August 26, 1960 V {

Messrs. A. J. Eyraud, Chairman
Fred S. Dean, Vice-Chairman
Don Belding, Member
N. (Nat) R. Dumont, Member
Mortimer W. Hall, Member
Carl P. Miller, Member
Arthur J. Will, Member
Los Angeles Metropolitan Transit Authority
1060 South Broadway
Los Angeles 15, California

Re: Rapid Transit Program
Gentlemen:

We are pleased to submit herewith our report on the investigations and
engineering we have accomplished for a Rapid Transit System for the
Los Angeles Metropolitan Area. This work has been carried out pur-
suant to the terms of our Agreement of November 3, 1959, which called
for a comparative analysis of types of transit systems, recommendations
for alignments and station locations within the four transit corridors
previously selected, the development of engineering and cost data, and
the preparation of planning estimates of construction cost sufficient to

indicate the magnitude of the financing problem.

We have been asked to proceed toward .a system which would be the most
economical to construct and operate, thus attempting to fulfill the require-
ment of the Authority for a self-liquidating system, which might be built
within the limitations of revenue bond financing. In all cases, our recom-
mendations have been made on the basis of the most economic engineering

alternate.

This precept has had a significant influence in the choice between subways

and overhead facilities.

Section I of this report is the summary of major findings and recommenda-
tions which were previously submitted as a separate summary report.

The balance of the report reviews in more detail the various alternates

of system and route that were investigated during the course of the pro-
gram. An Appendix, which contains further reports on specialized

aspects of the program, will be submitted separately.

We should like to gratefully acknowledge the cooperation and assistance
of the many agehcies and individuals who have helped us to bring the
program to this point. We sincerely appreciate the opportunity to carry
out work of such fundamental importance to the future of the l.os Angeles
Metropolitan Area, and we stand ready to assist in the future work to be

-

done.

Respectfully submitted,
DANIEL, MANN, JOHNSON, & MENDENHALL

Do bt

van F. Mendenhall,
President

Daniel, Mann, Johnson, & Mendenhall Planning/Architecture /Engineering 3325 Wilshire Boulevard/Los Angeles, California
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Major Findings and Recommendations

The Los Angeles Metropolitan Transit Authority, before
proceeding with the rapid transit program, posed three
basic questions and put them to us for answer. These

questions, in brief, ask:

What Shall We Build?
Where Shall We Build It?
How Much Will It Cost?

These questions are, of course, highly important to the
community and answers were required before the
Authority could proceed to establish the over-all feasi-
bility of providing a rapid transit system for the Los
Angeles Metropolitan Area.

At the outset of this Summary Report, we present our
specific answers to the three questions posed. Thereafter
we present, in this section of the report, other conclu-

sions and recommendations of a supplementary nature.

1. What Type of Rapid Transit System
Shall the Authority Build?

We recommend to the Authority for main line rapid
transit service a system of supported transit vehicles
running on rubber tires on concrete tracks. For conven-
ience, we have referred to this equipment as the “Metro”
system. This equipment is found to be the most adapt-
able to the alignments and conditions developed in our
engineering investigations. This system would be the
first use of rubber-tired rapid transit vehicles in the
United States and would be truly unique in its ability
to provide large numbers of transit patrons a fast, com-

fortable, quiet and convenient ride.

The “Metro” system would be one of the first truly
rapid transit systems in the world, and it would offer

important time savings over existing methods of travel.

The “Metro” equipment is an advanced concept of a

lightweight high speed vehicle of ultra-modern design
operating on pneumatic tires with a minimum of sound.
The exterior appearance of the vehicle is indicated on
the frontispiece and details of the tracks and running
gear are shown in the body of this report. The cars
would comfortably seat 54 people with ample room for
standees and could be coupled together to make up trains
of two to six cars or more. Having a completely auto-
matic control and operation system and special safety
features, the “Metro” is designed for complete safety at
operational speeds, which would reach 80 miles an hour.
While the automatic equipment is capable of unattended
operation, it is felt that having one attendant per train
to serve passengers and to take over in case of emer-
gencies is desirable. The cars are to be air conditioned

and powered electrically.

In determining the type of rapid transit system con-
sidered most suitable for use here, many types of rapid
transit equipment were investigated and the three most
suitable types were analyzed in detail. These three sys-
tems included two monorail systems (suspended and
supported) and the supported “Metro” system. We have
concluded that any of the three could be successfully
adapted to the Los Angeles Metropolitan Area.

While the suspended monorail is in an early develop-

ment stage it has a number of interesting advantages.

Our cost comparisons, however, indicated the suspended
system would be more expensive than the two supported
systems. The supported monorail system requires the
least overhead structure of the three and for a substan-
tially overhead operation, would be the least expensive
in initial capital cost, although higher in maintenance
cost. The supported monorail has several problems in

switching and car mechanism which present complica-

tions, but which we believe can be satisfactorily solved.

The “Metro” system is the least expensive for the
recommended alignments, 35 percent of which allow
for operation at grade (ground level). The “Metro” has
several important advantages, particularly in its ability
to run economically not only overhead, but also at
grade and underground, thereby providing greater flexi-
bility. Also, with its auxiliary steel wheels, it is capable
of running on standard gage steel rail lines. All things
considered, we favor the “Metro” type of equipment for

the alignments and conditions outlined herein.

For future distribution of passengers within the Central
Business District (CBD), several types of systems are
available or under development. For the purposes of our
analysis and cost estimates, we have projected the use
of the Stephens-Adamson Carveyor System operating
on an overhead structure. This system utilizes small
8-passenger cars operating at an average speed of 15
miles per hour with cars slowing to pick up passengers
on a semi-continuous basis at every station stop. These
station stops can be located every 600 feet and can be
designed to channel traffic either through adjacent build-
ings or directly to the sidewalk.

Any permanent secondary system must be grade-
separated from pedestrian and vehicular traffic and
should be located overhead, probably over sidewalks, to
best connect with an overhead main line rapid transit

system. The same equipment can also be operated

through small subways, although this type of construc-
tion is considerably more costly than the overhead. The
Lockheed Aircraft Company is also developing a second-
ary system which offers some advantages and will
probably be usable.

The equipment to be used for secondary distribution is

entirely independent of the rapid transit system and we
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recommend the final selection of secondary equipment
not be made until the time the “Metro” system is con-
structed. Then, advantage can be taken of the latest
equipment developments. Alternatively, it is also pos-
sible to provide interim distribution service in the Cen-
tral Business District by using standard motor buses on

exclusive bus lanes.

2. Where Should the Rapid Transit
System Be Built?

Based on the four broad transit corridors recommended
to the Authority by Coverdale & Colpitts (Consulting
Engineers for traffic studies) we have developed recom-
mended route alignments and station locations as shown
on the map on the preceding page. These four lines
extend from the Central Business District radially out
to Covina in the San Bernardino Corridor, Santa
Monica in the Wilshire Corridor, to Long Beach, and
to Reseda.

The routes and configurations were developed as the
combinations most economical to build and operate in
accordance with basic instructions given us by the
Authority.

Included within the recommended alignments are 51.0
miles of overhead in city streets and other rights-of-
way, 21.6 miles of line at-grade along Pacific Electric
and other rights-of-way, and 2.3 miles of tunnel under
private property, making a total initial system of 74.9
miles. The mileage at-grade includes 6.4 miles of con-
verted Pacific Electric line in the San Bernardino Free-
way, which has previously been grade-separated from
vehicular cross traffic. Also included is 10.5 miles of
operation at-grade along the Pacific Electric right-of-
way to Long Beach wherein overpasses would have to

be built to grade separate important cross streets.

Arrangements for the use and development of both of
these lines would have to be negotiated by the Authority
with the Pacific Electric Company.

