performance, and impact; the ve-
hicle components include the car-body, propulsion, suspension, and com-
mand and control subsystems, The alternatives and options within each
category are identified, and the matching process is examined. Particular
attention is devoted to car-body alternatives; it is shown that the use of
single-ended LRVs is desirable whensver system characteristics permit
and that articulation is properly used to solve clearance rather than ca-
pacity problems. The Toronto Transit Commission’s ordering of new
LRVs is used to illustrate the process of selecting vehicle attributes that .
meet the system requirements and the process of meving from a defini-

tion of desirable vehicle characteristics through development and testing .

to car delivery. The ability to derive several vehicle designs from the
basic design is discussed in the context of ongoing development activities
in order to prove the feasibility of the family-of-vehicles idea.

Numerous definitions of light-rail transit (LRT) have
been advanced in recent years to describe the electri-
cally powered, medium-capacity, steel-wheel-on-steel-
rail fransit mode that is in the midst of a renaissance
in North America. At the TRB conference on LRT held
in Philadelphia in 1975, LRT was defined as "an urban
electric railway having a largely segregated but not
necessarily grade~separated right-of-way. .. that pro-
vides a medium-~speed service for a medium volume of
passengers" {1) and as "[encompassing] a wide range
of electrically propelled, steel-wheel vehicles" (2). In
these and most other descriptions, the key concept is
the mode's inherent flexibility with respect to

1. Application—a wide variety of appropriate rights-
of-way in urban environments;

2. Implementation—staged upgrading of a minimum
system in conjunction with the development of passenger
demand;

3. Operation—a range of services, passenger handl-
ing techniques, and operating policies; and

4. Capacity—ability to handle passenger volumes
ranging from a few thousand to approximately 20 000
passengers/h/direction,

This flexibility also has implications for system
costs, since it enables LRT planners to choose from a
range of design standards and a variety of techniques
for coping with right-of-way and operations problems
and thereby to match their system costs to the economic
objectives of the transit facility. This discussion is con-
cerned with the implications of this flexibility for LRT
equipment and infrastructure, in particular for light-
rail vehicltes (LRVs),

The thesis of this paper is that the flexibility that is
inherent in the LRV concept demands a degree of vehi-
cle flexibility that can best be provided through a family
of complementary designs offering a range of capacity
and performance but commonality in major components,
Producing such a family of vehicle designs depends on
major componentry—propulsion, suspension, car body,
command and control—that can be efficiently integrated
to form the specific vehicles reguired to meet differing
operating requirements, This thesis is in many re-
spects an exlension of the appreach to vehicle design

embodied in the Presidents® Conference Committee (PCC) -
car. Thousands of streetears, including many in Europe
were produced by using the same basic PCC body design
with modifications, such as increased width and double
ending, to suit individual operator’s needs. In this paper,
commonality is ex{ended beyond vehicle body design to
include the major subsystems. ]
For LRT to be most effective, the specific compo-
nentry combination and the resulting vehicle character-
istics selected for any application must correspond
closely to the characteristics of the LRT right-of-way:
stations, geometrics, desired type and level of service,
and planned operation. To the extent that operators are
able to define similar requirements for transit applica-
tions, vehicle standardization is possible, However, if
operational circumstances vary, as has occurred in the
past and will apparently continue in the future, then a
family of vehicles will be required to provide the neces-
sary service, An examination of the nature of operating
requirements typically prescribed for LRT systems is
instructive in defining the requirernents for rolling stock.

¥

OPERATING REQUIREMENTS

A set of operating requirements or desired characteris-
tics must be established to describe the various circum-~
stances in which LRT systems might operate. The fac-
tors that affect the basic LRV design and componentry
may be divided into four areas: capacity, geometry,
performance, and impact,

The importance of the capacity requirement is clear,
Typically, LRT facilities, particularly those with a large
percentage of separated right-of-way, are installed to
assist the development of economic corriders that have
a forecast passenger demand of 5000 to 20 000 passep-
gers/h/direction, Traffic volumes helow 5000 passen-
gers/h/direction are usuaily mo icaily served
in the Ioig run by mixed ~tFatfic Conversely,
‘concentrated loadings above 207000 passengers,/h/direc-
tion that cannot be distributed over two or more transit
facilities are sufficiently great to require and justify
full-scale heavy-rail transit (HRT) systems. A major
difference between LRT and HRT may be found in the
issue of flexibility; HRT can be thought of as an ultimate
development of LRT—a very high-capacity rail system
employing large-capacity vehicles, prepaid passenger
and high-platform station design, fully exclusive rights-
of-way, and high performance standards. By definition,
rail systems designed to serve 5000 to 20 000 passen-
gers/h/direction fall within the LRT range. The breadth
of this service range is indicative of the flexibility of the
concept and technology. The capacity requirements of
individual applications affect the selection of car-body
size and configuration and the command and control ve-
hicle equipment options.

Bystem geometry requirements include the right-of-
way characteristics that distinguish each application—
the available right-of-way width, the length and severity
of grades, the minimum radii of curves on the line and
in yard and storage areas, the permissible overhang
and clearances, the design of terminal and turnback
areas, and the degree of right-of-way separation and
brotection from other traffic and pedestrians. These
influence car-body, command and control, and propul-
sion componentry.

The performance requirements of interest are the
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Figure 1. Relationship of linear LRV capacity to body articulation.
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rates of acceleration and deceleration, cruise speed, .
limitations on ride comfort, and the ability of the vehicle
to maintain prescribed levels of service under a variety
of conditions. These performance requirements define
the capabilities demanded of the vehicle's suspension,
propulsion, and command and control systems.

Environmental and community impaets arve important
elements of transit system design, particularly at a
time when ecitizen involvement in the planning process
is common. Control of noise, vibration, visual impact,
community disruption, and intrusion are facets of this
problem. Requirements asgociated with alleviation of
impacts can affect all four categories of vehicle compo~
nentry.

VEHICLE COMPONENTS

Selection of vehicle configuration, performance stan-
dards, and component subsystems depends on the oper-
ating requirements of the system in which the vehicle
will be uged. In addition, the selection process must
ihclude consgideration of the cost associated with each
potential design. Cost trade-offs occur both in the
areas of capital and operating costs and in the deter-
mination of overall life-cycle cost. In most circum-
stances, costs accurately reflect the suitability of the
match between system requirements and vehicle char-
acteristics; they are thus excellent arbiters of vehicle
design., With this type of selection process in mind, it
is instructive to examine the design options within each
component group. ‘This will illustrate the process of
matching vehicle attributes to system requirements.

Car-Body Configuration

The selection of a car body includes decisions about
dimensions, frame configuration, directionality, and
passenger access and egress. In general, the vehicle
dimensions in both length and width will be as large as
possible in order to increase the productivity of equip-
ment and labor. Upper limits on vehicle width depend
on the available clearances in tunnels and other con-
stricted zones and the distances required between ve-
hicles on curves and in normal roadway traffic lanes.
With respect to minimum width, the North American
habit has been to strive for a vehicle width that will
permit 2 + 2 transverse seating with an appropriate
aisle space, This leads to minimum exterior car-body
widths of slightly more than 2.5 m. By comparison,
many Eurcpean LRVs have been designed for 2 + 1

transverse seating with a side-aisle for circulation and |
standees; this leads to a vehicle width 0f2.1t0 2.3 m.
Maximum car-body length is determined by clearances
on curves and by vehicle structure limitations. Truck
centers on the order of 7.5 to 12.0 m, corresponding to
rigid body lengths of 15 to 20 m, have proved fo be ac-
ceptable for the clearances found in most applications.

If greater vehicle capacity is desired for a given sys-
tem than that available in the longest permissible single-
unit rigid car, then a third truck and articulation joint
can be added to effectively reduce the spacing of truck
centers., Articulation arose in Europe, where the nar-
row streets and tight corners precluded the use of long,
wide, rigid cars. In most instances, the additional ca-
pacity (primarily standee space) offered by articulated
body designs is only marginally greater than that of the
longest rigid car designs; the complexity of articulation
therefore need only be added to overcome clearance
constraints rather than to increase capacity. This char-
acteristic is illustrated in Figure 1, which plots LRV
passenger capacify per unit of car length. The graph,
based on 29 Eurcpean and North American LRV designs
(3), indicates that linear capacity does not depend on the
addition of body articulations.

Car directionality is determined by the availability
of right-of-way for construction of turnback facilities.

In most LRT applications, it is desirable to use single-
ended vehicles, since the loss of capacity associated
with double-ended cars is substantial. There is typically
a 10 to 20 percent increase in fleet capital cost for equal
capacity operations, Double-ended vehicles are econom-
ical only for applications in which the amortized cost of
loops at all regular service and emergency turnback
poinis exceeds the annualized equivalent of the substan-
tial capital and operating costs for the vehicles, The
table below presents the results of a comparison of

costs for an LRT operation designed to provide service
for 10 000 passengers/h/direction over a 16-km re-
served right-of-way line.

Single-Ended Double-Ended

Item LRVs LRVs
Wehicle capacity 157 150

Fleet size 88 93

Annual vehicle kilometers 8 190 000 9 720 000
Annual vehicie hours 250 000 300 000
Annual fleet operating cost, $ 4 Q90 000 4 690 000
Annualized fleet capital cost, $ 6 520 000 7 150 000
Total annual cost, $ 10 610 000 11 840 000

“




The annual difference in costs associated with the

purchase and operation of single-ended and double-ended"

versions of the same articulated LRV under identical op-
erating rules, including schedule speed of 32 km/h and
station fare collection, in this example is $1 230 000,
The capital cost equivalent of this sum (at 8 percent/
year over 20 years) is $13 000 000. This is the value

of the capital expenditure that could be devoted to loops
for a single-ended LRT facility, over and above the value
of turnbacks and crossovers, at no additional total ex-
pense over that for a double-ended system. Each LRT
Tacility will have a substantial cost penalty of this type
agsociated with double-ended cars; in many cases loops
will offer an attractive financial alternative.

The car-body cptions for passenger access relate to
doorway design, height of stepwells, and fare-collection
procedures. The selection of alternatives here must
take into account the station infrastructure (platform
heights throughout the system and the fare-collection
procedures) and the passenger volumes expected. To re-
duce dwell times, it is always desirable to use honor-
system, self-service, or station fare collection in con-
junction with high-level platform loading. However, this
is not always practical for on-street operations, and the
reduetion in dwell times (and thus operating cost) then
can be realized from reducing the service time per pas-
senger is so small that the capital cost of such options
can usually only be justified for systems that have pas-
senger volumes at the upper end of the LRT range. Pro-
vision of mixed-height platforms to meet special eircum-
stances, e.g,, high-low loading, will add to vehicle and
station costs and will undoubtedly create operational
and maintenance complexity.

Propulsion

The primary propulsion componentry choices that are
sensitive to system operating requirements relate to the
motor and control package, braking techniques, and
power collection. The direct-current rotary electric
motor with mechanically driven wheels has been the
standard propulsion system in the LRT industry. Re-
cently, alternative motor control hardware that pro-
vides a choice among mechanical, partially electronic,
or totally electronic technology has become widely avail-
able, The primary differences among these systems are
found in the potent1a1 energy savings possible with the
totally e
power draw during acceleratmn and the ability to return
power to a receptive line during deceleration, energy
savings as large as 30 percent (in comparison with PCC
technology) may he realized. The opportunities for sav-
ings of this magnitude occur where there is a dense net-
work, freguent service, and downtown street operations
equipped with appropriate power distribution facilities,
such as in Toronto. Smaller savings would be achieved
on isolated individual LRT lines, especially during off-
peak hours.

Braking requirements are much more sensitive to
system performance requirements than is the propul-
sion package. Electrodynamic motor braking, friction
shoe and disc braking, and magnetic track brakes are
among the alternatives., In general, brake reliabilily
and power must increase with increasing vehicle fre-
quency., This relationship arises from the need for
greater braking confidence when operating at close ve-
hicle spacings and is manifested in the increased use
of backup systems. Furthermore, braking power re-
gquirements increase as the degree of right-of-way pro-
tection decreases, particularly if such decreases re-
sult in mixed~traffic operation, These requirements
typically lead to the provision of simple, reliable
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emergency service brakes.

The power collection technique is dlrectly related to
the right-of-way characteristics. Third-rail power col-
lection eliminates the need for trolley-wire support
structures and reduces the visual impact, but it is usu-
ally only feasiblé when the entire system right-of-way
is fully exclusive and protected. Otherwise, overhead
collection by trolley or pantograph must be employed.
Generally, pantographs have superior tracking and cur-
rent characteristics and are suitable for most new sys-
tems. The overheads of existing systems may be de-
signed around the trolley shoe and may therefore have
to retain this equipment.

Suspension

Suspension options relate primarily to truck design and,
while most suspension design decisions are based on
ride comfort, stability, maintenance, and propulsion in-
tegration factors, measures are available to minimize
interior and exterior noise and vibration. In response
to increasing concerns about environmental noise, ur-
ban rail vehicles are now being fitted with wheels, axles,
and trucks that are designed to reduce noise and emis-
sions. In particularly restrictive situations, further
improvements are necessary in the suspension design
and in its interface with the guideway. These improve-
ments include superior wheel and rail standards and,
potentially, the use of steerable trucks to reduce weaxr
and squeal in curves. The choice of hardware for spe-
cific applications is clearly dependent on the acceptable
impact level in the environment in which the vehicles
are to be used.

Command and Control

Vehicle or train control alternatives range between fully
manual and fully automatic vehicle operation and protec-
tion. I the right-of-way is not protected from pedes-
trians and vehicular traffic, then a manual control capa-
bility must be provided. If sight lines are poor or head-
ways are sufficiently short to raise safety concerns, then
automatic train protection may be needed. I headways
are shorter than human operators can deal with, then
automatic train operation may also be necessary. Con-
versely, if the required capacity is low so that headways
may be relatively long, there is generally no need for
more than strictly manual command and control. A com-
mand and control choice that appears {o be finding in-
creasing use in unprotected rights-of-way designed for
operations at moderate headways is the use of cab-signal
command displays with manual vehicle control, comple-
mented by automatic train protection vested in the sys-
tem. For most LRT facilities, command and control
and safety requirements are fixed by the nature of the
application and are not subject to cost trade -offs,

Summary

The major elements of LRT system requirements and
vehicle characteristics are shown in Figure 2, Several
of the important interactions are indicated on this chart;
many more occur at the more detailed levels of vehicle
design and selection.