The “Metro” would serve passengers during peak hours
with average speeds of from 35 to 40 miles per hour
including station stops. This compares with the Los
Angeles peak hour average freeway driving speed of 25
miles per hour, and with the usual U.S. Mass Transit
average speed of 18 miles per hour. During the peak
hours, it would take 27.6 minutes to go from 8th & Hill
Streets in Los Angeles to Santa Monica, 36.8 minutes to
Reseda, 33.4 minutes to Covina, and 31.4 minutes to
Long Beach. With a skip-stop type of operation, these
travel times could be reduced even further in some cases
by as much as 26%.

The recommended alignments make use of city streets
and existing rail rights-of-way. ‘“Metro” operation within
existing rail rights-of-way will best be achieved by con-
verting the existing ties and ballast rail installation to
the dual concrete tracks for the smooth, quiet ride
attainable on pneumatic tires. With the exception of the
recommended alignment in the median of the San
Bernardino Freeway, the transit system cannot make
use of existing freeways, particularly because adequate
space for construction operations and maintenance is

not available.

Within the Los Angeles Central City, we recommend
that the “Metro” lines be constructed above the streets
with single columns located in a narrow center median.
“Metro” lines are recommended to run on 8th Street
and on Main Street with supplementary service pro-
vided by the secondary passenger distribution system in
order to provide for the widest possible transit coverage
of this high density area. A permanent secondary system

would also relieve present street and sidewalk conges-

tion. The analysis of the movement of people within the

Central Business District is a separate problem in itself,

ey i,

and involves the future plans for this area by the

.WW However, certain prelimi-
nary alignments have been projected in order to establish

the probable cost of a secondary distribution system.

Subway construction is entirely possible in Los Angeles,
but would cost from two to three times more than over-
head facilities which provide the same service. A subway
system in the Central Business District and in the Wil-

shire Corridor would have many advantages, and we

However, the predominantly overhead system would be,
by far, the most economical to build and operate, and is
therefore recommended. Overhead “Metro” lines would
be installed with long span beams and single column
construction in order to provide an aesthetically pleas-

ing structure.

3. How Much Will The Rapid Transit
System Cost?

The planning estimate for construction of the initial
74.9 mile four-corridor transit system as recom-
mended is $529,700,000 including cost of rights-of-way
and allowance for engineering and contingencies. This
was prepared on the basis of Southern California con-
struction cost at 1960 price levels. As outlined in the
body of this report, these cost estimates must be quali-
fied because factors of time and budget limit the current
engineering work to that which would indicate the

validity of concepts and magnitude of total costs.

Supplementary Conclusions and
Recommendations

The information presented in the following paragraphs




and throughout this summary report will further expand
upon and support the foregoing basic recommendations

and conclusions.

The Trunk Line Rapid Transit Concept: The transit
system, in order to be effective, must be capable of
transporting sufficient passengers to adequately fulfill
the Los Angeles transit needs in the foreseeable future
(estimated 30,000 passengers per hour per track). The

“Metro” system will definitely meet this criterion.

In addition to the trunk line rapid transit concept as
recommended in the previous studies accomplished by
Coverdale & Colpitts, we have reviewed proposals for a
full coverage system and for a flexible bus system. The
full coverage system would provide a network of sub-
ways completely covering the Los Angeles Metropolitan
area, such that subway stations would be within one-
half mile of any location in the entire area. The flexible
bus system would use express buses on elevated plat-
forms over streets and freeways to provide the transit
service. Whllgghge systems each offer some important

and conditions with which we have been faced.

Transit Development Plans will Require Extension
to the 150-Mile Eight-Corridor System: The > _four-
c“(')rridor 74.9-mile system should be regarded as the

initial phase of the rapid transit system. An eight-

.
corridor 150-mile system will be needed in the future,
probably within twenty years, in order to keep pace
with the projected growth of the Metropolitan Area. A
development plan for this 150-mile system is shown
within the report. This plan shows that in addition to
the first four rapid transit routes, future corridors will
be needed to Santa Ana, to Inglewood, to Pasadena, and

to San Fernando via Glendale and Burbank. Further

mileage can continue to be added to this 150-mile sys-

tem as user demand to additional areas increases.

Recommended System and Routes Should be
Adopted as the Basis for the Remainder of the
Program: We recommend adoption by the Authority of
the routes and station locations and the “Metro” equip-
ment as the basis for estimates of passenger revenue and
operational costs which the Authority needs to deter-
mine the over-all feasibility of the program. In proceed-
ing, the Authority should make a determination of how
large an initial construction phase will be within the
financing capability of the Authority, based on the reve-
nue and cost information. This will form the basis for
detailed engineering necessary to secure financing and
1itiate construction. The engineering work, to date, has
generally been limited to that necessary to establish the
concept and direction of the program and to provide the

initial planning cost estimates.

Technical Recommendations Included in the De-
tailed Report: During the process of arriving at our
basic recommendations, other alternate routes and sys-
tems were analyzed in detail. Concept designs and cost
estimates were made of the various alternates which
enabled cost and functional comparisons to be made.
While this summary report deals primarily with the
transit system and routes recommended, data on the
alternates is being submitted to the Authority sepa-
rately in the form of a Technical Report along with

other detailed technical material.

We have previously mentioned briefly the two monorail

systems (supported and suspended) studied in detail.

They represent the most highly developed of the many

“monorail” types proposed by inventors and proponents.

We have indicated in this report some details of the
structure and equipment required by the other two sys-
tems. In the Technical Report, a great deal more infor-
mation is being provided along with comparative
advantages and disadvantages of applying each of the
three systems to Los Angeles requirements. The Techni-
cal Report also contains detailed information on con-
ventional steel-wheeled transit vehicles together with a
comparison between rubber tires and steel wheels for

rapid transit service.

In regard to the routes, a number of alignments were
originally evaluated within each of the four corridors. A
minimum of two alignments were then selected for a
more detailed investigation and comparison. A cost esti-
mate was prepared for each of the two most promising
alignments and from this comparison, we developed the
recommended routes having the least cost. Plans and
profiles are included in the Technical Report for each
recommended route, as well as for the other alignment
considered. A thorough analysis was made of various
means of subway construction in order to make a proper
comparison with the cost of ovethead facilities. Alter-
nate concept designs for subways and underground sta-
tions were developed for the Los Angeles Central
Business District and for the Wilshire Corridor utilizing
the most suitable modern techniques of subsurface

construction.

Data from these analyses together with information on
special equipment and acoustic studies, and layouts of
stations and facilities, are included in the Technical
Report.

The remainder of this summary report elaborates on the
more important results obtained during the initial engi-
neering phase of the program, and includes further

descriptions of the system and routes recommended.




Transit System Equipment

The drawing on the right illustrates the concept design

of the supported dual-track or “Metro” system which is

recommended as the system most adaptable to the

alignments and conditions existing in the Los Angeles

Metropolitan Area. This system consists of supported
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lightweight transit vehicles running on rubber tires on
two concrete tracks. Auxiliary steel wheels of standard
gauge spacing would be incorporated as safety wheels.
These flanged steel wheels would come into use also for
switching operations in conjunction with standard rail
switches. While such equipment is not presently used in
the United States, it has ample precedent in the rubber-
tired equipment used and operationally tested on the
Paris subways since 1952.

The design represents a composite of conventional train
practice combined with bus and air frame techniques.
It is conceived as the fastest and lightest weight transit
vehicle in the United States and yet it would be a very
quiet system and one which would combine a high
degree of operational safety with its high-speed capac-
ity. It would enable maximum speeds of up to 80 miles
per hour to be attained and with one-mile station spac-
ings would provide an average speed of about twice the
average speed of existing transit systems in the United
States and abroad. Such average speed would be at least

40% better than the average speed which can be attained
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on the Los Angeles freeways during peak hours.

Equipment Systems

In arriving at our decision to recommend the ‘“Metro”
system, we have conducted a broad search of existing
and proposed transit systems in the United States and
abroad. After an initial screening of a number of these

systems, we chose three for detailed investigation and

comparative analysis. These three were:

1. A supported dual-track system similar in some
respects to the experimental rubber-tired equipment
in use in the Paris subways and elsewhere in Europe,
examples of which are shown on page 8. From this
evolved the design of “Metro” system.

2. A supported monorail or mono-beam system (saddle-
bag) similar to the Disneyland ALWEG monorail
system in Anaheim, California, and similar to a type
proposed by Lockheed Aircraft Company.

3. A suspended monorail or mono-beam or split-rail sys-
tem similar to the new S.A.F.E.G.E. monorail test

installation recently built south of Paris.

The results of this investigation show that any one of
the three systems could be applied in Los Angeles. How-
ever, the suspended system showed greater cost as com-
pared with the supported systems. It poses some
problems in sway control which require further develop-
ment work and testing. The switching of suspended
cars, as with the saddlebag, requires a more complicated
solution than with the Metro system, which uses a con-

ventional switch.

The decision as to which of the supported systems
should be favored is difficult. The saddlebag system is
only slightly more expensive than the Metro system for
the recommended alignment and if more overhead oper-
ations were included, it would be less expensive. The
saddlebag system requires the least cross section of sup-
porting beam (at some penalty in length of clear span)
of any of the systems, which would make it the easiest
to use in certain locations. However, there are several
drawbacks in the mechanical equipment used for this

system which have as yet not been entirely overcome.

With all things considered, it was felt that while the
saddlebag system offers a number of advantages, the
Metro system with its more advanced state of develop-
ment and greater operational flexibility should be
favored.

Pneumatic Tires and Air Suspension

It is recommended that the system use pneumatic tires
for guidance and support for several basic reasons.
Research of the noise control problem indicated that
steel wheels would be at least 50% more noisy than rub-
ber tires. Rubber tires would produce sounds not greatly
different from those already experienced along most of
the routes recommended. In addition, sustained grades
of as much as 6% are encountered along some routes and
in corridor interchanges, and the increased adhesion of
the rubber tire is needed to provide reasonable accelera-

tion and safe braking under these circumstances.

The use of rubber tires will require some additional
power over that required by conventional transit vehicles.
However, our analysis shows this to be less than 5%
before taking into account the savings in power costs
resulting from the low weight of the vehicle made pos-
sible by the use of pneumatic tires. This savings in
weight may amount to as much as 20%. Thus, the dif-
ference in power requirement is not regarded as signifi-
cant, considering the many advantages brought about
by the use of pneumatic tires.

Along with the investigation of rubber tires, considera-
tion was given to the potentialities of the new “ground
effect” or air suspension vehicles for transit service.
While these vehicles offer the challenge of speed with-
out wheels, they are so new and untried that their

application and operational characteristics cannot be







evaluated. They must use substantial way structures
incorporating support tracks and the jet or propeller
propulsion systems generally proposed would be unsuit-
able for transit service. They would require substantial
amounts of power for lift and although a magnetic pro-
pulsion system could be devised, it will be some time
before the over-all economics of air suspension can be
adequately appraised.

Safety

The concept developed for the Metro transit vehicle is
based on special design incorporating safety features,
many of which are not normally found in transit service.
One of these features provides insurance against the
vehicle’s overturning or leaving the structure. The
vehicles are provided with tire pressure indicators to
detect any low pressure in the tires, although the Euro-
pean experience has shown that there is little problem
with flat tires and no problem with blowouts. The
flanged steel safety wheels are provided to be used if tire
trouble does develop, at which time the steel wheel
would engage a steel running track. They would also be
used for switching on conventional switches. The broad
width between the rubber tires provides for more stabil-
ity against wind loads and this is combined with a low
center of gravity design of the vehicle which further
insures stability. Guidance is provided by horizontal
pneumatic tires bearing against a raised center section
of the structure. This design is shown in the accompany-
ing illustration. Incorporated into the raised center sec-
tion will be a positive derailment stop which, while
permitting normal movement of the vehicle, would
engage a projecting portion of the vehicle undercarriage
if any tendency toward overturning or derailment devel-

ops. This projecting portion or shoe would also act as an
emergency brake under these conditions.

Because of the requirement for maximum safety in the
operation of high-speed equipment, a system of auto-
matic control has been conceived, thoroughly investi-
gated and is now recommended. Such a system would
enable high-speed operation with headways of as little
as 60 seconds and would provide for positive speed con-
trol through curves, switches, and other critical points.
While such a system would be of new application to
transit service, it may be composed principally of stand-
ard components already developed and a fail-safe,
reliable system is entirely feasible and practical. This
combined with the other safety features used will make
possible completely safe operation even at the high
speeds contemplated.

Vehicle Design

The concept design for the Metro transit vehicle is based
on an over-all vehicle length of some 54 feet, seating at
least 54 passengers and an approximate empty weight of
30,000 pounds. While this would be regarded as an
advanced and unique vehicle by current standards, its
practicality has been confirmed by extensive engineering
analysis, as well as by representatives of the aircraft
industry and transit car builders. Airframe manufactur-
ing techniques may be used to secure this lightweight
concept. While the lightweight concept causes some
increase in cost, over-all economy would result due to
the saving in way structure made possible by the reduc-
tion in weight of the vehicle. In addition, the lighter
weight affects savings in power consumption.

The vehicle is designed to incorporate the most modern

features of appearance and equipment and makes use of
large glass areas to provide an appealing view for the
passenger and to make the vehicles as pleasing in appear-
ance as possible. The design for the vehicles provides for
air conditioning. Easy access in and out of the cars is
provided by three sets of double doors on both sides of
each car. This will permit either center or side platform
loading. The cars have end doors for emergency use.
Adequate aisle and door space allows rapid movement
of passengers at stations and to accommodate standees.
The cars would be semi-permanently coupled together
in units of two and operated in trains of 2, 4, 6 or 8 cars.

Dynamic braking would be used, but regenerative brak-
ing is not recommended. At lower speeds, disc brakes
would be used and special emergency brakes would also
be furnished. We recommend that 600 volt direct cur-
rent traction power be used with four 125 horsepower
electric motors per car. Other power systems were ana-
lyzed, including the use of alternating current, and were
found to be not as economical and advantageous as the
conventional 600 volt direct current system. Power
would be supplied to trains by means of a contact rail
with a negative return which would not be grounded.
The power should be purchased from existing sources
at specified points but the Authority should construct
its own power distribution facilities for best over-all
economy.

Summary

The Metro equipment recommended represents the best
possible combination of modern design and proven per-
formance. The system is adaptable to use in subways,
at-grade level, and on overhead structures. It can oper-

ate over existing railroad tracks and can use conven-
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tional switches. The nine years of operation in public
transit service of similar rubber-tired equipment in the
Paris subway has proven the feasibility of this concept
to the point where the entire Paris system is being con-
verted to this type of equipment. The City of Milan,
Italy, after an extensive system study, is designing its
new rapid transit system to utilize supported rubber-
tired vehicles similar in many respects to those used in
Paris. While this equipment is not yet in operation, it is
indicative of the interest in utilizing the advantages of

pneumatic tires.

With the attributes of speed, comfort and convenience,
offered by the recommended system, it appears to us
that the Metro system would be readily accepted by the
Los Angeles commuter. The system operation table

given elsewhere in report will indicate to potential

patrons the time savings offered by the system.
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Transit Facilities

This portion of the transit system includes way struc-
tures, stations, storage and maintenance facilities and
accounts for a major portion of the cost of the over-all

transit system.