The above overview is representative of the range of
LRT options within which LRV designs must be formu-
lated. One effective technique for achieving a range of
vehicle designs responsive to varying requirements is
to develop a family of designs based on common compo-
nentry, The process required to implement this tech-
nique, moving from the definition of system require-
ments to hardware development and testing, illustrates
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Figure 2. Interactions between system requirements and vehicle characteristics.
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the matching of requirements and equipment. The pro-
cess entajls several sequential steps:

1, Define system characteristics and resulting ve-
hicle requirements;

2. Formalize design criteria and specifications;

3. Evalvate and procure subsystem componeniry
consistent with the specifications;

4. TFinalize the design and produce and test proto-
types; and

5. Manufacture, test, and deliver production vehicles.

Each of these steps must be pursued for each vehicle
design, but obvious economies can be realized through
component commonality and design flexibility. Separa-
tion of the steps permits selection and application of
skills and resources in the most effective and efficient
manner,

TORONTO'S NEW LRV

In November 1972, the Toronto Transit Commission
(TTC) decided to retain, and possibly expand, its street-
car and LRT operation. This decision created a re-
quirement for a new fleet of LRVs to provide the base
service on TTC's gystem through the 1980s and 1990s.
System characteristics that affect vehicle design were
well defined by the features of the existing Toronto op-
eration. Thus the baseline clearances, geometrics,
passenger capacities, performance capabilities, com-~
fort levels, maintenance standards, and noise require-
ments were determined for the new fleet. In addition,
it was considered desirable to improve on the perfor-
mance of the existing PCC cars wherever possible,
particularly in the key areas of energy use, passenger
amenities, and maintenance and reliability standards,
as well as to build into the fleet sufficient performance
flexibility to be able to operate over any new territory
and to new service standards that might arise as a re~
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sult of system expansion into the metropolitan Toronto
suburbs. These concerns resulted in a clearly defined
set of requirements for a fleet of new LRVs.

Formalization of the vehicle requirements into a
technical performance specification was a key element
of the process. It was essential that the specifications
be an effective marriage between the requirements of
the system and the operator and the capabilities of
proven state-of-the~art transit technology. In a year-
long undertaking similar in many ways to the Urban Mass
Transportation Administration's LRV design process of
the early 19708, design criteria were established to re-
flect the evolution of expectations and technologies that
has occurred since production of the PCC cars. On the
basis of these criteria and in close cooperation with the
TTC, initial vehicle and component specifications were
developed and reviewed. _

When the required vehicle capabilities and perfor-
mance levels were well defined, component manufac-
turers were asked to indicafe their ability to supply the
necessary vehicle equipment., This was done before the
detailed design was established, in order that the widest
selection and greatest flexibility of componentry would
be possible. This equipment flexibility is essential to
the concept of a family of vehicles. Equipment that
meets the Toronto fleet requirements has been selected
and will be furnished as free issue to the car builders.

The process of converting general specifications and
subcomponent characteristics into the specific details
of vehicle design with all its interfaces was identified
as a separate task from the actual production of the ve-
hicle, An experienced European LRV designer was se-
lected in competitive bidding to assist in design, detailed
specification, and proving of prototypes. The design has
now been finalized, and the first vehicles are in the test-
ing stage. Six prototypes are scheduled t¢ have com~
pleted European testing and to be delivered to Toronto
in late 1977 and early 1978, These six prototypes are
the forerunners of 190 cars to be produced by a Canadian

|
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car builder. The car builder's responsibility will be to
fabricate the body and trucks and to integrate the sub-
system componeniry by using production tooling designs
developed for the prototypes wherever possible. Pro-
duction and delivery of the 190 cars will be effected
from 1978 to 1980.
The LRV that is emerging from this process is 15.4
m long and 2,6 m wide over the rub rails. The interior
layout selected by TTC provides 47 seats, with standee
space sufficient for 43 to 78 additional passengers, de=
pending on comfort level. The maximum number of
seats that can be provided is 58. It is a rigid, four--
axle single-ended car geared in the TTC configuration
for a maximum speed of 80 km/h. In private right-of-
way operation, the propulsion system is capable of
higher speeds, Acceleration levels allow the car to
réach 80 km/h in 30 s, while deceleration is 1.5 m/s®
in service and fwice that in the emergency mode. In
order to conserve energy and reduce the vehicle's life-
cycle cost, the car is equipped with an electronic chop-
per motor control and a regenerative braking system, .
Regenerative and rheostatic electrodynamic braking is
supplemented by a friction disc system that is capable
of handling all braking reguirements on a continuing
basis. The propulsion and brake systems have plug-in
diagnostic features to aid preventive and line mainte-
nance. :
Passenger comfort is enhanced by an outboard frame
truck that has steel and rubber primary suspension and
load weighing. A forced-air ventilation system provides
interior comfort with or without a full air-conditioning
package. Interior noise reduction is accomplished by
the use of extensive acoustical insulation throughout the
car, and both interior and exterior noise are controlled
through the use of resilient wheels.

The vehicle represents an improvement in light-rail
safety standards. Specific safety features to benefit
both the driver and the passengers include system indi-
cator displays, a raised control platform, provision for
cab signaling, a bottom step 25 em high, emergency es-
cape windows, and obstruction-sensing doors,

FAMILY OF LRVS

An awareness of possible future LRV needs has resulted

in the inherent flexibility and potentizl for growth that
were built into the design. The additional propulsion
capability, for example, can be used to increase either
the maximum service speed or the vehicle weight and
payload, The greatest flexibility is that afforded by
modular design and fabrication of the car shell. Because
the entire body structure is formed by joining a set of
door, end, and body shell modules, the vehicle can be
lengthened, widened, or otherwise reconfigured very
easily. This flexibility permitted the design and con-
struction of two six-axle articulated cars based on the
shells, trucks, motors, and other components of the
basic Toronto car,

These articulated prototypes will be 23,5 m long and
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single ended, and they will carry, in an interior layout: . ‘
similar to that of the TTC car, 63 seated passengers " -

and 78to 141 standees. They will be delivered to the

Transit Test and Development Centre near Kingston for

- testing and analysis in the third quarter of 1978.. The"

design capability being demonstrated in this prototyping
program is the ability to provide vehicles, based on the
same set of components, that are suited to different op-
erating requirements. These particular prototypes rep-
resent vehicles that would find application on LRT sys-
tems that are required to carry substantial passenger -
voluines but are subject to restrictive horizontal clear-
ances (e.g., older systems originally designed for short
cars or new facilities constrained by existing urban in-
frastructure), - _ S
For LRT systems in which relatively large volumes -

- of passengers must be carried but clearance is not a

problem, a long rigid car presents the most economical
alternative. Based again on the car-body modularity
and the propulsion capabilities ‘of the 164-MW monomotor
truck, it is possible to stretch the vehicle length to ap-
proximately 20 m. This obviously enhances capacity and
productivity in a high-density application, Apart from
different under-floor equipment layouts and minor -
changes associated with the details of specific operator
and operating requirements, there are few hardware dif-
ferences among the vehicles developed in this family
concept. They can all make use of the same shell com-
ponents and fruck, suspension, propulsion, door, and
ventilation subsystem componentry. In different config-
urations these components yield a variety of designs,
each suited for a different specific subset of LRT oper-
ating conditions, While it is not realistic to expect op-
erators to abandon the operational and maintenance.ad-
vantages of a single-vehicle fleet in favor of fleets of
different vehicles corresponding to each different route
circumstance, it is possible with a family of designs to
provide alternatives from which the operators can select
the one or two vehicles best suited to their needs.

It is the ability to design and deliver a variety of ve-
hicles such as these, based on the same components and
each responsive to a specific need, that leads to the con-
clusion that a family of complementary LRV designs is
feasible and provides the flexihility necessary to meet
the varied requirements of LRT without incurring dis-
economies of small production scale. The family-of-
vehicles design approach can provide a high standard of
vehicle types for a variety of LRT applications.
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Power Supply for nght Rall and Rapld

Transit Systems in Germany

Gerhard Wolff, Siemens A.G.,
William B, Wa1te Siemens Electrlc Ltd Montreal |

The purpose of this paper is to define the present state of the art in_the .
design of the power supply for light-rail and rapid transit systems in "
Germany. The scope includes the incoming alternating-current switch-
gear, rectifier direct-current switchgear, catenary, and third-rail systems,
as well as the breaker on the light-rail vehicle. Attention is paid to the
problems of coordinating the various components of standard design and
of dealing with corrosion due to the leakage of current from the power
supply. Experiences with various catenary designs and their intercon-
nections in Germany are also described. This paper is limited to experi-
ence in Germany, and the underlying design criteria are based on Ger-
man electrical regutations. Since the implementation and reliability of
power supply for light-rail and rapid transit systems in Germany are con-
sidered to be highly successful, the data, views, and experience presented
in this paper should be of interest in North America.

The long years of development in light-rail transit
(LRT) and rapid transit systems have led to definite
and proven system parameters., This paper covers
the latest power-supply system concepts in Germany.

LRT systems generally use 600-V or 750-V direct
current, although in the development of more modern,
attractive, and powerful systems, there is a trend to-
ward using 750-V direct current. The allowable volt-
age tolerances according to the German regulations for
electrical transportation (VDE 0115) are 70 to 120 per~
cent of the rated voltage. In order to allow as higha
voltage drop on the catenary system as possible (to per-
mit the maximum distance between rectifier stations),
the full-load terminal voltage rating of the rectifier
should be 10 percent higher than the rated voltage of
the vehicle.

The transformation of the three-phase high voltages
of the utility network is carried out by rectifier substa-
tions equipped with specially designed modern silicon
rectifiers. These are strategically located along the
LRT line; the intervals are based on energy distribution
criteria and economic calculations. The electrical con-
nection between the rectifier substations and the light-
rail vehicle (LRV)} is made through a catenary system.

SHORT-CIRCUIT PROTECTION

Short-circuit protection of each section of the line is
provided by properly dimensioned direct-current high-
speed breakers located in each of the rectifier substa-
tions.

Catenary Systems Energized From
One End Only

If such technical parameters as the power demand,
speed limits, and substation intervals permit, single
overhead wires are used, even in today's densely popu-
lated areas, These wires have, in most cases, a maxi-
mum cross section of 120 mm? in order to keep the ar-
chitectural environmental pollution to a minimum, The
actual resistance of the overhead wire is usually re~
duced through parallel connections for both directions
of travel on double track. Interconnections at regular
intervals along the line serve to provide equal current
distribution in both overhead wires. Both of these over-
head wires can then be switched and protected by only

one direct-current high-speed breaker. - The simplicity’
of this electrical constellation is, however, coupled with
the disadvantage that the two directions are intercon-
nected, which necessitates their total isolation in cases
of short circuits or other interference. If a sufficient -
cross-sectional area per direction can be provided by
an additional wire, as in a compound catenary, or if the:
third rail, which has a relatively large cross-sectional
area can be used, both directions can be electrically
Separated, so that in cases of disturbance, suchas a
short circuit, only one direction is affected

Short- cn'cuzt protection is relatively simple to accom- i

plish on catenary systems that are energized from one
end only. If a voltage drop of 70 percent of the rated
voliage occurs under the rated LRV load at the most dis-
tant point on the line from the rectifier substation (where
the terminal veoltage is set at 1.1 times the rated voltage),
then the short-circuit current at the end of the line would
be 2.75 times the normal operating current. Even if this
factor is not reached beecause of the characteristic im- -
pedance of the power supply, a trip-current setting on
the breaker can be set to irip at a current approximately
20 percent higher than the maximum operating current,
which would still lie well below the lowest short-c1rcu1t
current,

Catenary Systems Energized From
Both Ends

To improve the voltage stability along the line, espe-
cially when high traction power is required, double-ended
energization may be installed. In this case, the line cat-
enary between two rectifier substations is simultaneously
energized from both substations, which are connected by
one high-speed hreaker al each station. If, for example,
the cross-sectional area of the catenary wire and the
substation intervals are the same as those for a catenary
system that has single-end feed, double-ended energiza-~
tion both reduces the voltage drop along the line and di-
minishes the catenary power losses. Furthermore, it
permits equalized loading of the rectifier substation.

The optimum design length for double-fed catenary
is not determined by the maximum voltage drop that can
be tolerated for an LRV's current load but rather by the
short-circuit protection that is needed, as is shown in
Figure 1. A symmetrical catenary with homogeneous
line resistance between two stabilized rectifier substa-
tions that feed at a voltage 10 percent higher than the
rated vehicle voltage is shown in a schematic diagram.
The curve Is represents the short-circuit current fed
from the left rectifier substation and limited by the line
resistance. The trip setting of the direct-current high-
speed breaker 81 is set so that the level of the short-
cirenit current at the right end of the line is more than
20 percent over the set value; this will provide sufficient
protection. If this maximum load is allowed by the
breaker trip setting to move along the catenary, the par-
tial current supplied through breaker S1 is represented
by the line Is,. The voltage drop due to this current load
is depicted by the curve U. The lowest level in the mid-
dle of the line is 87 percent of the rated voltage. The
limit of 70 percent of the rated voltage, allowable under

}



normal operation, has not been encroached on. A simi-
lar load relationship exists for the r1ght rectifier sub-
station, . .

Tie -Breaker Application

By applying a direct-current high-speed breaker asa
tie breaker in the middle of the catenary system, a
tighter layout with respect to short-circuit protection -
and stable voltage conditions can be achieved. Again,
assuming a symmetrically designed network, a-homoge -
neous line resistance, and a stabilized substation voltage
of 110 percent of the LRV-rated voltage, the curves
shown in Figure 2 would apply. - With full use of the al-
lowable voltage tolerances and double-ended catenary
energization, the maximum allowable operating current
{Imax) can be extracted at the midpoint. This current can
be assumed to be a wandering load along the length of .
the complete catenary. The resulting partial current
flowing through breaker S1 and the voltage drop caused
- by the load are represented by the straight line T, and-
the curve U. The overcurrent trip of the breaker S1 is
set at the maximum permissible current (I...) and the
overcurrent trip of the tie breaker 52 is set at one-half
this value. The curve I, shows the short-circuit current
flowing through the breaker S1; its location depends on
the location of the short circuit. A comparison of the
trip settings and the short-cireuit current, which is sit-
udted at the critical short-circuit distances (catenary
middile for 31 and catenary end for 52), shows that the

Figure 1. Short-circuit protection and voltage regulation in
section that has power supplied from both ends.
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{inal value of the short circuit still exceeds the tripping
value by 37.5 percent. Short-circuit protection is there-
fore fully guaranteed even with allowanees for the recti-
fier characteristics, the tolerances, and slight asym-
metry. The same CODdIt].OnS apply for the mgh speed
breaker. of the right substation, .

Cross-Tie Positions

If the catenaries are separated with respect to d1reet10n )
and are fed from hoth ends, then ties for both cross con-.
nection and longitudinal connectmn can be located in the

middle of the catenary system, Such complicated ties are - -

usually made up of four direct-current high-speed break-
ers and one disconnect switch. Practical experience has
shown, however, that there are more advantages to a
s1mp1e network COHStellELthn that has good overview and
reduced distances between substations rather than eross

ties. The conditions shown in Figure 1 then prevail and - -

result in lower transmission losses, better voltage sta-
bility, and reduced danger of leakage current than for .-
tightly interconnected networks, A reduction in voltage
drop for LRV operation can be accomplished by the use
of chopper control with regenerative braking.