The necessity for costly way structures arises from the
fundamental need to provide a grade-separated transit
system. This is the only way a truly rapid transit sys-
tem can be secured. A transit system, unlike freeways, is
quite limited in the choice of available routes. Since it
must provide revenue based on service, it must follow
routes where maximum patronage can be assured, and
therefore must penetrate areas of business, industrial,
commercial, and other higher density land uses.

Because of these circumstances, the combining of rapid
transit with freeways is not always advantageous. In
many cases, the freeways are located away from the bet-
ter transit service areas in order to minimize right-of-
way costs. In addition, the placement of rapid transit in
existing freeways not having original provisions for
transit creates many problems. Most of the existing free-
ways have rather narrow medians and although a single
column overhead structure could be placed therein, oper-
ation upon such a structure would create a dangerous
distraction on the freeway. Also, access for construction
and maintenance would be difficult or impossible. The
San Bernardino Freeway, however, was planned origi-
nally to include transit in an extra wide median and
therefore provides an existing grade-separated facility

ideal for transit use.

Aside from the San Bernardino Freeway and existing
Pacific Electric rights-of-way, which are special cases,
the existing street system is generally the most logical

location for rapid transit. The successful location within

street right-of-way provides a most economical solution,
not only minimizing the cost of right-of-way acquisition
but also maintaining all possible valuations intact
(rather than removing property from the tax rolls
through costly acquisition of private rights-of-way). The
choice to be made then is whether to build the system
under the streets (subway) or above them (overhead),
since in each case the service provided would be the
same. In deciding which configuration to use, the differ-
ence in cost between the two becomes a most important

factor.

Configuration Analysis

In order to insure that estimated prices of underground
facilities were based on the best and most economical
construction techniques, as applied to specific conditions
to be encountered in Los Angeles, special investigations
were conducted. In this respect, the geology of the area
was evaluated to determine if subsurface conditions
might be especially favorable to one method or another.
In addition, tunnel construction techniques were ana-
lyzed to ascertain the system most favorable for Los
Angeles. This work, conducted in conjunction with our
Associate Consultant, Mason & Hanger-Silas Mason
Co., Inc. and LeRoy Crandall & Associates, resulted in
an actual comparison between conventional tunneling,
cut-and-cover methods recently developed for large
storm drain and sewer work in Los Angeles, and new

European methods of subway construction.

While there is seismic activity in Southern California,
this seismic activity is usually not associated with move-
ment in the upper surfaces, and therefore, subways can
be built without fear of seismic disruption. However,

subways will cost from two to three times as much as

the overhead facilities, depending upon the location and
subsurface conditions. Regarding construction time and
interference with street traffic during installation, the
overhead system offers important advantages over the

subway.

The Authority, because of its enabling legislation and
financing limitations, has sought the configuration most
economical to construct and operate. The Authority is
vitally concerned with the many effects of the transit
system upon the community through which it passes,
and also must provide a system with maximum appeal
to the user. These criteria indicate the desirability of
quiet equipment, running on a graceful, predominately
overhead structure, except in areas where operation at
grade is possible. A short section of tunnel is used in an
area where city streets are not suitably oriented and it
is more economical to build underground than to acquire

private right-of-way.

Our recommended system includes 2.3 miles of tunnel,
21.6 miles of at-grade and 51.0 miles of overhead. This
particular route system was chosen because it appears
to provide the best combinations of service and eco-
nomic feasibility in the light of the information at hand.
Further detailed engineering on the routes will be
required to finally confirm the choice of various align-

ment alternates.

Design Approach

With a system containing a substantial amount of over-
head facilities, it becomes particularly important to
insure that the design of these overhead facilities meets
all the best possible criteria for modern structures. Uti-

lizing modern, lightweight transit vehicles makes it




———

Typical Single-Track Tunnel Structure

Typical Structure for Operation at Grade

Q BEAM WAY

GRADE LINE ——

Typical Structure for Overhead Operation

SYM

BEAM wAY §

-

o7 |

-._r-_,n_

/

SUPPORT TOWER ARM /
P
DIA, s
e
™~
b
2
SUPPORT TOWER COLUMN et
r - PAVEMENT LINE ‘

Concept of Overhead Way Structure

12



13

possible to design clean, pleasant-looking, long-span
structures to carry attractive equipment which will pass
virtually unnoticed by pedestrians and neighbors of
the Metro.

The design shown for the recommended Metro system
uses reinforced concrete construction. For actual con-
struction, it would be desirable to provide additional
designs in detail and to take alternate bids on reinforced
prestressed concrete and on steel construction. The sec-
tion shown for use with the Metro system can utilize
mass production precasting techniques, and with its sin-
gle column construction, will occupy a minimum of
space within a street. The accompanying illustration
shows the outline of the way structure required by the
several configurations of overhead, grade, and subway.
It is necessary to provide at least 14 feet minimum

clearance over public streets for safe motor vehicle oper-

ation beneath the transit system and at least 23 feet

clearance when crossing over railroads.

Stations

Stations were classified into three major types: (1) Cen-
tral Business District stations, (2) Medium density sta-
tions, and (3) Low density stations. Each of these has
separate criteria and requires different treatment. It is
recommended that the central platform type of station
be used since, in general, it occupies the least space and

provides for the most efficient fare collection operation.

Also, the center platform provides flexibility of opera-
tion in that transfers may be made directly across the
platform, and duplication of access stairs and escalators
are not required for peak loads as would be the case for

separate side platforms.

The accompanying concept illustration depicts one solu-
tion to the problem of locating a rapid transit station
within the Central Business District. This design
includes provision for a secondary distribution system
for easy transfer of passengers and maximum dispersal
of transit traffic, thus minimizing sidewalk congestion in

the vicinity of the station.

Station platform length has been established at 448 feet
for Central Business District stations to accommodate
anticipated growth of the system to a maximum length
of eight-car trains. This length of station is greater than
the normal short city block and therefore the station
must be considered as a major feature of the street in
which it is located. Medium and low density station
platforms will be approximately 336 feet in length with

provision for future extension to 448 feet. This provision

will permit reasonable growth of the system and yet

allow reduced first cost.

Several means of automated fare collection are available
and our costs estimates make provision for a satisfac-

tory installation.

Maintenance and Storage Facilities

In order to furnish sufficient data for pricing the over-all
system, layouts, preliminary designs and estimates were
made for maintenance, and storage facilities for the
rapid transit vehicles. These designs provide for termi-
nal storage and light maintenance at the ends of the
four corridors with the major maintenance work to be
handled at the Macy Street facility of the Transit
Authority. It is also recommended that this location be
used for the central dispatching and train control

functions.
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On May 5, 1959, the firm of Coverdale & Colpitts, Con-
sulting Engineers, submitted a study of public trans-
portation needs in the areas of Southern California
served by the Authority. The principal objective of this
study was the determination of potential mass rapid
transit routes. Upon completion of the study, they
reported on twelve travel corridors each approximately
2 miles wide, and recommended to the Authority the
following four corridors emanating from the Central
Business District (CBD) as the most promising routes

for initial rapid transit installations.

1. Wilshire—CBD to Santa Monica

. Reseda—CBD via Wilshire and Cahuenga Pass to
Reseda

3. San Bernardino—CBD to Covina

4., Long Beach—CBD to Long Beach

(3=

These four corridors were approved by the Authority
and constitute the basis for our detailed alignment

investigations.

Long-Range Transit Plan

Before proceeding with detailed route locations, a long-
range plan was worked out to insure that initial transit
installations would be compatible with the future
growth of the city and of the transit system. The basis
for this long range plan was the information contained
in the Coverdale and Colpitts report previously men-
tioned. This report considered twelve possible corridor
locations. A further analysis was made to determine
how to provide service into each of the major passenger
generating areas without duplication or overlap of service.
This investigation evolved the 150-mile eight-corridor
Long-Range Development Plan illustrated in schematic

Alignments and Station Locations

form on the opposite page which indicates the four cor-
ridors previously mentioned, and recommends later
development of at least four additional corridors as
follows:

1. San Fernando via Glendale and Burbank
2. Pasadena

3. Santa Ana

4, Inglewood

Each of these corridors would serve to and through the
Los Angeles Central City.

In addition, as traffic builds up in the Wilshire Corridor,
an express line will be needed between the Central Busi-
ness District and the Reseda Corridor. At such time as
these additional corridors are developed, the complex of
rapid transit facilities to and through the Central Busi-
ness District would, in effect, produce a full loop sys-
tem. Thus, a transit patron could travel from any one of
the eight corridors to any other corridor with no more
than one transfer at any one of three principal inter-
change stations. With certain corridors, no transfer

would be required.

The recommendations for specific alignments, station
locations, and other related facilities set forth herein
constitute the rapid transit program which is considered
to be appropriate for development in the first four cor-
ridors of the Los Angeles Metropolitan Area rapid
transit program. The following paragraphs will discuss
the alignments and set forth certain basic factors

involved in station locations.

Central City Area

The Los Angeles Central City becomes, by virtue of its

position at the junction of the corridors, the heart of
the transit system.

For the purpose of definition, we will define the Central
City Area as that section of the city generally bounded
by the Harbor Freeway on the west, the Santa Ana-
Hollywood Freeway on the north, San Pedro Street on
the east, and the Santa Monica Freeway, now under
construction, on the south. The Union Passenger Ter-
minal complex is also included.

During the course of engineering investigations, many
different plans for rapid transit service were analyzed
for their adequacy in providing satisfactory service to
and distribution of passengers within the Central City
Area.

For a multiplicity of reasons, it finally evolved that the
main line transit routes of the initial construction phase
should follow the alignments shown on the accompany-
ing composite aerial photo. This places rapid transit
generally in the middle of the entire Central City Area,
and along two sides of the CBD.

Secondary Passenger Distribution

A secondary passenger distribution system is recom-
mended to penetrate the high density CBD and to give
closer station coverage than would be possible with the
main line facility. While time has not permitted a study
of pedestrian and potential passenger movements within
the CBD, it is believed that a secondary distribution
system will provide important relief to street and liside—

walk con estiorﬂin the CBD as well as serving the rapid
transit system. Fare collection and transfer procedures

fy such a secondary system will require more study.
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Several choices are available as to the type of secondary
distribution system which could be used within the

Central Business District.

The system could be a small transit car operating
on a fixed grade-separated facility either overhead
or in special subways. Several types of equipment are
available. At minimum, it could consist of special bus
equipment operating at the surface on exclusive bus
lanes. On the basis of our preliminary analysis, a fixed
type of secondary distribution system would include
three loops, each loop connecting directly with one of
the three main line rapid transit stations. The tentative
alignments for the secondary distribution loops are
indicated schematically on the Central City Area—
Recommended Rapid Transit Plan.

The fixed type system would be completely automated
and would have a capacity of 7,000 to 10,000 passengers
per hour in one direction and it would operate at speeds

of approximately 15 miles per hour.

The preliminary cost estimates in this report include
sufficient allowance to build an overhead secondary dis-
tribution system. They have been developed only in
sufficient detail to provide a basis for evaluation of the

desirability of this means of total service.

Interchange of Corridor Lines at CBD

One of the principal problems encountered in the Cen-
tral City is developing a suitable junction of the lines
serving the various corridors. While it is desirable to
provide for full flexibility of operation by enabling
trains to proceed from any corridor into any other cor-

ridor (full interchange), such flexibility would be very

expensive and it is probable that the additional cost
would not prove justified. While a partial interchange
would require transfers, it is believed that a transit pas-
senger desiring through service would prefer a con-
venient transfer at the CBD to waiting at the origin
extra minutes for a train destined to his specific cor-
ridor. However, in order to provide complete informa-
tion on costs, the full interchange capability has been

incorporated in the system.

For a minimum system, a partial interchange would be
provided, such that through service is provided from
the Wilshire Corridor directly to the Long Beach and
San Bernardino Corridors, but a transfer is required
between the Long Beach and San Bernardino Corridors.
This is based on frequency of passenger movement
between the corridors. This interchange would provide
a great deal of flexibility of operation at a minimum

of cost.

It is anticipated that the Reseda Corridor line would
operate primarily through the Central City Area and
into the Long Beach Corridor, while the Wilshire Cor-
ridor line would operate primarily through the Central
City Area and into the San Bernardino Corridor. Trans-
fers from the Long Beach Corridor to the San Ber-
nardino Corridor could be accomplished at the 8th and
Hill Streets station and would require no more than an

average of a two minute wait during rush periods.

Alignment Description in CBD

The main line transit facility enters the Central City,
as illustrated on the opposite page, from the Wilshire

Corridor in a two-lane overhead (16-foot average vertical

clearance) configuration in the center of 8th Street
to a major station located between Olive and Hill
Streets. This station would provide for interchange of
passengers with a secondary distribution system. The
line would proceed to a junction near Broadway and
8th Street. At this point, one leg of the line would pro-
ceed easterly along 8th Street and into the Long Beach
Corridor, while the other leg would turn north into
Main Street. The line would continue north on Main
Street to a station located between 5th and 6th Streets.
This station would provide the second major loading
and unloading point for the rapid transit system in the
Central City and would provide for transfer of passen-
gers to a secondary distribution system. A concept of
this station is illustrated in that portion of the report
dealing with facilities. The line proceeds northerly in the
median of Main Street to a station located between
First and Second Streets. Secondary distribution trans-
fer should also be provided at this station for access to
the Civic Center. The line then proceeds northerly
along Main Street to a point just north of First Street
where the line swings easterly into a private right-of-
way and enters Commercial Street, parallels the Santa
Ana Freeway to a station located immediateiy opposite

the Union Passenger Terminal.

A pedestrian walkway would be provided to connect the
rapid transit station and the Union Passenger Terminal.
The rapid transit line would then proceed easterly and
cross the Santa Ana Freeway just west of the Los
Angeles River, and thence into the San Bernardino

Corridor alignment.

Whenever city streets are followed in the CBD and in

the four corridors, the typical construction will utilize

18
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a single row of colums spaced in excess of 100 feet
would be placed in a narrow center traffic island or

median which would separate opposing auto traffic.
Corridor Alignments

The alignments and station locations recommended for
the first four corridors are indicated on Page 2. The con-
figuration used in the corridors is generally overhead,
except where at-grade operation is feasible. In the Wil-
shire Corridor, a short section of tunnel is used between
the Century City station and Sepulveda Boulevard,
where city streets are not suitably oriented. Here the
cost of underground construction is estimated to be less

than the cost of acquiring right-of-way.

The station locations have been, where possible, co-
ordinated with the Authority bus lines to serve as
feeders and distributors. Some re-orientation of these
and other lines will undoubtedly take place in order to

more efficiently serve the rapid transit facility.

Major “park 'n ride” stations are proposed in each cor-
ridor and it is felt that these facilities will be exten-
sively used. All outlying stations would facilitate easy
dropping and pickup of Metro passengers from autos

and buses.

At the junction of the Reseda and Wilshire Corridors,
it is again necessary to provide for an interchange of
trains between two corridors. Traffic movement studies
indicate that only a partial interchange structure is
necessary with a transfer required to go from the Reseda

Corridor westward into the Wilshire Corridor.