REDUCTION OF CORROSION DUE TO
LEAKAGE CURRENT

The traction current of the LRV causes a voltage drop
not onitly in the overhead wires buf also in the rails being
used as conductors for the return current, Although the-
relative voltage drops in the rails are considerably lower
because of the cross-sectional area available, leakage
currents and the danger of resultant corrosion neverthe-
less exist. Because of the negative direct-current polar-
ity to the rails, leakage currents stray into the surround-
ing earth, bur1ed metal pipes, and metal construction re-
inforcements, and they then return to the rails or the
connecting conductors in the area of the rectifier substa-
tion. After years of operation, destructive corrosion
may occur at the points of current discharge; the amount
depends on the current's density and duration. Decades
of effort on the part of authorities operating direct-
current traction systems and corrosion-endangered util-
ity systems and support from various research institutes
and commissions led to the issuance in August 1975 of
DIN regulation 57150 and VDE 0150. These regulations
apply to all operations of direct-current systems that
allow leakage or stray currents. In addition to this, the
new regulation VDE 0115a on the reduction of danger
caused by return currents in direct-current rail traction
systems summarizes the protective requirements and
regulations specified for rail systems. All technically
and economically feasible protective steps and upper
measurement values are listed; these are recognized as
the maximum justifiable precautions that should be used
to combat corrosion danger. Plamning teams for new
rail systems are required to carry out a preliminary
calculation of the leakage current conditions., Guidelines
for these calculations are published and are available for
the planning engineers.

After completion of construction and commissioning,
the potential differences that appeared to be critical in
the calculations must he measured, If the actual values
deviate too widely from the calculated values, the cause
of deviation must be ascertained. The combination of
preliminary calculations and actual measurement will re-
veal that, for example, if high discharge currents in the
track network occur because the resistance of the track
ballast is too low, only small differences in the potential
will be measured. The regulations list 20 points, pro-
posing a wide variety of corrective procedures and lHmi-
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tations. A list of some of these regulations and recom-
mendations follows. .

1, The resistance of the track ballast (the quasi-
isolating superstructure of clean ballast, wooden ties,
isolating barriers, and so on) should be high. :

2. The rails may not be directly connected to
ground structures.

3. The rectifier substation mtervals should be
.small.

4, AIll conductors and cables connected to the rails
must be insulated for at least 0.6 kV.

5. The return-current busbars of the rectifier sub-
stations must be insulated against the ground,

6. If the negative polarity of the rectifier voltage-
is connected to the rails, the amount of corrosion pro-
tection may be reduced.

7. The portion of resistance caused by the ra11
bonds must not exceed 15 percent of the total resistance,
The resistance of one bond may not exceed the resis-
tance value of 5 m of track,

8. The use of salt or brines for treating snow a.nd
ice conditions should be avoided.

9. A distance of at least 1 m must be mamtamed
between track and conductive civil works structures.

10. The longitudinal resistance of tunnel structures
rmust be minimized and the track-bed resistance maxi-
mized so that the difference in potential within the fun-
nel structure is kept to a mindmum, If the maximum
operating current is flowing in the rails, a maximum
difference in potential of 0.1 V is allowed throughout the
complete tunnel length and the connection-point area.

Since these regulations have been in effect, all lines
and tunnels have been planned and built accordingly.
Such features as easily accessible track bonds at the
tunnel entrances and multiconductor cables to measure
the potential are being included to facilitate measure-
ment of current after periods of revenue service. The
problem of corrosion from current leakage in rail sys-
tems cannot be declared solved; it is still undergoing
progress and investigation. It is necessary to follow
the continuing addenda to these regulations and recom-
mendations to keep abreast of developments in this area.

CATENARY SYSTEMS
Various catenary systems have been designed to cope
with different maximum speeds, current loads, and

structural conditions,

Single Overhead Conductor

The use of a single overhead conductor for speeds up to
50 km/h has proven sufficient in most cases. The sim-
plest design uses a simple catenary with drop-wire sus-
pension approximately every 15 m; both ends are an-
chored, Temperature expansion leads to an increase
in the sag of the conductor, which must be compensated
for by the vertical travel range of the pantograph. A
catenary system that uses fixed tensioning allows a
longer distance between poles or structure supports.

A network of this type of suspension provides an elastic
overhead conductor suspension,

Under moderate traffic density, it is possible to use
an automatically tensioned weight~-and -pulley overhead
conductor suspension for speeds of up to 70 km/h. Auto-
matic tensioning guarantees a constant sag. The rela-
tive longitudinal movements of the conductor are not
hindered in this design, The elasticity of the system
is improved through the distribution of weight by angular
drop wires. The horizontal positioning of the overhead

is carried out in a zigzag formation from support to sup-
port on straight stretches; it is positioned on curves by
the addition of curve-tensioning guy wires as shown in -

Figure 3 to ensure even wear on the pantograph collector.

Compound Catenary Design

A compound catenary system (Figure 4)is installed dn
lines that have speeds of more than 70 km/h. The full-

length messenger wire serves to support the actual over-

head conductor, as well as to increase the electrical

- conductivity by offering a higher cross-sectional area..

Vertical drop wires between the horizontal supporting:
catenary and the overhead conductor are placed at réla-
tively short intervals—10 to 12 m—in order to practically
eliminate sag of the contact conductor; this ensures good
contact between pantograph and conductor even at high
speeds.

It is posgible to use two supporting catenary wires
for higher current loads. If a heavy power demand is
required by a stopped LRV (because of the needs of its
heating or air-conditioning sysiems, for example), it is
recommended that two overhead conductors be installed,
The overhead conductors are normally automatically
tensioned, whereas the supporting wires can be either
fix anchored or automatically tensioned.

The compound catenary system offers the best capac-
ity with respect to current-carrying capacity and dynamic
transmission, It is preferred for heavily loaded lines
that use high speeds and is recognized as today's stan-
dard eguipment for modern urban and LRT systems.

OVERHEAD CONDUCTOR IN TUNNELS

Overhead conductors were designed for use in tunnels
where the available height made it impossible to use a
catenary system such as those previously discussed.
The design shown in Figure 5 can be applied in tunnels
and under bridge girders, for example. The design of
the elastic cantilever support shown in Figure 6 allows
automatic tensioning through the cantilever arm's capa~
bility for horizontal movement. The height of the over-
head conductor can be adjusted at the base of the arm.
A pretensioned cylindrical rubber insert absorbs the
forces exerted by the conductor and also offers the re-
quired elasticity. H additional current-carrying capac-
ity is required, further parallel conductors ean be
mounted on the tunnel roof or wall and crosscomected
every 30 to 50 m.

THIRD RAIL

The third-rail is usvally selected to supply the current
for the heavy power demand of subways (Figure 7). Its
cross Section is much larger than that of an overhead
conductor.. Its design is simple, robust, and dependable
in operation, The third rail is located adjacent to the
rails (Figure 8) and is supported approximately every

6 m. The LRV current collector can operate on any face
of the third rail, but in Germany collection from the bot-
tom surface is preferred. A cover of polyvinyl chloride
is installed in order to provide protection against acci-
dental contact.

The standard steel third rail (according to DIN regu-
lation 43156) has a current-carrying capacity of up to
300 A, and a cross-sectional area of 5100 mm®. The
higher power demand of future rail vehicles will require
the use of alloys (steel and copper or steel and aluminum)
in rail manufacture to improve the conduetivity. The
third rail is manufactured in sections 180 m and 90 m
long and welded together on site. Separations and tran-
sitions are required at switches and crossovers. Expan-




145,

sion joints (to compensate for temperature changes) are: Flgure 6. Elastic cantilever support.
incorporated at appropriate intervals along the rail.
Isolating insertions permit electrical sectioning. The
length of the isolating pieces depends on the dimensions
of the LRV collector,

The cable from the substation is connected to the

Figure 3. Simple
catenary with two
messenger wires and
fiberglass cantifevers.

Frgure 7. Thlrd rafl power supply system wuth
polyvmyl chlonda protectaon. )

Figure 4. Automatically tensioned trolley wire with bridle and putley.

Figure 8, Third-rail systems with top contact, ;
side contact, and bottom contact respectively.
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Figure 9. Basic circuit diagram of a rectifier substation.
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rail by a bushing, which divides into several many-
strand copper cables.
breakage because of vibration and oscillation. The same

method of connection should be used for the comection:

of the return-current cable.

DIRECT-CURRENT RECTIFIER
SUBSTATIONS

The rectifier substations, which are situated along the
rail line, are either enclosed in their own housings or
integrated with other facilities. When they are located
in tunnels, it has proven advantageous to use the space
available at the end of the passenger loading platforms.
If the stations are located on the surface, the utilities
may use prefabricated station housings. Space reguire-
ments, accessibility, ease of maintenance, operating
safety, and the safety of personnel should be taken into
account in the design of stations. The basic design of -
a standard rectifier substation is shown in Figure 9, -
The principal electrical components can be grouped

asg follows: '

1. Incoming high-voltage alternating -current switch-
gear;

2. The rectifier unit, consisting of a rectifier trans-
former and the rectifier; o

3. Load-side switchgear with direct-current high- °
speed breakers to provide direct-current short-circuit
protection; i

4, An auxiliary staiion supply, backed by an emer-
gency battery supply for underground stations; and

5. High-voltage switchgear to supply station equip-
ment.

RECTIFIER UNIT

The heart of the direct-current power supply system is
the rectifier transformer and the rectifier, which to-
gether constitute the rectifier unit (1), Each unit is
switched by a high-voltage breaker equipped with an
overload time delay and a bimetal relay to protect the
rectifier against short circuits in the network. Several
rectifiers can be located side by side and comnected in
parallel should the power demand require this, Three-
phase bridge connections like that shown in Figure 10
are most commonly used. Modern diodes, which have
peak inverse voltages of 4 kV, permit rectifiers de-
gigned to handle up to 1.8 kV direct current with only
one diode in the reverse direction, The diodes are con-
nected in parallel and their quantity is determined by
the individual current ratings and class. For rail oper-
ation, classes for up to 10 kA are used, A fuse is con-
nected in front of each diode so that, in case of dielec-
tric breakdown, only the faulty diode is disconnected
and the total operation is not interrupted. Reverse cur-
rent transformers register the current flowing up to the
point at which the fuse melts; this provides a record of
the breakdown of a dicde, The rectifiers are protected
against high-frequency overvoltages by means of a
resistance-capacitance filter on the direct-current load
side,

The design of a self-cooled rectifier (Figure 11)
should incorporate only a few supporting insulators to
provide ease of maintenance, dependability, and lack
of sensitivity to dirt. A standard sheet-metal enclosure
js recommended to protect operating persomnel from
making accidental contact with parts that are carrying
current. The specially designed heat sinks for these
self-cooled rectifiers are made out of diagonally cut
extruded aluminum. The 45° diagonal cut of the cool-
ing ribs, as shown in Figure 11, provides an excellent

This is necessary to avoid ca.ble_"' _

chimney effect and proper chainneling of the cooling air.
The stacked rectifiers all belong to one branch of the ..
rectifier arm, which is connected in parallel to the ver-
tical busbar. In the illustrated rectifier cubicle, the
alternating -current connections are at the top and the. -
direct-current connections at the bottom. -

Figure 12 shows the rectifier cubicle for the Munich
subway, which is rated at 3 kA. The vertical buses,
which have diode fuses, are recognized very easily. . -
The measurements of this cubicle are width = 900 mm, -
depth = 800 mm, and height = 2200 mm. The rectifier
transformers in the substation should be specially de-
signed to ensure long life and dependability. There is
a tendency to use dry resin transiormers for up to 3
MV:A. These do not require a drip pan and are espe-
cially preferred in underground installations because
they are inflammable and self-extinguishing. In addition, -
they are no noisier than liquid-insulated transformers.
The rectifier units are designed to withstand a short cir-
cuit on the direct-current load side without the diode
fuses blowing or the transformer or rectifier being
damaged until the alternating-current breaker switches
the power off. Overcurrent protection and a bimetal re-
lay are connected in the alternating-current circuit and
provide continuous protection, as is shown in Figure 13.
The bimetal relay provides tripping in the range of min-
utes, whereas the overcurrent relay provides tripping
in the range of seconds in its delayed function and in the
range of milliseconds in its instanianeous function.

Rectifier circuits exert reactive effects on the ener-
gizing alternating -current power supply. The intensity
of the coupling is reduced ag there is an increase in the
harmeonic frequency, The three-phase rectifier bridge
in a six-pulse connection has a reactive effect on the
alternating -current network that feeds the substation,
especially with respect to the fifth and seventh harmonic,
which is 420 Hz in 60-Hz networks. Past investigations
have shown that these reactive effects are tolerable as
long as the rectifier’'s power capacity is lower than 20
percent of the network's capacity, as is the case in all
LRT installations in Germany. If the rectifier rating is
higher than 20 percent, the fifth and seventh harmonic
can be avoided if a 12-pulse connection is used. A re-
duction in the harmonic content can be achieved if the
secondary windings of the transformers of every second
rectifier unit are shifted 30 electrical degrees. The
rectifier units as a whole then react under heavy power
demand as they would in a 12-pulse comnection. The
alternating -current switchgear is of standard design; it
is preferred that it be withdrawable and have short-
circuit switching capacities of up to 50 kA,

DIRECT-CURRENT SWITCHGEAR

The short-cireuit protection of the catenary system isg
provided by the direct-current high-speed breaker, which
is directly coupled to the direct-current busbar system,
Siemens, for example, manufactures direct-current
breakers that have current ratings of 2 kA, 3.15 kA,

4 kA, and 6.3 kA, These breakers have an overload ca-
pacity of 1.5 times the rated current for 1 min and 4 to
5 times the rated current for 20 s, which can easily ac-
commodate load peaks and rapid changes of direct-
current traction systems. The inherent response time
of only 3 ms between the moment the tripping value is
reached and the contact opening of the breaker classifies
it as a high-speed breaker. It ensures that the short-
circuit current is tripped before it reaches its peak.
This speed permits practically unlimited short-circuit
capacities. The breaker is equipped with a2 magnetic
overcurrent trip that is directly coupled to the switeh-
ing linkage, The trip functions independent of current




direction and rate of rise when the current reaches the
set value.

By using an electronic rate-of-rise current trip in -

addition, a short circuit can be recognized before the.
magnetic trip is activated, and the shért cireuit can be
switched off in less time than 3 ms. - Calibrated poten-
tiometers of the electronic monitor can select tripping
values for near and distant short circuits; this optimizes
the protection for the catenary system and the LRVs,
reduces the short-circuit damage, and also more ade-
quately protects the power supply system. High-voltage

Figure 10. Traction rectifier in three-phase bridge connection.
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Figure 11. Design of a self-cooled rectifier.
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Figure 12. Rectifier cubicle for
the Munich underground railway.
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switching peaks also represent danger to the catenary
system and the LRVs. Alieration of the arc chamber de-
sign criteria makes it possible to limit the arc voltage
during switching to a relatively low voltage, e.g,, 750 V-

‘plus 20 percent for the switchgear limits the switching -

peak to approximately 1.5 kV. Current designs do not re-
quire blow-out coils; this in turn allows the switching of
low-value direct currents, which normally poses a prob-
lem. Since the breaker is mechanically latched, contin-
uous energization of the holding coil is not necessary:

Figure 13. Means of protection of the rectifier,
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Figure 14. Cross section of a high-speed direct-current circuit
breaker.
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Figure 14 shows a cross-sectional view of a high-
speed breaker with a 750~V arc chute. The main cur-
rent path is illustrated, Its fixed and movable contacts
show: on the left, the mechanical linkage; on the right,
the magnetic overcurrent trip mechanism; and, on the
far left, the motor drive. The main connections are
on the side, which aids in making it withdrawable. The
direct-current high-speed breakers, in their switching
function, govern separate line sections and are located

Figure 16. Compact switchgear cubicle and its truck.
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in individual celis —either fixed and mounted or, prefer--
ably, withdrawable, Withdrawability provides a visible:
and positive means of disconnection, which avoids the
cost of an additional disconnect and provides quick ex-
changeability and a high level of safety for operation and
maintenance personnel. An interlocking between the - .
breaker and the operation of the withdrawal mechanism
removes any danger of malfunction, }

The switchgear cubicles also provide a place for
mounting the necessary auxiliary controls and protec-..
tion equipment, such as the rate-of-current-rise monitor:
and test and reclosing controls. These electronic testing
and reclosing controls make remote and automatic opera-
tion of the line power supply possible, After a trip of the
breaker, the electronic circuiting will check, by sending
out limited current according to a timed program,
whether an actual short circuit still exists. If, for ex-
ample, no short circuit is registered after a flashover
or if the breaker on the LRV has tripped, the direct-
current high-speed breaker will automatically switch
back on. The adjustable test circuit can differentiate
between test current flowing from auxiliary equipment
on the LRV and test current flowing because of a line - .
short cireuit. I a preselected number of tests are un-
successful during the total test period, a continuous
short-cireunit condition will be registered, and the high-
speed breaker will be electrically interlocked in the off
position, A line inspection would then be necessary to
locate the fault, '

Switchgear cubicles that bave withdrawable breakers
are available in widths of 1250 mm and 800 mm or even
500 mm (compact design). Figure 15 shows an 800-mm
cubicle with a withdrawable breaker, Good overview of
each component is provided, even with an inserted
breaker. Only the breaker itself is mounted on the with-
drawable frame. Figure 16 shows a compact 500-mm
cubicle on which the auxiliary and monitoring eguipment
are mounted on the withdrawable frame; good overview
and accessibility are available only when the truck is out,

In addition to the direct-current high-speed breakers
for each line section, an additional bypass breaker is
often installed. This breaker, which consists of a bus-
bar and a changeover disconnect {often remote con-
trolied), can be switched in to replace any line breaker,
thereby making maintenance easier and reducing down-
time.

A combination of no-load or load disconnects is usu-
ally inserted between the direct-current switchgear and
the line in order to facilitate coupling, disconnecting, or
changeover of the various catenary sections.

GROUND PROTECTION OF EQUIPMENT

To protect a substation against damage from faulty cur-~
rents flowing through the metal frame of the system,
ground protection for equipment should be incorporated
into the design. The cells must be set on insulation
pads, and the cell frames should be connected by a low-
ohm current relay to the protective ground of the sub-
station. Relatively low faulty currents will be picked
up by this current relay and evaluated; this will lead to
the tripping of the alternating-current and direct-
current breakers. The current relay is laid out to
handle current up to the tripping level of the breakers
without being damaged. In addition, a voltage relay can
be inserted between the equipment ground and the rail
ground in order to monitor voltages of more than 90 V
and to initiate the trip.

The size of an LRT network increases the operational
problems and responsibility. In order to solve these
problems and, at the same time, to rationalize and im-
prove the operational dependability, centralization is




becoming more and more popular for controlling and
monitoring the power supply system. Remote control
and measurement are carried out by using standard,
proven telemetering components. By adding specific
components, the problem of the automatization of the
traction power supply can be solved. Integrated cir-
cuits provide a high level of dependability, high trans-
mission speed, simple expansion, and simple program-
ming. The signals, commands, and measurements to
be transmitted are coded into impulses that are trans-
mitted over a single pair of wires. The receiver then
decodes these impulses.

The central control can be simplified by using mosaic
block systems in which the push buttons, control switches,
pilot lights, and so on are inserted. Mosaic boards have
the advantage that future changes of the network can be
incorporated very easily. Although the mosaic tech-
nigue maximizes the number of control functions that
can fit in a small space, some regional control centers
require a control board that would be too long for effi-
cient operation, Large control rooms and long control
panels debase the overview and reaction time. Such
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large regional control centers have selective graphic
displays and use computers. The network is repre-
sented on the mosaic display board to give a general
overview. . The illumination of the mosaic board, which.
depicts the actual switching conditions, is governed by
a process computer. The complete and detailed display:
of stations or network sections (as selected by the oper-
ator} is shown on the graphic display board.: (Figures 17
and 18). The switch to be operated is located on the
graphic display and can then be switched by a single
push bufton. If a faulty operational signal has been given,
the process computer will so indicate in written form,
giving the correct operating instructions. -All signals
and operations will be recorded; this permits accurate
reconstruction of the situation in case this is.needed. . .
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Regeneration for Light-Rail

Applications

Norman Vutz, Louis T. Klauder and Associafes, Philadelphia

Regeneration is one method of recycling a vehicle's surplus kinetic energy
during braking. Regeneration is recuperative braking in which the re-
cycled energy goes back to the vehicles” power supply system for use by
other vehicles. Several propulsion systems that use regenerative braking
have been applied and operated on direct-current electrified rail systems.
The fundamental limitations on effectiveness that are beyond the pro-
pulsion designer’s control are considered, The performance of an
alternating-current induction motor system with an inverter and a direct-
current series motor systern with a choppar are explored to illustrate the
present state of technology. Comparison is made with two other types
of recuperative braking—flywheel energy storage and height changes in
the route profite. The inefficiency of the former and the difficulty of
construction of the latter are noted. The industry's present interest in
regeneration is questioned since it would have minimal economic impact
but require complex propulsion hardware and extra maintenance costs,

Regenerative braking is one method of recycling a ve-
hicle's surplus kinetic energy during deceleration. It

is recuperative braking in which the recycled energy
goes back to the supply system for use by other vehicles.
In transit operation, acceleration and deceleration are
the predominant vehicle activities. Because of this, the
duty cycle that determines the required rating of a ve-
hicle's propulsion system and brake system equipment
depends primarily on the acceleration and deceleration
needs for that vehicle. For example, on the Norristown
Line of the Southeastern Peunsylvania Transportation
Authority (SEPTA) local cars go through 21 acceleration-
deceleration cycles in a 26-min run that covers 20.9 km
(13 miles), That averages out to just more than 74 s/
cycle. Of this, approximately 50 to 55 s are spent ac-

celerating and decelerating, which leaves from 19 to 24
s for coasting and station dwells.

The propulsion and brake equipment on these cars is
irom an era when the virtues of simplicity and service-
ability were considered as well as the costs of power.
The motors and motor controls have only one task, i.e,,
accelerating the car, The friction brake has only one
task, i.e., decelerating the car. When these cars were
built in the early 1930s, it was not practical to usefully
recover the energy wasted in braking. Energy costs
were important then, as is indicated by the aerodynamic
body shape and the attention given to light weight in the
vehicle design. For an interesting history of these cars,
one may refer to Chapter 7 of The Red Arrow (1). Some
trolley coaches were equipped with special compound
field motors that provided limited regenerative braking
at higher speeds by means of motor field control (2).

Subseguent developments in motors and metor con-
trols have produced vehicles that have dynamic braking
(properly called rheostatic braking) that lessens the duty
and wear on the friction brake system. In dynamic or
rheostatic braking, the drive motors function as genera-
tors during deceleration, but all the resulting electrical
braking energy is wasted as heat in the braking resistors.
The use of rheostatic braking does not provide any sav-
ings in the vehicle's energy consumption.

DEVELOPMENT OF REGENERATIVE
BRAKING

Although there is a long history of attempts to develop
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regenerative braking for start-stop rail {ransit service,
the costs always exceeded the savings. The recent de-
velopment of solid-state power control.systems that use
thyristors (silicon-controlled rectifiers) makes it prac-
tical to return a portion of the electrical braking energy
back to the supply system for use by other vehicles.
Several regenerative chopper systems and one inverter '
system that has alternating -carrent motors (Figure 1),
all of which use thyristors, have been placed in actual
transit service. The practicality of using thyristors
for power control in conjunction with regenerative brak-
ing has been demonstrated in the narrow context of the
individual light-rail vehicle (LRV). Not enough attention
has been paid to how the regenerated energy flows back:
through the wayside supply network (the line receptivity)
or to the effects of the moving substations that vehicles
can become while they are decelerating.

There is an upper limit to the energy that can be re-
covered by means of regenerative braking that is inde-

Figure 1. Power flow diagram of LRV with inverter.

pendent of both line receptivity and the characteristics
of the propulsion system. This limit is a consequence
of the rolling losses of the vehicle; these are relatively -
low for rail vehicles, but they aré not negligible. The .
importance of rolling losses can be illustrated by con-’
sidering the ratio shown below. ' :

maximum vehicle energy recovery factor = (méximm'n car kinetic energy
: - braking rolling losses).

+ {maximum car kinetic energy -

+ acceleration and cruise
- rolling losses) '

In this ratio, the numerator is the net braking energy
available for return to the line at the propulsion motor
shafts, and the denominator is the gross propulsion en-
ergy drawn from the line at the propulsion motor shafts.
In other words, the numerator is the maximum possible
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work that can be done on the motors (acting as genera-:
tors) in decelerating the car, and the denominator is -
the work done on the car by the motors in accelerating
and running the car during a station-to-station run,.. .
Figure 2 shows the ratio calculated for a single fully

Figure 3. Energy recovery factor for two-car SLRV train,
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Ioaded standard LRV (SLRV) as a function of station ;"
spacing. The family of curves shows cruise speeds
from 11.2 to 22.4 m/s (25 to 50 mph). The irrecover-
able losses that result from running at constant speed
between the acceleration interval and the braking inter-
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val lower the energy recovery factor for'longer statmn
Spacings.. .

-At: h1gher speeds the k1net1c energy of . the veh1c1e :
increases:more rapidly thah its rolling losses... Taken.
fogether with the longer acceleration and braking dis-.
tances, which shorten the steady-speed cruise distance,
this causes the ratio fo increase as the vehicle cruise
speed increases for a given station spacing.

Figure 3 shows the ratio caléulated for a fully loaded
two-~car SLRV train. The only difference between these
results and those in Figure 2 is that the frontal area of:
the vehicle is less important to the rolling losses per

.ear. Similar results are obtained for rapid transit op-.

- erations; Figure 4 shows the ratlo for a two-car tram

in the Washington, D.C.,;: Metro system. 2
Regardless of how 1t is implemented, regeneranve
braking cannot recover more than the net available brak-
ing energy at the propulsion motor shafts. This imposes .

an upper limit on the regenerative energy savings that
depends on the profile of the run. It is apparent that re-
generative braking has the best potential in the frequent -
start-stop operation that is typical of light-rail transit
systems.

When an operatmg property puts a few cars that have
regenerative braking into service in a large fleet that
does not,_ it crosses only the first of several hurdles to

Figure 5, Comparison of - TRACTIVE TRACTIVE |
acceleration at constant EFFORT. EFFORT
rate and constant power. - - A A
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Figure 7. Gomparison of power flows for constant rate and constant powar,
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meaningful energy savings. The next hurdle, the handl-
ing of the regenerated energy when it returns to the sup~
ply, will influence the economic trade-offs entailed in
configuring the braking system.

In general, full-rate vehicle deceleration is desired
at much higher speeds than those at which full-rate ve~
hicle acceleration is desired. This is a carry-over of
placing much more importance on accelerating power
than on the dissipation levels of braking power. The
mode's requirement for full-rate acceleration only up
to a relatively low base speed reflects a proper appre-~
ciation of the incremental costs of converting higher
levels of propulsion power at substations and of the in-
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Figure 8. Comparison of speed histories for constant rate and constant power,
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cremental costs of delivering higher levels of propulsion
power to vehicles through third rails or overhead wires.

METHODS OF ACCELERATION

One can compare two possible ways to accelerate a ve-
hicle to a desired speed (Vm), as is shown in Figure 5.
The first, a hypothetical way, involves accelerating at
a constant rate (a) up to Vm; the second, a practical
way, involves accelerating at a constant rate up to half
speed (Vm/2) and accelerating at a constant power level
from Vm/2 to Vm. The required installed power capa-
bility for substations, trolley wire, and the vehicle's
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Figure 9, Comparison of distance histories for constant rate and. -~ DISTANCE -
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propulsion system in the second case is only half that
in the first case, There is only a slight reduction in
performance. If rolling resistance is ignored, the two
cases can be analyzed by closed-form solutions. For
typical rail vehicles, the rolling resistance is small in
relation to the accelerating tractive effort.

In Figure 5 the curves for the tractive effort versus
speed for the two cases are shown. The lower high-
speed tractive effort for the constant power (above Vm/
2).will cause the car to take longer to reach maximum
speed, The curves for the comparative tractive effort,
or acceleration versus time, are shown in Figure 6.
The time required to attain the desired speed is 25 per-
cent longer for the car going at constant power than for
the car going at a constant rate. The curves for the
power or energy flow versus time for the two cars are
shown in Figure 7. Note that the constant-rate car
briefly draws twice the power required by the constant-
power car. The area under either curve is the same,
which indicates that each car ends up with the same
kinetic energy and the same speed, i.e., Vm. The curves
for the comparative speed versus time are shown in Fig-
ure 8. The longer time required to reach top speed
looks important but, from the standpoint of covering
actual distance, it is not 8o important, The curves for
the comparative distance versus time are shown in Fig-
ure 9, The distance difference looks quite small.

To make this abstract comparison more concrete,
consider an SLRV accelerating to 14.3 m/s (32 mph).
The design acceleration iz 1.25 m/s* (2.8 mph/s) up to
7.15 m/s (16 mph). In the constant-power case, this
corresponds to a Vm of 14.3 m/s (32 mph) and an a of
1.25 m/s® (2.8 mph/s). The normalizing time unit (Vm/

=
3
=
H

a) is 11.43 s. The time at which the lower performance
vehicle reaches speed (5/4 xVm/a) is 14.28 5. After
14.28 s, a lower performance {constant~power) vehiele
will be only 6.7 m (22 ft) behind the higher performance
(constant-rate) vehicle; both will be moving at 14.3 m/s
(32 mph). The lower performance vehicle would pass a
given point at most 0.47 s later than the higher perfor-
mance vehicle. Doubling the installed car, line, and
substation power therefore saves less than 0.5 s in
reaching a speed of 14.3 m/s (32 mph). This is a small
gain in comparison with the cost of doubling the peak
power level of the power supply, distribution system,
and propulsion System.