As has been mentioned earlier, the alignments in the

San Bernardino and Long Beach Corridors are recom-

mended in the expectation that an arrangement can be
developed by the Authority for the joint use of existing
Pacific Electric rights-of-way. The alignment along this
right-of-way in the median of the San Bernardino Free-
way is already grade-separated and hence is ideal for
surface operation of Metro alongside the active Pacific
Electric track. The section of transit line from Rose-
mead Boulevard to El Monte has been projected to be
an overhead facility operating above the P.E. track, due
to restricted right-of-way width. The wide Long Beach
P.E. right-of-way is not now grade-separated, and there-
fore the Metro alignment would be principally at grade
alongside the P.E. tracks but would be overhead at

major street crossings. On neither of these lines do we

recommend use of the same track by Metro vehicles

and P.E. trains.

It should be noted that the detailed alignments are
shown out to the end of each of the first four corridors.
If financial or other limitations require the initial short-
ening of these lines for the first phase, the terminal sta-
tions would, of course, have to be relocated and the
location of the “park 'n ride” stations would have to be
reconsidered. Preliminary plans and profiles of the
alignments shown are being submitted separately along

with other data of a technical nature.
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Cost Estimates

Basis of Estimate

The estimate of the cost required to construct the 74.9
mile four-corridor system is based on the information
and concept designs developed by us during this initial
phase of the program. The concept designs of way
structures, stations and other facilities have permitted
cost per mile estimates to be made which can then be
combined with equipment and right-of-way costs to pro-
vide a planning type of construction cost estimate. With
additions for engineering contingencies and incidental
expenses, the over-all program cost can be approximated.
It should be emphasized that these estimates are pre-
liminary in nature and are subject to variation as the
detailed engineering required is accomplished. However,
it is felt that they will give the required indication of
the cost of the rapid transit program.

The estimates reflect Southern California construction
conditions and are based on second quarter 1960 con-
struction costs without provision for possible escalation
of prices. A contingency factor of 15 percent has been
added to the basic estimate of cost of construction and
engineering. Right-of-way costs were estimated by
methods consistent with accepted theories of land and
improvement valuation and the estimates were reviewed
with consulting appraisers, but no actual appraisals

were made.

The estimate given hereinafter is based on structure
configurations and recommended alignments previously
shown which provide the following route mileages:

OB = 2 v 550,05 morn) womivets. Suiiods: e 2.3 Miles
D0ErR00.,  ae s ¢ smesws sniwem s 21.6 Miles
Overhead...................... 51.0 Miles

Wotal.. . .cuey vommms s wamis s 74.9 Miles

Several other alternates of alignment and equipment
were investigated and cost comparisons were made. The
combination of the route and system recommended
herein provides the least cost of the alternates studied.

System Cost Estimate

74.9 Miles
1. Structure and Road Bed............. $155,900,000
2. BEALIODS . v 5o asiis ssmans waaes & pie i 41,800,000
3. Electrification...................... 51,900,000
4. Control and Communication......... 20,600,000
5. Utility Relocation.................. 18,000,000
6. Yarde:and Shope:. ... . swsvas 5 susuv o s 7,600,000
7. Secondary Distribution System....... 20,800,000+
8. Land Acquisition and Right-of-Way... 26,400,000
D. Rolling Stoek:: : ieisaso owncs i meniii 75,900,000
TOTAL (1960) Cost)........... $418,700,000
Administrative and Professional (Est. 10%) 41,900,000

To include engineering, surveying, subsurface
explorations, construction supervision, testing and
inspection, management and administrative and
Operation Start-Up.

Plus Reserve for Contingency at 15%... 69,100,000
TOTAL SYSTEM COST (1960).. $529,700,000

It should be noted that the development of cost esti-
mates for a complex program such as this is a difficult
task at best and at this stage of the program several
specific factors make detailed estimation particularly
difficult. They are:

1. Detailed engineering designs and construction plans
and specifications are, of course, not available.

2. Preliminary structure designs are based only on

“average” general conditions. Route layouts were

\
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established from small scale area-wide topographic

maps.

3. Subsurface and foundation conditions are assumed
from only preliminary geology reports and only pre-
liminary utility information was available.

4. Much of the proposed equipment design is unprec-
edented; some is not yet in the prototype stage of
development.

5. As noted previously, appraisals of rights-of-way and
other required acquisitions are not available.




Transit System Operations

In Los Angeles where distance is often measured in time

Wilshire Corridor Time Table

rather than in miles, the peak hour schedule which can Outbound

be maintained by the rapid transit system assumes

major importance. The schedule for the recommended

system as given below was computed, based on the » Miles pooum, o) e
capability of the equipment proposed and the time o Srons o
required to comfortably load and unload the passengers.

The schedules are based on station stops of 20 seconds 8th & Hill Street 00 00
each, with normal vehicle acceleration and deceleration Lucas Avenue 0.85 0.85 932 L5
rates of 3.5 miles per hour per second. Maximum speed Alvarado Street 0.75 1.60 81 30
attained between stations is 80 miles per hour and gen- Vermont Avenue 1.00 2.60 957 45
erally assumes a slight coasting between acceleration Normandie Avenue 0.50 3.10 713.6 58
and deceleration. The over-all average speed attained Western Avenue 0.50 3.60 73.6 7.0
in each corridor is a function of the station spacing, and Crenshaw Boulevard 0.90 4.50 94.2 8.6
the conditions of curve and grade existing within each Reseda Junction 1.00 5.50 97.1 102
corridor. It should be noted that the average peak hour Fairfax Avenue 1.25 6.75 110.0 12.1
speeds indicated greatly excel the average peak hour Robertson Boulevard 1.50 8.25 1209 140
Los Angeles freeway driving speed of less than 25 mph Beverly Drive 1.15 9.40 109.1 159
and the U.S. mass transit peak hour average speed of Century City 1.00 10.40 983 176
only 18 miles per hour. Manning Avenue 135 1175 1165 194
Preliminary analysis of time savings that could be Sepulveda Boulevard 0.75 12.50 86.8 209
accomplished by a skip-stop type of operation was also Bundy Drive 1.40 13.90 1148 228

26th Street (Santa Monica) 0.80 14.70 878 24.2
14th Street (Santa Monica) 1.00 15.70 98.1 259
Santa Monica Terminal 1.00 16.70 96.5 27.6

conducted. It was demonstrated that skip-stopping in
outlying areas would result in a saving of time of up to
26 percent to the outer reaches of the several corridors.
However, this would of course be at some sacrifice in

service frequency to some of the outlying stations.

... Average Speed From 8th & Hill-36.4 miles per hour

... Average Distance Between Stations—0.82 miles

e e
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Reseda Branch Time Table

Station

Reseda Junction*
Beverly Boulevard
Santa Monica Boulevard
Hollywood Boulevard
Hollywood Bowl
Barham Boulevard
Lankershim Boulevard
Vineland Avenue
Riverside Drive
Chandler Boulevard
Victory Boulevard
Coldwater Canyon Avenue
Woodman Avenue

Van Nuys Boulevard
Sepulveda Boulevard
Woodley Avenue

Reseda Terminal

Outbound
hiles Accum. Mites
sl
550
0.70 6.20
1.00 7.20
0.85 8.05
0.75 8.80
135 1015
115 1130
075 1205
100 13.05
085 1390
150 1540
075 1615
100 1715
100 1815
100 19.15
100 2015
150 2165

Time (sec)
Between
Stations

(Start to Start) Station Stops)

85.9
100.9
93.6
92.1
127
107.0
82.3
99.5
931
1232
874
99.3
993
99.5
99.3
1209

Accum. Time
From 8th &
Hill (min}
(Including

10.2
116
13.3
148
164
182
20.0
214
23.1
246
36.7
281
298
314
331
347
36.8

*For stations and times between Eighth & Hill Streets and Reseda

Junction, see Wilshire Corridor Time Table.