Similar considerations would apply in regenerative
braking systems, but the braking power would flow from
the vehicle's propulsion system back through the distri-
bution system either to a receptive substation or to an-
other vehicle, In nonregenerative braking systems, the
hardware design trade-offs involve only vehicle-carried
equipment, In the case of dynamic braking, the capabil-
ity to withstand extra voltage that must be designed into
the motors and motor controls to allow for electrical
distribution and collection transients can be used to in-
crease the level of the dynamic braking power. Tran-
sients on the order of several thousand volts are com-
mon on 600~V systems. In dynamic braking, the motors,
controls, and braking resistors are not in a circuit with
the current collector and therefore need not tolerate sup-
ply transients. For any given motor current, the motor
speed and motor voltage are proportional to each other.
Full-rate dynamic braking is thus available for current
series motor and switched -resistor propulsion systems
at speeds of two to three times the acceleration base
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speed for only an increase in the size of the braking re-
sistor.

For a purely regeneratwe system, the provision of
full-rate high-speed braking is not a simple matter.
The high levels of braking power must be converted and
controlled in the presence of line transients. Theoret-
ically, a mirror image of constant-power operation
above some intermediate speed for acceleration should
provide a valid model for deceleration. Though the dis-
tance penalty would be small for constant-power braking
from full speed to half speed and constant-rate braking
below half speed, the vehicle operator or train control
system would be required to make stopping decisions
earlier in time and farther back from the desired stop-
ping point. This is not an atiractive prospect in the
context of operation in dense traffic. If both full-rate
high-speed braking and regeneration are desired, the

system designer must be willing to consider:

1. Overdesign of the propulsion system for braking
duty,

2. A friction-brake supplement at high speed, or

3. Combined regenerative and dynamic braking.

In the case of the Cleveland Transit System (CTS)
Airporters, which have inverters and brushless induc-
tion motor drive, early track testing showed that the
propulsion system could handle full-rate braking at high
speeds. This was a case of overdesign of the propulsion
system to accommodate the braking duty, On the new
chopper -equipped Montreal Metro cars and the Toronto
Transit Commission's H~5 cars, a friction-brake sup- -
plement will be used, The Presidents' Conference Com-
mittee (PCC) cars in the Hague and Rio de Janiero and
the 10 chopper test cars for Chicago provide combined
regenerative and dynamic braking by the addition of a
modest amount of power circuitry. In the case of the

Chicago cars, the power-control chopper automatically - -

wastes, in resistors on board the vehiele, any braking
power that cannot be instantly accepted by the supply.

OTHER MEANS OF RECUPERATIVE
BRAKING

There are other means of recycling braking energy that
are not constrained by power supply and distribution fac-
tors., These may be thought of as recuperative braking
rather than regenerative braking. The recovered brak-
ing energy can be stored during a deceleration for sub-
sequent use by the same vehicle during the next accel-
eration. The energy can be stored in flywheels (kinetic),
in batteries (chemical), or by means of height changes
in the route alignment (potential). The dissipation of
braking energy can also be used to augment seasonal
car heating requirements,

The storage of energy in flywheels has been used on
several New York City Transit Authority (NYCTA) test
cars, On-board flywheel energy storage regquires the
use of two propulsion mechanisms—one to drive the ve-
hicle and one to drive the flywheel. On the NYCTA cars,
the flywheel storage system added approximately 5158
kg {11 000 1b), 16 percent, to the weight of the empty
car. By using direct-current motors with separately
controlled field excitation, it is possible to simplify the
electric power control apparatus so that no choppers
are needed. The interplay of car speed and flywheel
speed and separate field control of the two propulsion
systems provides the necessary controllability. It is
only a coincidence that flywheel energy systems have
been developed at the same time as choppers, Flywheel
systems could have been developed much earlier. The
Advanced Concept Train (ACT-1) cars now under de-
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velopment will use the flywheel storage approach w1th- :
out choppers,

The operational advantages of car-carried ﬂywheel
energy storage are that recuperative braking is inde- _
pendent of line conditions and that there is enough stored
energy to permit limping into a station if there is a third- -
rail power outage. The disadvantages are the heavy
weight of the propulsion hardware, the hazards of large -
amounts of mechanically stored energy, the low effi-
ciency of multiple energy conversions, and the steady-
running energy loss of the flywheel umt

In order to keep the variations in flywheel Speed rea-
sonable, the total stored flywheel energy is currently - -
designed to be twice the vehicle's maximum energy. The
Kinetic energy of a vehicle at a speed of 22.4 m/s (50
mph) is great—enough to lift the car about 25.6 m (84
ft)—and the flywheels can store twice that amount of en- - -
ergy. A mechanical failure in the shaft, bearings, or
gearing may trigger the uncontrolled release of the
stored energy. ) ]

Energy losses arise in recuperative braking by means
of flywheels because the energy must undergo four elec-
tromechanical conversions to make a round trip. For a
typical single-conversion efficiency rating of 85 percent,
the round-trip efficiency would be limited to 52 percent,
For an optimistic 90 percent single-conversion effi-
ciency, the round-trip efficiency would be limited to 66
percent.

There is a steady running loss of 22.4 ¥W (30 hp) for
each unit of the ACT -1 storage system. The fotal stored
kinetic energy is 16.3 MJ (12 000 000 ft-1bf), half of
which is useful energy for the system. If the flywheel's
process of running down is considered as exponential de~
cay, the decay constant is the rate of loss divided by the
stored energy or 0.001 375/s. The estimated time for a
flywheel unit to coast down to its half-energy state (i.e.,
that in which it has no useful stored energy) is about 8
min. This is comparable to the terminal layover times
allowed for schedule make-up—about 9.7 km (6 miles) of
express running at 22.4 m/s (50 mph). Another flywheel
loss is that incurred between the time energy is stored
during deceleration and the time it is subsequently used
during acceleration. Taking 1 min as the combined de-
celeration, dwell, and acceleration time, the flywheel
will lose an estimated 8 percent of its total energy or
16 percent of its useful energy, The 16 percent loss
yields 84 percent storage efficiency on top of the esti-
mated 52 percent energy-conversion efficiency previously
mentioned, a net of about 44 percent overall propulsion~
system efficiency in recuperative braking. The steady
constant running loss of the flywheel while the vehicle
moves at constant speed will further detract from the
overall energy efficiency, even though the flywheel
serves no useful storage function during this time.

The disadvantages of weight and safety hazards in
vehicle-carried flywheels could be avoided by locating
the energy-storage flywheel on the wayside within a prop-
erly protected structure at each station. However, if the
station spacing is closer than the train spacing, this will
result in a greater amount of installed machinery, and
each individual machine will be used less frequently and
less economically.

Battery-energy storage has not been tried for regen-
erative braking in transit. The weight, size, and main-
tenance of large-capacity batteries have been the major
problems,

Gravitational storage through height changes is the
simplest means to provide recuperative braking at sta-
tion stops, It iraposes constraints on alignment and
civil engineering works that are sometimes hard to ac-
commodate. D, T. Catling (3) analyzed the operational
aspects of gravily recuperation in a system of hump sta-
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tions. Practical limitations, such as starting trains
with some nonpowered cars on the upgrade approaching
a station, limited grade considered to 2 percent,- With
this modest grade, a drop of 7.62 m (25 ft) resulted in-
increasing the schedule speed enough to eliminate one
train and provide a 14 percent saving in each train's. en-
ergy consumption for a 32-km (20-mile) 20 -station ser-
vice with a 2-min headway. The concept is atiractive
for its simplicity, and its implementation need not be
systemwide. The trade-off between the value of antic-
ipated energy savings and extra route construction costs
can be analyzed only on a site-specific case-by-case
basis., The Monireal Metro and some NYCTA lines have
hump stations. Occasionally a proposal for a ballistic
trajectory transit system reemerges..

Figure 10. Performance of inverter on receptive line.

REGENERATIVE BRAKING WITH
AN INVERTER

Regenerative braking is recuperative braking in which -
the recycled energy goes back fo the supply for use by -
other vehicles. The inverter-equipped CTS Airporters
exhibited the performance shown in Figure 10 on a re-.
ceptive Hine, - This chart segment shows an acceleration
to 22.4 m/s (50 mph) and an immediate deceleration.to
stop. The inverter drew supply current while accelerat-
ing and returned supply current while braking. While it
was drawing supply current; the line voltage dropped

and, while it was returning supply current, the line volt-

age increased. Since the response of the friction brake
was slightly faster than that of the inverter at the.
power-to-brake transition, one notes a shght brief .
rise in brake cylinder pressure.

The CTS Airporters performed as shown in F1gure
11 on a nonreceptive line. These cars carried one-step
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contractor-controlled resistors that artificially loaded
the line to make it receptive, For the case shown, the
car was accelerated to 26.8 m/s (60 mph), cruised
briefly, and then braked to a stop. The speed and ac-
celeration traces show this. The inverter current trace
shows the usual acceleration behavior, which is followed
by a short reduced-current cruise interval and finally a
swing toward regeneration during deceleration, The line
voltage shows some droop during acceleration and a sig-
nificant rise at the start of braking. This voltage rise
triggered the closing of the dynamic brake's resistor
contactor, which diverted some of the regenerated cur-
rent. The friction brake was bleeding off simultanecusly;
this caused the inverter-regenerated current {0 increase
in order to maintain constant deceleration. Near the end
of the stop, the regenerated current was insufficient to
offset the dynamic brake's resistor current, and some
line power was consumed at the end of the stop. This
was a very crude first attempt at addressing the ques-
tion of receptivity.

A user's view of the CTS inverter and alternating-

157

current motor system was presented by R. T. Bretz in
1973 (4). :

REGENERATIVE BRAKING WITH
A CHOPPER

The use of choppers and direct-current series motors
makes it possible to continuously blend regenerative _
and dynamic braking so that the line will be fed all avail-
able braking current up to its limit of instantaneous re-
ceptivity and only surplus braking energy will be wasted
in a car-carried dynamic brake resistor. In a system
that uges a chopper and direct<current motor propulsion,
this can be achieved by adding a thyristor and dynamic
brake resistor in the chopper power circuit as shown

in Figure 12. The other contactor-staged brake resistor
shown at the bottom allows for full-rate braking at high
speed. Circuit operation is illustrated in Figures 13 and
14.7In Figure 13 the chopper is on, and the loop current
is increasing; the motor-generated voltage is imposed
across the smoothing inductor and the optional high-

Figure 11. Performance of inverter:
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Figure 12. Chopper power circuit for régenerative braking.
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Figure 14. Flow of regenerative current,
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speed brake resistor. Electrical energy is being trans-
ferred from the motor to storage in the inductor and to
optional waste in the high-speed brake resistor. In Fig-
ure 14, the chopper has been turned off and the current
is spilling over to the line filier via the blocking diode.
The combination of motor-generated voltage and smooth-
" ing inductor voltage produces a flow of current against
the line voltage and the voltage drop in the optional high-
speed resistor. The flow of current against the line
voltage constitutes useful regeneration. The flow of
current against the drop in the optional resistor consti-
tutes energy waste.

If the line is not receptive, much of the regenerated
current will flow into the filter capacitor, which will
cause its voliage to rise above a sensing level, When
high filter-capacitor voltage is sensed, the dynamiec
brake thyristor is turned on and the current is diverted
to the dynamic brake resistor as shown in Figure 15.

A combination of motor-generated voltage and inductor
voltage drives the loop current through the dynamic
brake resistor and the optional high-speed braking re-
sistor. After the current decays, the chopper is turned
on and the whole process is repeated. Thus, once dur-
ing each chopper cycle (approximately 200 to 400 times/
s), the portion of braking energy returned and the por-
tion of braking energy wasted are adjusted so that they
do not exceed the maximum allowable line voltage under
varying conditions of partial receptivity or nonreceptiv-
ity. This type of circuit has been implemented and is
used successfully on many chopper-equipped rail cars.

ECONOMICS OF REGENERATION

What are the economics of regeneration? Numerous
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claims are being made about the amount of energy that
can be saved. Most of these claims are for savings in
propulsion energy only, and these reductions will not be
realized on a properties' electric meters because the
car auxiliary and lay-up loads are not reduced by regen-
eration. Regeneration can help reduce the peak-hour
demand and the associated utility demand charge, For
a 33,7-Mg (72 000-1b) vehicle traveling at 22.4 m/s (50
mph), each stap involves 16 MJ (12 000 000 ft-Ibf) of
kinetic energy. At 21.6 cents/MJ (6 cents/kW-h), this
is about 27 cents worth of electricity. Since only about
half the energy can be recovered, the value to an oper-
ating property would be on the order of 15 cents/vehicle
stop.

Another way to look at regenerative braking is to con-
sider the trade-off between the daily power required by
an electronic cooling blower for a solid-state system
and the number of stops per day needed to recover a
compensating amount of energy. A 7.46-kW (10-hp)
blower running 24 h/d will consume 644 MJ (475 000 000
ft-1bf) of energy. At the rate of 8.1 MJ (6 000 000 ft-1bf)
of recoverable energy per stop, a vehicle with regenera-
tive braking would have to make 79 stops at 22.4 m/s
(50 mph) just to offset its blower consumption. At an
average speed of 8.94 m/s (20 mph) and 1 stop/miie, it
would require 4 h of car operation to reach the point at
which the savings in regenerated energy offsets the
added blower consumption, The fact that several prop-
erties that are exposed to severe winters {e.g., Cleve-
land and Boston) do not helieve that the recovery of dy-
namic brake heat in season is worth the maintenance ex-
pense of a ventilating air-flow deflector indicates that
traction energy costs are less important than mainte-
nance costs. Regeneration may be a fad that will be of
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Figure 15. Flow of dynamic brake current.
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little importance to present-day transit operations if it
adds to maintenance costs, _

It is obvious that there are problems in vehicle en-
ergy economics at present. The fact that the ACT-1
development program is proceeding with a propulsion
system that suffers a steady 22.4-kW (30-hp) flywheel
running loss and with an air comfort system that re-
quires a steady 59.7-kW (80-hp) shaft power input in-
dicates that total vehicle energy is not all that impor-
tant. If there is a constant 82.1-k¥W {110-hp) parasitic
load on each vehicle, regenerative power savings look
very small,

In summary, serious efforts to reduce transit energy
consumption should take into account the simple expedi-
ents of seasonal recovery of dynamic braking heat,
skip-stop and request-stop operation, local and express
scheduling, and reductions in car lay-up time with aux-
iliaries running. These measSures can provide immedi-
ate savings without recourse to complex propulsion
technology and exposure to its attendant risks and ex~
penses.

Lsa»t-
essensQREDasuEREE
. [ ]
[ ]
]
n
E ]

- DYNAMIC =
B8RAKE a
THYRISTOR ON H

nagm -
s L\ .
] ’ - +
] Ld
[ ] Fdt
=
] [ |
u u-
] ]

HRow ‘ ARMATURE

VOLTAGE

REFERENCES

1. R. DeGraw. The Red Arrow. Haverford Press,
" Haverford, PA, 1972,

2. Instructions: General Electric Compound-Wound
Motor Trolley Coach Equipment Furnished to St.
Louis Car Company for City of New York Board of
Transportation. Apparatus Department, General
Electri¢ Co., Schenectady, NY, Publ, 125614, Nov.
1947, -

3. D. T. Catling. Principles and Practice of Train
Performance Applied to London Transport's Vic-
toria Line. Proc., Institution of Mechanical Engi-
neers (London), Vol, 181, Part 3G, 1966-1967,

4,. R. T. Bretz. Cleveland Transit System Experience
With WABCQ Regenerative Power. Paper presented
at the American Transit Association Rail Transit
Meeting, Chicago, April 23-27, 1973,

|
i
i
i
H
H

i
i
i
|

e

e

|

I TP

T gt Y BN O R g B



161

Investigating the Potential for Street

Qperation of Light-Rail Transit

John Taber and Jerome Lutin, Department of Civil Engineering,

Princeton University

This paper examines the potential for light-rail transit {LRT} operations.
in the street with mixed traffic. [t is hypothesized that street operation -

of LRT is possible, and in some areas desirable, for both cost reduction- -

and service improvement. It is believed that the potential cost savings -

in construction should lead planners to consider using ERT in streets.
However, little work has been done in analyzing the problems associated
with street operation. This paper attempts to establish a systematic
‘framework for investigating the potential for a shared street environ-
ment and to stimulate a discussion among LRT planners about the role
of street operations in proposed systems. The methodology used in this
study has two phases: the identification and investigation of the asso-

ciated problems and the analysis of various design elements and strategies.

Several possibilities for street operation are discussed and the generic
problems of street running and traffic conflicts are analyzed. The ap-
proach is based on existing data from Toronto.

Many current light-rail transit (LRT) planning studies
for North American cities have emphasized the use of
private right-of-way., However, an important advantage
of LRT is its ability to serve downtown areas by running
through city streets where exclusive right-of-way, usu-
ally a subway, is prohibitively expensive, Little cur-
rent research has been devoted to analyzing the poten-
tials and problems associated with a shared street
environment.

In general, planners have considered using street
right-of-way for LRT operation only where a center
median strip is available to separate LRT operations
from automobile and pedestrian traffic. Although pri-
vate right-of-way will undoubtedly be necessary to
achieve high running speed, the degrees of reservation
that are possible range from an exclusive median for
LRT (full reservation) to fully integrated street running
in vehicular traffic. Some of the alternatives are listed
below,

1. Buburban collectors—In some medium-density
suburban areas, street running with stops at corners
may provide residential access times superior to those
found in conventional line-haul, pedestrian- and
automobile-feeder transit systems.

%. Downtown distributor—In central business dis-
tricts (CBDs) LRT street operation may be a feasible
way to provide distribution service in conjunction with
high-speed routes running on segregated rights-of-way
between the suburban areas and the urban core. Ade~
quate levels of service can thus be provided while the
high costs of CBD subway construction are avoided.

3. Limited-traffic streets—Certain streets can be
used by LRT at speeds that compare favorably with
separated running if measures are taken to reduce com-
peting vehicular traffic,. These measures may include
contraflow lanes, in which LRT vehicles operate itn a
direction opposite to that of antomobile traffic; traffic
restraints; transit priority signals; and diversion of
traffic to adjacent streets.

4, Automobile-free zones—Pedestrian malls and
transitways in downtown areas can be used for LRT
without compromising transit service and can enhance
these areas,

Historically, rail transit was placed in the centers
of streets, Gradually, as the availability and popularity

" of the autofnobiie grew, motor vehicle traffic began to

interfere with streetcar operation. This produced an in-
crease in the streetcar's travel time and made the ser-

... vice less attractive, Intheperiod following World War 11,
- streetcars in the United States were regarded as inhibi-

tors in the urban streets. The removal of streetcars

- followed two basic trends. In most cases, tracks were

removed and service discontinued, Where the streetcar
lines were retained, every effort was made to separate
them from automobile traffic. Some larger cities turned
to heavy-rail transit or elevated systems or (as in Phila-
delphia and Boston) placed the most congested portions

of the existing streetcar operation underground. San
Francisco is now preparing to run its Market Street-
Streetcars in a subway one level above the Bay Area
Rapid Transit line,

Today, in the face of escalating costs for rail rapid
transit, North America is experiencing a resurgence of
interest in LRT. Concurrently, federal transportation
policy has placed emphasis on transportation system
management to improve the efficiency of all modes and
increase the eifective capacity of streets to move people
as well as avtomobiles. In this context, reinstitu-
tion of LRT street operation can be feasible if new strat-
egies are developed to create a suitable shared street
environment. The increased emphasis on planning for
pedestrian malls and large-scale automobile-restricted
zones can give LRT street operation a major role in
providing distribution and collector service throughout
these areas. The ability to operate at grade with closely
spaced stops and to conveniently serve shopping areas is
a highly desirable characteristic for LRT operations in
pedestrian zones. The problems of conducting street
operations in heavy automobile and truck traffic may be
insurmountable, but LRT operation may be possible in
less dense traffic or in conjunction with more advanced
traffic control and signal strategies.

Modern LRT street operations exist throughout Eu-
rope; several cities (Amsterdam, the Hague, and Zurich)
have added new street trackage. Many Eurcpean cities
have instituted transit priority schemes, generally in
the form of reserved transit lanes, Other priority tech~
niques found throughout Europe include the exemption of
transit vehicles from barred turns, signal priority, and
various regulations that give transit vehicles the right-
of-way over other vehicles, While many successful
European mixed-traffic techniques may be adopted in
North America, one must be careful in comparing Euro-
pean street systems and those in North American cities
because of the differing social and driving characteris-
tics. A survey of European transit systems by R. Ben-
nett and C. Elmberg {1) showed that observance of tran-
sit priorities by the motoring public depended on the type
of priority, Observance of physical or aperational pri-
orities was generally satisfactory there, but North
American drivers are less likely to abide by such regu-
lations. Both Toronto and Philadelphia have experienced
major problems because motor vehicles have used re-
served streetcar lanes,

Although several North American cities, including
Boston, New Orleans, Philadelphia, Pittsburgh, San
Francisco, and Toronto, currently operate on-street
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Figure 1. Routes of five'streetcar lines in
Toronto.

LRT lines, there is little information transmitted to the
planning community on the degree of operating success
of these streetcar systems or on the potential for im-
proving their performance, Most often, one hears only
criticism, which is probably justified, of mixed-street
operations because of their slow running times and un-
dependable service as a result of interference from
congested vehicular traffic, '

We believe, however, that the potential cost savings
in construction should lead to consideration of using
LRT in streets. Exclusive transit lanes should be pre-
ferred, but these are not always possible. This leads
to the alternative of mixed-traffic street operation.

As the first step in this study, we defined and iden-
tified the major causes of street operating delay. In
searching for current streetcar information, we found
that a great deal of data had been accumulated on sev-
eral LRT routes in Toronto (2). Toronto is a growing
North American city that has™a strong streetcar orien-
tation in its public transit system. We feel that prob-
lems of LRT operation in Toronto are similar to those
that would occur in any new or existing mixed-traffic
LRT system in the United States or Canada. Five LRT
routes in Toronto have therefore been examined closely
in regard to the problems and potential that must be de-
termined before new LRT gystems in a shared street
environment are recommended or implemented,

BACKGROUND

Metropolitan Toronto encompasses an area of 624 km?
(240 'miles?) and a population of 2 300 000; it is the fif-
teenth largest city in North America, Toronto isa city
oriented toward public transportation; some 70 percent
of peak-hour travelers use mass transit {3}, All LRT
operations are under the jurisdiction of the Toronto
Transit Commission (TTC), a fully integrated public
transit agency.

The streetcar system currently has a total of 11

routes covering T4 km (46 miles) and has 338 ligkit-rail

vehicles (LRVS). Virtually all routes usé mxed-traific
street operations, Basically, the streetcar routes run
in an east-west direction; most routes converge in the
major downtown sector. The streetcar lines constitute
the major mode of surface transit serving the central
city. They carry 4000 to 9000 passengers/h/direction
in the rush hour.

Due to the city's development pattern, the streetcar
routes pass through areas of each of the basic land uses:
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residential, light commercial, heavy commercial', ahd
industrial (3). '

ROUTE DESCRIPTION

This analysis examines the five routes—Carlton, Dundas,
King, Queen, and St. Clair—shown in Figure 1. The first
four are primarily downtown routes although they extend
into dense residential areas. The Carlton route runs
past the University of Toronto and the Ontario Parlia-
ment buildings. The King, Queen, and Dundag routes
traverse the major office district of the city; the King
route extends through the major manufacturing sector:
The St. Clair route runs through a major shopping dis-
trict surrounded by residential streets whose population
ranges from middle to upper middle class, "All five
routes run east-west, have double tracks, and run in

the center of their respective streets. A short stretch
of the Queen route, located on the outskirts of the city,
runs in a segregated median strip along a major artery.

_The St. Clair line had diagonal striping across the pave-

ment to separate automobile and transit traffic. However,
objections to the striping were made by motormen, who
complained of headaches. The striping is now being al-
lowed to fade.

DATA COLLECTION

During 1973, TCC accumulated data on various delays
encountered by streetcars. Little more was done with
this study because of budget constraints, although left
turns were eliminated at several intersections. Obser-
vations were collected by a full-time traffic checker,

Data were collected for delays in eastbound and west-
bound directions for four different time periods in the
morning peak, midday off-peak hours, afternoon peak,
and evening, Routes were divided into 12 to 16 segments
on the basis of important intersections and stops. Each
delay was assigned to one of 12 categories:

Passenger service time,

Other delays due to TTC operations,
Traffic signal,

Left or right turn,

Accident,

Traffic congestion,

Yield and merge,

Pedestrian crosswalk,

Parked automobiles,

[T oo RS R SR-




Figure 2. Total operating delays
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10. Traffic officer,
11. Construction, or
12, Miscellaneous delays.

Guidelines were established for what constituted a
delay, and all delays were recorded in minutes. We con-
ducted a preliminary investigation of the data; our find-.
ings are given below.

OPERATING DELAYS

Operating delays were those attributed to passenger
service time (boarding delays) and those caused by TTC
operations (i.e., operator lag or other transit vehicles
ahead). All other delays were considered street delay.
For all routes, operating delays accounted for about 40
to 45 percent of the total delay, as shown below (1 km =
0.6 mile).

Round-Trip Operating  Street
Route Distance (km)  Delay (%) Delay (%)
Carlton 29.8 41,7 58.3
Dundas 21.1 41.4 58,6
King 25,6 41.6 58.4
Queen 33.6 41.6 58.4
St. Clair 19.4 48.9 53.1

Operating delays, adjusted for the length of route,
were preatest for the Dundas and St. Clair lines., How-
ever, the St. Clair line experienced large delays at the
transfer station with the Yonge Street subway, since
streetcars must await connections with the subway. For
all routes, delays caused by TTC operations remained
approximately 10 to 15 percent of the total operating de-
lays (0 to 10 percent of the total delay incurred).

On most routes, boarding is done in the center of the
street with no special passenger provisions. Along St.
Clair Street, there are boarding platforms that offer the
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passenger refuge from the surrounding street traffie, <
At the time the data were collected, Toronto had a con-
ventional fare system, and the operators made change.
The TTC has since switched to exact-fare ecollection,
which has probably resulted in a reduction of boarding’
delays.

The data indicated that all routes except St. Clair had
boarding delays ranging from 85 to 90 percent of the
total operating delays (35 to 40 percent of total delay in-
curred), Boarding delays along the 5t. Clair line made
up a much lower percentage of the total operating delay
and averaged only 27 percent of the total delay incurred;
this indicaies that protected passenger platforms may
reduce scheduled running times by 10 perceni. Further
analysis showed that boarding delays were greatest for
midday off-peak hours and approximately equal for other
hours of the day (Figure 2}. This may be because pas- -
sengers who use the transit system during off-peak

-hours tend to be -senior citizens or shoppers with pack-

ages, both of whom can be expecled to board more slowly,
STREET DELAY

The most obvious effects of LRT operation in a shared -
street environment were found in the street delay cate-
gories: traffic signals, left or right turns by motor ve-
hicles, accidents, traffic congestion, locations where
traffic must yield and merge, pedestrian erosswalks,
parked automobiles, traffic officers, construction, and
other miscellaneous traffic delays. Throughout the
Toronto system, street delays accounted for 55 to 60
percent of all delays incurred. They were found to be

. highest during the midday off-peak period (Figure 3).

—— e

This may be because traffic lights are more effectively
synchronized during the peak periods to ease the traffic
flow along arterial roads. The LRVs are thus able to
take advantage of the extended green cycle,

The length of street delays varied among routes and
among segments of each route. Several variables were
analyzed to account for the significant range in delay.
The variables were land use, volume of motor vehicle
traffic, roadway width, and number of intersections.

Land use was divided into four types: residential,
light commercial, heavy commereial or office district,
and industrial, Correlation between these categories
and street delay proved to be virtually nonexistent. Min-
utes of delay ranged from 11.0 for light commercial to
15.23 for residential. However, it must be noted that,
since all streetcar lines in Toronto serve the nucleus
of the ¢ity, the densities for each type of land use do
not vary significantly in the area studied.

Traffic volume, roadway width, number of intersec-
tions, and traffic volume per roadway width were all
tested for correlation with total street delay time. In
each case, the correlation proved to be not significant.
Among the variables examined, the number of intersec-
tions had the largest effect on street delay.

The overwhelming cause of streef delay was traffic
signals, which accounted for 86,9 percent of all street
deldys and remained approximately constant across all
routes and times of day. The second largest cause of
delay was traffic congestion, which made up 5.7 percent
of street delay. All other causes of street delay were
relatively insignificant,

An understanding of street delay can be gained from
the route-delay profiles of the Toronto streetcar lines
(Figures 4 to 8). Several patterns of delay can be dis-
tinguished. The Dundas line exhibited major traffic
congestion along the Jarvis-Parliament segment, where
there is a circular bend in the road. The King route had
significant delays on the segment where the line turns
from Xing Street onto Broadview Avenue,
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IMPLICATIONS

The analysis of the Toronto streetear delay data reveals
that delays caused by boarding passengers and by traffic
signals together account for 90 percent of all delays in-

Figure 4. Route-delay profile.for Carlton line,,
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Figure 5. Route-delay profile for Dundas line,
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Figure 6. Route-delay profile for King Line.
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curred —boarding delays make up 40 percent of the total

and traffic signals the remaining 50 percent, Effors to

reduce streetcar delay should therefore be d1rected to
improving these two major elements, . .
Boarding delays could be reduced by provldmg plat—-
forms (preferably high-level platforms) that offer the
passenger a refuge in the street center. The installa-"
tion of low-level platforms along the St. Clair route has

substantially reduced boarding delays and has not created

any major traffic problems. Contrary to the fears of
many planners, pedestrian access to the street-island
platforms has not produced any significant problems.