... Average Speed From 8th & Hill—35.4 mph
... Average Distance Between Stations From 8th & Hill—0.94 miles

San Bernardino Corridor Time Table

Station

8th & Hill Street
6th & Main Street
2nd & Main Street
Union Terminal
State Street

Soto Street

Eastern Avenue
Fremont Avenue
Atlantic Boulevard
New Avenue

San Gabriel Boulevard
Rosemead Boulevard
Lexington Avenue
Peck Road
Rivergrade Road
Maine Avenue
Orange Avenue
Vincent Avenue
Azusa Avenue

Hollenbeck Avenue (Covina)

Outbound
Miles
e
0.0
0.50 0.50
0.50 1.00
0.80 1.80
1.50 3.30
0.60 390
1.80 570
1.50 7.20
1.00 8.20
1.50 9.70
1.00 10.70
1.00 11.70
2.00 13.70
1.00 14.70
1.40 16.10
2.30 18.40
1.05 19.45
1.00 20.45
1.00 2145

0.50

21.95

... Average Speed From 8th & Hill—39.5 mph

.. Average Distance Between Stations—1.15 miles

Time (sec)
Between
Stations

(Start to Start)  Station Stops)

73.6
764
89.5
1211
79.7
1424
1184
98.7
1179
97.3
98.3
1423
99.1
1180
157.0
103.4
100.0
1009
69.4

Accum.
Time (min)
(Including

0.0
1.2
2.5
40
6.0
73
9.7
117
133
1563
164
186
209
22.6
24.6
21.2
289
306
323
334

Long Beach Corridor Time Table

Outbound
Mites

-
8th & Hill Street 0.00
San Pedro Street 0.65 0.65
Central Avenue 0.38 1.03
Washington Boulevard 1.30 2.33
Vernon Avenue 1.20 3.63
Stauson Avenue 1.00 453
Florence Avenue 1.00 553
Firestone Boulevard 1.00 6.53
103rd Street 112 7.65
Imperial Highway 1.00 8.65
El Segundo Boulevard 1.00 9.65
Compton Boulevard 1.50 11.15
Artesia Avenue 1.45 12.60
Del Amo Boulevard 2.10 14.70
Wardlow Road 195 16.65
Willow Street 1.00 17.65
Pacific Coast Highway 1.00 18.65
Seventh Street (Long Beach) 1.00 19.65
Long Beach Terminal 0.40 20.05

.. Average Speed From 8th & Hill-38.4 mph

.. Average Distance Between Stations—1.12 miles

Time (sec)
Between
Stations

Accum.
Time (min)
(Inctuding

(Start to Start)  Station Stops)

83.5

68.4
1132
109.4
1014
1004
100.4
1055
100.5
100.5
123.0
1189
146.7
1415
1013
1014
1014

69.4

0.0
14
2.5
44
6.2
18
9.6
113
13.0
147
163
18.5
20.5
229
252
269
286
303
314

22
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The evaluation of rapid transit equipment
and "'system configurations' composed one
of the principal efforts during the first three
months of this phase of the Rapid Transit
Program. A changing pattern of land use,
population density, and mass transportation
efficiency in the Los Angeles Metropolitan
Area indicated need for a complete review
of rapid transit technology and the selec-
tion of a system configuration to satisfy
current and projected transportation and
community requirements. The terms ''sys-
tem' or '"'system configuration' refer to a
combination of rolling stock and way struc-
tures; for example: a conventional rapid
transit car with steel wheels, operating on
a way structure composed of steel rails
mounted on ties and ballast.

This section of the report will cover the
development of criteria for the considera-
tion of the various systems, the initial
screening of systems, and a full descrip-
tion of the three systems selected for de-
tailed investigation. These three systems
will then be analyzed and compared to the
end that a single system can be recommended
for adaptation to the needs of Los Angeles.
In addition to the material on the transit
systems, this section of the report will in-
clude a detailed analysis of important sys~-
tem equipment components and will outline
the operational features of the recommended
system,

INITIAL CONSIDERATION OF SYSTEMS

The Authority, in order to have the most

Transit Equipment Analysis

modern possible transit system for this
area, has directed the exploration of all
recent developments in rapid transit and
related fields. Accordingly, an active search
has been carried out to find new concepts of
mass rapid transportation. From thissearch
evolved a number of systems which were
evaluated and then a limited number were
selected for detailed investigation.

The first step in the process involved de-
velopment of basic criteria. This list of
minimum requirements covered a broad
group of functional factors and was used ef-
fectively during the initial screening of trans -
it system proposals. Several points of the
criteria were considered particularly ap~-
plicable to Los Angeles, because of climatic
conditions, the lack of precedent setting
existing rapid transit facilities and experi-
ence of freeway development and use,

CRITERIA
1. Speed Factors

a. Maximum of 75 to 80 miles per hour.

b. Average scheduled for 45 miles per
hour.,

c. Acceleration rate - 3.5 miles per
hour, per second.

d. Deceleration rate - 4.5 miles per
hour, per second - maximum.

2. Capacity Factors

a. Capable of providing 30, 000 seats per
lane, per hour.

b, Capable of 90 second headways.

c. Maximum station stop - 20 seconds.

d. Operate on grand-separated rights-
of -way.

Convenience Factors

a. Careful design of interchange sta-
tions for ease in transfer.

b. Escalators from lower to higher
levels,

c. Parking areas adjacent to outer limit
stations.

d. Convenient service to the central
business district.

e. Integration with surface bus feeders
throughout.

Comfort Factors

a. Adequate seat dimensions. i

b. Internal temperature control.fff@df;:ﬁém
c. Low noise levels.

d. Pleasing appearance,

e. Smooth riding qualities.

f. Seats for majority of passengers.

Safety Factors

a. Automatic train control with fail-
safe features.

b. Easy evacuation of train in case of
emergency.

Aesthetic Factors

a. Stations and way structures pleasing
in appearance.

b. Ultra-modern exterior and interior
design of trains.
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7. Maintenance and Operation Factors

a, Lightweight equipment.

b. Interchangeability of equipment be-
tween lines.

Cuy Line connections to central mainte -

\ nance area.

d.N\No more, or less, than one operator
per train,

e. Practical and convenient collection of
fares.

f. Efficient and quiet power and propul-
sion system,

SCREENING PROCESS

The screening and evaluation of transit sys-
tems involved hundreds of conferences and
hearings, and efforts were made to investi-
gate every potential source of rapid transit
technology. A complete listing of system
proponents by configuration category is
shown as follows. Persons and firms con-
tributing ideas and suggestions on specific
items of equipment are also listed.

1. Conventional Rail Systems

*Hastings Plane -O-Rail

*Norton Aerial Transit

General Motors Aero-Train

A,C.F. Talgo Train

lParis Metro (Rubber Tired Equipment)
Lockheed

*K,J. Smith Midget Subway

St. Louis Car Company

-

SR R WO o X

NOTE: Items marked * were formal
system proposals made to the Transit
Authority; items marked 1 were con-
siderations of equipment presently
in operation. The remainder con-
sists of systems or equipment not
formally presented or in actual
operation.

Figure II-1. Unusual Transit Systems

2.