Installation of traffic signal preemption capability
for LRT street operation can drastically reduce.delays,
In the case of Toronto, it appears that total delays could
be reduced 50 percent if LRVs were given 100 percent
priority. An example of the large time savings possible
is shown for the Carlton route in Figure 9 and for alt
routes in the table below (1 km = 0.6 mile).

Awerage Speed (km/h)

With Preemption

Route Existing
Carlton 16.5
Dundas 14.9
King 16.8
Queen 18.1
St. Clair 15.2

22.7
22.2
22.7
21.3
224

Figure 7. Route-delay profile for Queen line.
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Figure 8, Route-delay profile for St. Clair line.
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Figure 9. Effect of signal preemption on street delays along Carlton line.
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The Dundas route would benefit the most; its average
Speeds could increase from 14.9 to 22.2 km/h (9.3 to
13.9 mph), a 50 percent improvement in average speed
(4}, The routes' average speed would rise from 16 to
22.4 km/h (10 to 14 mph), a 40 percent increase.

Surprisingly, streetcar delay due to traffic conges-
tion was extremely low; it accounted for only 3.3 per-~
cent of the total delay. This finding seems to refute
some of the criticisms leveled against street running
of transit vehicles, i.e., that conflict between transit
and motor vehicles is the major cause of delay. Of
course, it must be noted that schedule speeds are based
on the average speed that can be attained in mixed traf-
fic.

Although improvements may be instituted to reduce
the delays in the other categories mentioned, the data
from Toronto's operations indicate that these variables
are relatively unimportant in regard to transit travel
time. In fact, the eight other categories of street delay
account for a mere 4.2 percent of all delays incurred as
is shown below,

Percentage Percentage
Type of of Tota! Type of of Total
Street Delay Delay Street Delay Delay
Traffic signals 49.97 Pedestrian crosswalk 0.67

Left or right turns 0,98 Parked automobiles 0,10

Accidents .32 Traffic officer 0.12
Traffic congestion  3.30 Construction 0.76
Yield and merge 0.84 Miscellaneous 0.43

Thus far, Toronto has instituted several measures,
such as banning left turns by motor vehicles, to allevi-
ate delay at specific intersections. The TTC is cur-
rently exploring the use of signal preemption.

CONCLUSIONS

As the experience of the TTC has shown, LRT operation
in streets can provide a workable solution for some ur-
ban transport problems. The advantages of street oper-
ation are greatly reduced capital costs in construction,
faster construction time, and less environmental distur-
bance, Since urban real estate costs are climbing, LRT
street operation is a relatively low~cost solution to pro-
viding a widespread, line-haul transit gystem capable of
transporting large volumes of passengers. The subway-
surface LRT lines in West Philadelphia and San Fran-
cisco are also excelient examples of the street operation

i
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of widespread collectors for LRT systems, " - o

These exceptions notwithstanding, street operations
have been deemed largely impractical for LRT systems
in North America. However, there are many dimen-
sions to the problem, and trade-offs are possible. While
the past 50 years has seen a diminishing of streetcar
priority in street traffic, there is no reason that prior- -
ities cannot be changed in the interest of moving people,
rather than motor vehicles, more efficiently.

The data from Toronto indicate that improvements in _
two areas, boarding and signal preemption, can signifi-
cantly reduce running times. Boarding delays can be
lessened by the installation of platforms, as was shown
by the St. Clair route. Island platforms have been used
successfully, both in Toronto and in Philadelphia. The
plans for a new LRT line in Calgary include high-level
island platforms that are accessible from the street and
from overhead walkways.

The other area in which significant gains in transit
speed can be made is in traffic signal preemption. The
technology of traffic signal control systems 1s becoming
less and less expensive as sophisticated low-cost miero-
processors are becoming more readily available. Sev-
eral cities in Eurcpe have instalied modified forms of
signal preemption. The LRT systems in Berne and
Glasgow use traffic signal synchronization that is based
on transit speeds rather than motor vehicle Speeds.
Berne has included a provision for longer green cycles
for LRVs that is actuated by overhead contacis. The
city of Melbourne has also instituted a signal priority
system that can be actuated by overhead wire contacts,
loop detectors, or push buttons on the transit vehicle,
The institution of such transit priority measures in
Europe and Melbourne has resulted in patronage gains,

However, systemwide signal preemption is still rel-
atively untried in the United States. Many opportunities
for the implementation of such control systems exist
throughout the United States. Recent decisions to re-
habilitate LRT lines with street trackage (as in Pitts-
burgh) may provide an ideal opportunity to test the ef-
fectiveness of transit priority measures. '

It appears that signal preemption strategies, if they
are successfully implemented, can produce significant
increases in running speed—almost enough to make
street running comparable to running in private right-
of-way in which the stops are closely spaced. Moderate
traffic density and traffic signal controls may make
street operation an optimal strategy for LRT systems.

Various other traffic control measures can be pro-
moted, such as legally restricting parking at transit
stops. However, as the Toronto data show, these mea-
sures will have little effect on reducing the overall de-
lay. In addition, observance of this type of regulation
in Europe has been poor (1).

The results irom Toronto indicate a strong potential
for street operation of LRT. Significant reductions in
delay time can be achieved by means of improvements
that will yield benefits in the form of improved service
ievels and better utilization of the two most costly tran-
sit resources: labor and car fleet,
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Institutional Barrie_rs to Implementing

Light-Rail Transit

Jeffrey G. Mora, Urban Mass Transportation Administration, U.8. Department

of Transportation, workshop moderator

Glen D. Bottoms, U.S. Department of the Treasury, recorder

The workshop session began with a brief description by
the workshop moderator of the different types of institu-
tional barriers that might confront localities seeking to
implement light-rail transit (LRT). These include the
blurred definition of LRT, especially its streetear
image, the problems of selling the concept, and per-
ceptions of LRT as being second best; the issue of who
makes the decision about LRT in view of the roles of the
Urban Mass Transportation Administration (UMTA), the
Environmental Protection Agency (EPA), the U.S. De-
partment of Housing and Urban Development, local pub-
lic agencies, and consultants; and the complexities of
the governmental process {pressure groups, citizen in-
fluence, scarce resources, and the conflict between en-
vironmental disruption and public works projects).

LRT has suffered from the lack of a clear perception
of the concept. For many, the term brings visions of
noisy, cumbersome, antiquated vehicles rambling con-
gpicuously through crowded city streets, To others,
LRT represents a second-best or lesser alternative that
js forced on local areas by an economizing administra-
tion. In a period when central cities are chronically
short of cagh and plagued by a shrinking tax base, these
cities will seek to maximize federalfunding possibilities.
Conventional rapid transit projects fulfill this goal.

Institutional barriers at the federal level are per-
ceived at the local level to be of a bureaucratic nature,
highly specialized, regularized, and technical require-
ments give rise to much of the criticism. Another stick-
ing point is the overlap between programs of different
agencies, For example, EPA's Transportation Control
Plan requires loczlities to formulate a package of often
stringent measures to achieve improved air quality, but
this package can contain elements that run counter to re-
ducing air pollution over the long term and hinder the
planning for long-term metropolitan transportation goals.

One of the gquestions raised at the workshop was how
an urban area goes about achieving a consensus to ensure
the implementation of capital improvements on a system-
wide basis without a public referendum. One proposed
solution described how Toronto conceived, planned, and
built a subway in the late 1940s. A small staff within the
existing transit agency (the Toronto Transportation Com-
mission) initiated the idea, undertook to sell the idea to
key decision makers and the public, and eventually fi-
nanced the endeavor without federal or provineial funds
or participation. It was pointed out that such an approach
is no longer possible in today's environment.

One participant voiced an opinion that state depart-
ments of transportation have continued the preoccupa~
tion with highways that characterized their predecessor
organizations and have failed to give support to nonhigh-
way projects. One locality, having secured the neces-
sary local approvals, could not elicit a matching com-
mitment from the state department of transportation for
a major transit (nonhighway) project. Rather than find-
ing the department of transportation receptive, they found
themselves in an adversary relationship. While it was
pointed out that localities can appeal directly to the state
legislature for relief in such cases, it would seem more
logical to make major efforts to reorient the state de-

partment of fransportation to a multimodal approach.
Another participant pointed to the imbalance transit proj-
ects face because of state funding requirements, The
local level frequently gets no encouragement from the
state-level agency for transit-oriented improvements,
On the contrary, the state departments of transportation
(for the most part originally highway departments) are
adept and well schooled in securing funding from both the
Federal Highway Administration and the state legislatures
and can promise localities firm funding for local highway
improvements. Furthermore, highway projects do not
have to undergo the alternatives analysis or public ref-
erenda for federal funding that are now required for
major transit investments, Given the choice of assured -
funding for the highway improvement or an uncertain fu~
ture for possible fransit funding, localities frequently
take the obvious course. Who is to play the advocacy
role for transit at this critical level?

Many participants indicated that the metropolitan plan-
ning process, supposedly structured fo encourage multi-
modal transportation planning (and subject to various
federal regulations to validate the process), ean be sub-
verted by state agencies and federal funding inequities.

Many participants articulated a deep sense of frustra-
tion over the emerging framework at the federal level for
the examination and evaluation of proposed mass trans-
portation facilities. One view held that it was unfair to
promulgate an alternatives analysis requirement without
also requiring a similar egercise for proposed highway
projects. This comment underlined the dichotomy within
the U.S. Department of Transportation for administering
mass transit and highway programs (two separate agen-
cies) with different viewpoints, rules, requirements, and
funding arrangements.

Another view that emerged is that the problem with
UMTA is only a reflection of the problems that can be
encountered in the political process. A general attitu-
dinal change must come to the congressional leadership
and to the public, The recent failure of Congress to ap-
prove a gasoline tax boost and the reluctance of cities
and states to make hard choices with regard to the auto-
mobile indicate that the national mood has not signifi-
cantly changed.

A spokesman from private industry voiced a deep dis-
appointment with UMTA's lack of action in approving
LRT systems. Unfortunately, private industry assumed
that a policy statement issued by UMTA on LRT in 1975
would result in emphasis on LRT by the agency. Local
areas must develop specific proposals and survive a se-
ries of critical analyses before funds can be committed
to the desired alternative. Of the LRT project applica~
tions received by UMTA from 1975 to 1977, only one sur-
vived the examination process, and there is some gues-
tion whether it could accurately be called LRT.

A congressional aide gave an overview of congres-
sional intent with regard to the urban mass transporta-
tion program, pointing out that the UMTA program is
one of the last big discretionary grant programs in the
federal government. He noted that there are some mem-
bers of Congress who advocate vesting in Congress the
authority to approve or disapprove project proposals on
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a case-by-case basis (as is now done with U.S. Army.: -
Corps -of Engineers projects)., : E
Another participant thought that the relative weak- .
ness of the transit industry itself was a formidable bar-
rier. The organizations that should be initiating new: :
proposals and policy initiatives are primarily occupied

with operating what they have. In this same vein, it was

felt that the industry trade association, the American
Public Transit Assotiation (APTA), has proved to be a-
weak advocate for transit in general and for fixed-
guideway solutions in particular. Since the membership
of APTA consists primarily of bus operators, the or-
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' ganization reflects an emphasis on the bus mode.. - .-

The workshap closed with a short summary highlight-
ing the following points: the definition of LRT is blurred;
there are different planning criteria, funding ratios '
{federal-loeal), and approval processes for highway and -
transit projects; state departments of transportation.
have a lack of commitment to nonhighway projects; and
the problems do not originate only at the federal level,
Barriers to implementation of both LRT and mass tran-
8it projects in general are found in abundance.at all gov- - -
ernmental levels. .

Motor Vehicle and Ped'.éStrian Interface

With Light-Rail Transit

Henry D, Quinby, Consultant, San Francisco, workshop moderator
Lee H. Rogers, Institute of Public Administration, Washington, D.C.,

workshop recorder

Y

The main issue dealt with in this session was the prob-
lem of finding the space within which to develop a
surface-level light-rail transit {LRT) system. It is
necessary to find sufficient, well-located space in the
major corridors of a city if the chalienge of providing
optimal development of LRT is to be met. In the dis-
cussions of this subject, it was indicated that several
American cities have primary and secondary arterial
routes that no longer have as much through traffic as
they used to, largely because of the expanded urban free-
way system. These arterials seem likely candidates for
future deployment of LRT systems.

It was asked how LRT lines could be placed into ar-
terial or other roads of limited width. Discussion re-
lated to the use of medians in highways not built to in-
terstate standards and to the development of side-of- -
road operation with and without vehicle accident barriers.
The use of coupled one-way streets and curb lanes was
also discussed as a way to improve the capacity of urban
transport while minimizing the impact on private vehi~
cles and the owners of abutting property. Restricting
the use of narrow downtown streets to pedestrians and
LRT operation was reviewed,

Every urban comununity must deal with the need for
greater capacity in handling passengers and goods in the
face of the negative aspects of increasing the width of
existing surface transport networks. LRT can provide
a low-cost solution to this problem, since it does not
require a heavy investment in aerial structure or under-
ground facilities. The use of existing or abandoned
railroad rights-of-way and other corridors should be
looked at judiciously and not perceived simply as an ex-
pedient,

LRT alsc provides the best potential for obtaining
surface-level linear parks; it was felt that the concept
of linear parks, as applied in San Francisco and various
European operations, should be reviewed, There is g
great need to introduce planners, architects, and com-
munity leaders to methods of developing linear parks.

The merits of substituting grass or other materials
for the usual ballast-and-gravel or dirt-track founds-
tion was discussed. Outside of mixed-traffic locations

in public streets, it was felt that asphalt and concrete
should be limited in their use because of their rather
dull and uninteresting appearance. Some types of
gravel-and-brickwork and grass rights~of-way were de~
scribed that strike a balance between track-structure
service life and perceived aesthetic impacts. New Or-
leans was cited as an excelient example of heavy land-
scaping of median LRT lines; there are shrubs, trees,
flower beds, and visually attractive landscapes that
blend the uses and the activities of the transport corri-
dor, Such measures reduce the visual and automobile
pollutants within the areas traversed, -

There is some difficulty in placing LRT operation in
existing streets, particularly in cities that no longer .
have street railway operations or laws that effectively
promote LRT, In some cases, public Service commis-
sions have set unrealistically low operating standards
because of their inexperience in regulating this mode.
The use of mixed-traffic lanes was considered accept-
able in outlying areas where congestion infrequently oc-
curred. Within the central city area, preferential treat-
ment through trafiic signals or actual physical barriers
was desired to maintain reliability and productivity for
LRT operations. Speed limits for other powered vehi-
cles were considered to be applicable to LRT vehicles
within the street as long as the velocity was not more
than 70 km/h (40 mph),

The participants agreed that standards for grade sep-
aration of LRT at principal perpendicular avenues and
arterials should be developed. If LRT systems operate
at headways of up to 6 min, there seemed to be little dif-
ficulty in maintaining surface-level crosging of principal
arterinls. In the case of interstate highways or exXpress-
ways, more expensive solutions would be required, LRT
has the ability to use variable speeds or to dampen itg
performance when required to do so by other considera-
tions, although the latter should be extremely limited
since greater reliability is considered a specific asset
of this technology. However, in mall operation, for ex-
ample, LRT should not be operated at speeds higher than
24 km/h (15 mph); there are various methods to enforce
such speed limitations. In mixed traffic, some physical
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barriers are reguired when there is a high incidence of
property damage due to conflicts at intersections or
junction points. . ' : o

The criteria for spacing the actual crossing of LRT
lines by both pedestrians and motor vehicles were re-
viewed. Pedestrians can be handled in a variety of
low-cost and effective ways. European experience in-
dicates few safety problems with pedestrians in any
state of physical or mental alertness. With respect to .
motor vehicles, the spacing of crossings depends on
iocal circumstances. The volume of average daily traf-
fic and peak-hour traffic on both highways and the LRT
jine would have to be considered to competently defer-
mine the spacing necessary. Objections to numerous
street closings should be met by pointing out that this
measure limits or restricts the movement of through
traffic in the inner portions of neighborhoods, Although
it does restrict some local trip operations, its value to
the community lies in the channeling of through traffic
to the major corridors that are provided. Regulations
designed for the control and operation of LRT in a vari-.
ety of urban settings must be developed. Although Cali-
fornia's Public Utilities Commission is currently draft-
ing such regulations, these should probably not be the
basis for national standards.

The community and the traffic engineering profession
have in LRT a mode that has a very limited impact on
the urban fabric and street network. LRT systems can
preempt traffic flows in a manner that does not create
sizable congestion problems. The use of European
tramway and light-rail standards can permit major sav-
ings in capital and operating costs. Dusseldorf, Cologne,
and some of the Rhine-Ruhr cities were cited as ex-
amples of cities where such standards can be observed.

Strategies for protecting level crossings were re-
viewed, The participants concluded that the maximum
design standard for grade-crossing protection should
be class 1 railroad gate procedures. Both the regula-
tory authorities and the operators and union personnel
may seek stricter protection of grade crossings, but
this iz mainly because they are unfamiliar with methods
of deploying modern LRT operations.

Cities that initiate totally new LRT operations should
undertake major driver-education measures on how to
make left turns in the face of LRT operations, It may
be politically and socially possible in some communities
to restrict left-turn operation at low-volume intersec-
tions. Where major left-turn movements will be gen-
erated, proper traffic engineering criteria should be
used to minimize poiential conflicts, In effect, a dual
method of traffic signaling for through traffic and light-
rail vehicles should be made. Left turns should not be

Intermodal Integration

Brian E. Sullivan, British Columbia Ministry of
Municipal Affairs and Housing, workshop
moderator

Christopher Lovelock, Harvard School of
Business, workshop recorder

Intermodal integration is successful in situations in
which there is ease of transfer, compatibility in schedul-
ing, and carefully designed and located facilities. A fare

* . madé from locations on the track 'structﬁré;- special lanes-

to the right of the track should be provided if sufficient
widths are available, ) . L )
Within the corridors served by LRT, special evalua-.
tions should be made for feeder bus services to terminal
stations and intermediate stops. . In the alternatives i
analysis evaluation, planning should determine what per-
centage of the corridor residents or potentisl transit '
ugsers would be directly served by the LRT line and what

percentage by a feeder bus operation., In many European -

cities, more than 70 percent of the central city popula-
tion resides within 400 m (1300 ft) of arterial public..
transport services, In cities like Hannover, Cologne,
Dusseldorf, and Essen, such a percentage more fre-
quently resides within the influence area of LRT lines,
Bus and LRT transfer areas need careful planning and
continual evaluation of the needs of all types of passen-
gers. Direct cross boarding between bus and LRT
could be provided and, depending on climatic conditions,
covering or heating should be maintained.

In light of the difficulties that Santa Clara County,
California, has had in proposing rail alignments for
LRT operations, it was concluded that more informa-
tion should be gathered on the institutional and regula-
tory aspects of joint LRT-railway operation along com-
mon rights-of-way and on common trackage. Although =
former street railways had dual operation and interar-. -
ban routes frequently had freight-train and light
passenger-car operation, current vestiges of such sys-
tems do not have these dual purposes today. Examples
in Germany, Belgium, and California indicate that such
sharing of trackage becomes legally much more difficult
than has been appreciated, Handling of accidents and
aspects of liability and maintenance should be further
documented to aid the advancement of LRT technology.

Finally, the requirements for handling elderly and
bandicapped patrons with LRT systems was reviewed.
The most significant problem identified was passenger
loading on street levels with and without high platforms.
Although the Boeing Vertol light-rail car has a proposed
wheelchair lift, it was indicated that such a lift was not
able to relate adequately to normal, narrow pedestrian
and passenger platforms unless the width is doubled.

A pervasive theme throughout the workshop dealt with
the trade-offs between reduced physical, design, and
cost alternatives, including more at-grade (or surface)
operation, some mixed-traffic operation, and selective
single tracking, on the one hand, and on the other hand,
reduced LRT performance characteristics and operating
economy and increased interference, conflicts, accidents,
and so on.

structure that supports transfer is equally critical. Inter-

modal integration is especially important to light-rail
transit (LRT} because LRT will never be the sole trans-
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portation mode in an area; it must be one part of a fam-
ily of modes that serves an urban ares,

It was observed that there is no simple solution to
the problem of modal transfer, The facility design, for:
example, depends on whether the transfer point serves
a distribution or collection function. The size of the
passenger volume involved is-equally important,

Two schools of thought were identified in regard to
the layout and. functions of transit systems in metropoli-
tan areas. One holds that there is only need for ser-
vices that run point to point (a radial system) without
transfers. The other holds that, in a comprehensive
service (a grid system) for a metropolitan area, there
are too many trips that have too little volume to permit
ali-day point-to-point service and that, therefore, some
transferring is essential. Further discussion of this is-
sue centered on two points. First, in the United States
a transfer has a negative consumer connotation because
in recent years the use of transfers has not been well
executed; there are a few cities in Canada in which they
have been handled well. Second, pricing is very impor-
tant in making transfers acceptable. In addition to fi-
nancial disincentives, it was also felt that inclement
weather and the fear of erime deterred the use of trans-
fers.

The idea of time as a factor in choosing whether or
not to take advantage of a transfer was also discussed,
This is important in facility design in termns of provid-
ing = dispersal function for two modes that have differ
ent headway characteristics; i.e., if one mode is de-~
layed, the transfer is missed, and the transfer ride is
lost, The particular circumstances in local situations
should be the factor that dictates the facility require-
ments. How quickly people can be moved from one
mode to another may determine the success of the de-
sign. If a large volume of people must be moved through
a transfer point, grade separation may become a major
means of making transfers workable and attractive to
riders. However, in other settings it may not be needed
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at all: It depends entirely on the make-up and match of.
the headways involved, Reliability is seen ag critical,
-It was observed that in Europe one mode is selected:
to serve one particular travel desire and other modes
are coordinated with it.” In the United States, United:
Kingdom, and Canada, bus and rail usually compete, -
but this depends on local circumstances. . One partici~.
pant stated that in Boston, for example, the commuter -
bus competes with the commuter rail because of their.
bases in historic services. - Before the Massachusetts.
Bay Transportation Authority (MBTA) owned both, - they .
competed; now that MBTA owns both, they still compete.
In Cleveland, before the rapid transgit system was estab-
lished, the buses operated several express services di-
rectly into the central business district {CBD). Now that
the buses turn back at the rapid transit stations, many
patrons were lost and have still to be regained.  In the
case of Toronto, there were never large express sur-
face services into the CBED. Participants stated that
many communities are beginning to realize the dtility
of having two services, : S . E
It was felt that damaging competition was the result
of organizational in-fighting and that the United States -
has not been very sophisticated in terms of finding ways
of constructing incentives within the marketplace for co-
ordination and cooperation between competing operators.
The growth of federal programs. that subsidize operations
should permit the development of ideas that support co- -
operation. Furthermore, there has been a tendency in
the last 10 years to believe the solution to this problem .
lies in the acquisition of the competing operators and
their consolidation into a larger and larger operation -
under public ownership. It was felt that this creates
larger and more difficult management problems. It is
more difficult to promote coordination in operations that
cover a large area with thousands of buses but have z
VEery narrow range of management control. More atten-
tion should be given to finding ways of creating incen-
tives for the operators and looking for new markets.

Sophistication and Complexity Versus
Economy: The Problem of Gold—Plating

Tom E. Parkinscn, Transit Services Division, British Columbia Ministry of

Municipal Affairs and Housing, workshop moderator

All aspects of overdesign were considered in this work-
shop session. Overdesign is not necessarily bad if it
attempts to increase reliability, extend component life,
or reduce maintenance; it can also improve public ac-
ceptabilily, reduce energy consurnption, and lower noise
levels. The problem is to distinguish between good de-
sign that advances the state of the art in a cost-effective
way and unnecessary overdesign,

In view of the limited experience with new light-rail
transit (LRT) systems in North America, how can one de-
fine overdesign? It was proposed that the experience in
heavy-rail transit over the last 15 years could in part
be extrapolated to LRT. Furthermore, overdesign is
often introduced early in the planning stages when sys-
tem designs for civil engineering, railroad or rapid
transit power supply, signaling, and fare collection-are

being selected; e.g., LRT in Buffalo was burdened with
inefficient fare collection, and subway standards were
applied to signaling and power supplies on Toronto's
Scarborough line, It was stated in rebuttai that the Ur-
ban Mass Transportation Administration {UMTA) applied
sufficient monitoring and safeguards to avoid blatant
modal bias in alternatives analysis. In Toronto, the ex-
tra costs of applying subway standards are only a small
proportion of the estimated total cost and represent the
engineer's desire to be conservative and to ensure that
the system can be built within estimates. The objection
was raised that others, seeing the high quotes for To-
ronto's signaling and power supply systems, would be
suspicious of the lower estimates in their own studies,
despite the fact that actual costs in Edmonton, for ex-
ample, are less than half Toronto's for power supply
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and one-third for a functionally similar signaling system.

The discussion ended with statements of the need for
plamners, engineers, and economists fo work together
more closely in the design stages of an LRT system..

A vigorous discussion that centered on signaling re-.
ferred to Burgin's paper in this Report recommending .
against any move away from relay logic, A supplier '
stated that proven, cost-effective solid-state signaling
compenents are available and should be used. Several .
participants contradicted this; they noted.that what a
supplier regards as proven and cost-effective on the
test bench often turns out.to be a technical and economic
disaster in the extremely adverse environment of urban
rail transit, This led to comments on the unfortunate
process in a small industry whereby much of the learn-
ing curve for innovations takes place in revenue service,
where problems directly affect the quality and reliability
of daily service, Despite the best intentions and the
availability of such testing facilities as those at Pueblo,
constraints of time and money dictate a situation in
which components can often never by truly tested ex-
cept in the rigors of daily revenue service, The need
for any signaling at all was addressed by comments that
Chicago had a better safety record when the rapid tran-
sit system was mainly under visual control than it does
now with a full signal and communication system, The

. moderator pointed out that this was not a fair compari-
son since it is no longer possible in the 1970s to select,
train, supervise, and discipline operators in the way
that was possible in previous generations.

The signaling discussion ended with the suggestion
that we will soon be able to compare actual systems.
Next year Edmonton opens its LRT line with a low~cost
relay logic system that uses European rather than Asso-
ciation of American Railroads (AAR) standard compo-
nents and signal-light aspects, while the San Francisco
Municipal Railway (Muni) will start operating a cab-
signal gystem that will have hybrid components (i.e.,
some solid-state devices). In the near future, the ap-
proved and funded Calgary LRT proposes to build some
sections of line that have no signaling at all, while To-
ronto's funded Scarborough LRT line proposes to use
AAR subway signaling standards.

The discussion on gold-plating began with its defini-
tion as spending more than is needed to do the job and
went on to explore UMTA's, consultants', and opera-
tors' attitudes toward gold-plating. UMTA was de-
fended as rightly wanting to advance the state of the art,
but workshop participants felt that UMTA also had a de-
sire for high technology for its own sake. Some regarded
consultants as having a vested interest in increasing the
civil engineering costs, since their fees may be set on a

percentage basis; others defended consultants: since théy .

often only follow their clients' wishes, Operators may
have no financial investment in a system that has 20 per-’
cent local and 80:percent federal funding. The decision
makers within the operator's management may not con-
gult with those who would operate and maintain the over-

~ designed system. However, UMTA was: regarded as

having effective control over most such abuses. . It is
understandable that the consultant and his. client have
preference for the easiest rather than the cheapest solu-
tion to certain design questions.. For example, itis .-
easier to build a grade separation than to negotiate with
traffic engineers and public utility commissions for-a
controlled grade erossing at which LRT is not impeded.
by severe speed restrictions or the fear of having even '
the smallest negative impact on automobile flow,
Overdesign was discussed with respect to portions -
of Muni, the Washington Metro, and Los Angeles' per-
ennial proposals for rapid transit in which only the
best would do. Comments were made that a city would -
hardly accept LRT with grade crossings if it thought O
there was a chance of getting a fully grade-separated -
rapid transit system. .
Chopper control was discussed at length. In sum-~
mary, it was felt that UMTA had mandated chopper con-
trols in the standard light-rail vehicle but that claims
for energy and maintenance savings with choppers had -
been overstated. It was agreed that well-maintained re-
sistive controls are as smooth as chopper control except
on trolley coaches and that starting-power losses were
lower than expected; in many cases, this loss can be
used to heat the car interior during the colder months.
The more skeptical, conservative European approach
was discussed and several participants speculated that -
in the next decade alternating~current motors with suit-
able power conversion would supersede both resistive

~ and chopper control.

A discussion on the merits of power collection by
means of pantographs or trolley poles failed to reach-
any conclusion, Each has several advantages and dis-
advantages, and the workshop was split into two camps.

In summary, it was apparent that the participants
were aware of many mistakes during the past decade in
LRT and rapid transit planning and design that can be
attributed to gold-plating. They were uncertain who
was in charge to ensure that the lesson had been learned
and that the mistakes would not be repeated, The con-
cept of LRT as an application of proven technology does
not mean that advances are not desirable. The problem
was in determining in the long run which advances are
necesgsary or desirable and are cost-effective.