Budd Company

Pullman Standard Company
General Steel Castings Company
Convair

g oA T >

. North American Aviation
Suspended System - Asymmetric

a. Wilbo Industries -~ MAN
b. *Greene Monorail

c. *Goodell Monorail

d. !Tokyo Monorail

Suspended System - Symmetric Split Rail

*Davino Monorail
*S.R.V., Monorail
Fussell Monorail

A, F. Vinje

T. R. Webb

Wilbo Industries - MAN
*S.AF.E.G.E.
Northrup

S0 th® Q0 T

Supported System - Overhead or Side
Stabilized

Kearney Monorail
*Mono-Tri-Rail
U.S. Monorail
Lafferty Monorail

o0 o @

Supported System - Overriding

FALWEG
*I.ockheed
*Hendrik De Kanter
Hawes Monorail

L0 U

Conveyor Belt Systems
a, Turner Moving Walk
b. Stephens-Adamson Carveyor

c. Mathews Moving Walk

Miscellaneous Systems

a. *QOverhead Duct - L, E. Setzer

b. Ground Effect Vehicle - Ideonics, Inc,
and Aeronutronic Division of Ford
Motor Company

c. Helicopters - Los Angeles Airways

8. Transit System Ideas

a. E. M. Khoury

b. R. W. Bockman

c. H. E. White

d. A. Opalek

e. R. Swan

f. W. H. T. Holden
g. Mrs. N. Russell
h. Mrs. A, Dickerson
i. W. A, Shannon

j. J. J. Moore

9. DBus Systems

a. General Motors
b. Flexible Coach Company

A comprehensive questionnaire was pre-
pared and distributed to proponents of sys~-
tems to further explore the extent and validity
of their work. Several of the systems inves-
tigated are shown on Figure II-1. The details
of these investigations appear in a separ-
ately bound volume. The result of this work
was the elimination of a number of rapid
transit system proposals from further con-
sideration, and the selection of three system
configurations for detailed study and com-
parative analysis (See Figure II-2).

Selected for detailed evaluation were:

1. Conventional Two -Rail System (later
called Supported Dual Track)

2. Supported System - Overriding
(Saddlebag)

3. Suspended System - Symmetric Split-
Rail




Throughout the course of the screening pro-
cess, efforts were made to ferret out new
equipment components such as brakes, pro-
pulsion devices or suspension systems,
which had not previously been applied to
rapid transit facilities. This approach was
successful in many respects, and one par-
ticularly advanced concept in vehicle support
was introduced. This was the '"ground effect
vehicle'" proposed by Ideonics, Inc,, the Ford
Motor Company, and others,

CRITERIA FOR EVALUATION AND COM-
PARATIVE ANALYSIS

The detailed evaluation of system configur-
ations required development of a detailed
criteria, and further, of separating this
criteria into items common to all systems,
and items where variation between systems
could conceivably establish one configura-
tion as most acceptable for conditions exist-
ing in Los Angeles

The following items are set forth as basic
criteria factors which can be met by any of
the three systems:

1. Speed - maximum 80 miles per hour,

2. Acceleration and deceleration - 3.5
miles per hour per second.

3. Emergency braking - 4.5 miles per
hour per second.

4, Central heating and cooling.,

5. Fluorescent lighting in cars,
6. Car length - 50-53 feet,

7. Car width - 10 feet, minimum.

8. Automatic control of operation,

9. Propulsion & D.C. traction motors,

10. Passenger capacity - 50-55 seats per
car, |182 maximum design load. | Prac-
tical total 1,20 passengers. o
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Further criteria factors more directly af-
fecting the choice of systems are listed as
follows:

1. Operational Safety. High speed, close
headway operation shall be obtained
through use of equipment control de-
vices with fail-safe features,

2. Car Derailment, Positive derail pro-
tection shall be provided in all high-
speed track sections.

3. Noise Control. Noise levels of opera-
ting equipment shall not generally
exceed the existing level of background
noise in areas through which the line
passes.

4, Switching., Switching shall be accom-
plished with quick=-acting, fail-safe,
economical devices, which should be
of minimum size and easy to maintain,

5. Car Weight, Cars shall be as light as
possible, taking into account sound car
body and truck design,

6. Stability. Cars shall be stable under
side wind loads of 20 pounds per square
foot.

7. Pneumatic Tires. Loading shall not
exceed recommendations of major tire
manufacturers for tested and proven
tires.

8. Performance on Grades. Cars shall be
capable of full power starts and emer-
gency stop on six per cent grades and
capable of negotiating 10 to 12 per cent
grades.,

9. Car-to-Car Entrance Capability. Car
.. ¢ design shall provide for passage be-

Q\ tween cars when cars are coupled in
trains.

10. Coupling Device, Cars shall be coupled
into trains by devices with fail-safe
features and which can be used with
automatic coupling operation.

11, Car Seating Arrangement. Seats shall
be arranged for maximum economy of
space, passenger comfort and efficiency
in loading and unloading.

12. Car Height., Over-all car height shall
be held to a minimum for reasons of
way structure economy, but shall pro-
vide adequate headroom for passengers.

Each of the three system configurations has
inherent advantages and disadvantages and,
as submitted by proponents, required certain
modification to meet the recommended cri-
teria. The following material sets forth a
review of advantages, disadvantages, ad-
herence to criteria, and modifications re-
quired for each of the system configurations.

Figure II-2. Three Configurations Chosen for Detailed
Analysis
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SUPPORTED DUAL TRACK SYSTEM*

The conventional rail rapid transit system
configuration is well-known in the United
States with installations in New York,
Chicago, Boston, Philadelphia, and
Cleveland. The support structure for roll-
ing stock usually consists of two steel rails
spaced 4 feet 8-1/2 inches apart, mounted
on wooden ties and supported by ballast on
grade. Elevated structures and subway
construction make use of various modifica-
tions of the form of support.

Two formal presentations were made for
supported dual-track systems, each of
which recommended innovations and im-
provements in rolling stock and supporting
structures. These were: the Hasting's
Plane-0O-Rail, which would use a modern
design car operating on standard gauge rail,
specially cushioned with rubber, The sec-
ond presentation was the Norton Aerial
Transit System which recommends use of
pneumatic tires for the vehicles. In this
system, the trucks are guided by steel
flanges which allow for use of conventional
switching.

Numerous meetings were held with repre-
sentatives of firms presently manufacturing
conventional rapid transit equipment in order
to ascertain the status of the development
of conventional rapid transit system com-
ponents, These firms were: St. Louis Car
Company; Pullman Standard Company; Budd
Company; General Steel Castings Corpora-~
tion, and others. Additional investigations

*This system classification was previously
termed '""conventional two-rail system." In
this section of the report, the term ''conven-
tional two-rail system" will be generally
used to denote existing supported dual track
systems using steel wheels.

Figure II-3. Conventional Rail Systems

were made concerning the Talgo train
developed by the American Car & Foundry
Company, and also the Aero train developed
by General Motors. For examples of exist-
ing conventional two-rail equipment, see
Figure II-3.

The following analysis discusses the ad-
vantages and disadvantages of conventional
two-rail systems using steel wheels:

ADVANTAGES

1. Proven equipment available.

2, Standard inexpensive quick-action
switches,

3, Adaptable economically for use over-
head, at-grade, or in subway.

4, Minimum way structure required for
surface or subway construction,

DISADVANTAGES

1. High noise level with steel wheels,

2. No derail guarantee.

3. Grade limitation (low traction, steel
wheel to steel rail),

4. Excessive truck hunting (nature of
standard car wheels and rail),

5. Entire car stru‘.sture subject to high
shock loading. < 4

6. Heavy car construction is mandatory to
increase car life, due to high shock
loading.

7. Requires relatively broad way structure
for overhead construction.

ADHERENCE TO CRITERIA

The conventional two-rail system in general
use throughout the world, does not meet
certain minimum requirements as set forth
in the basic criteria for the Los Angeles
area.

1. Noise. Steel wheels on steel rails pro-
duce sound described as a perceived
decibel rating in excess of the recom-
mended allowable.

2. Grade. Steel wheels on steel rails do not
permit satisfactory operation on the five
and six percent grades included in recom-
mended alignments (with possibilities of
10-12% grades - subway to elevated).

3. Stability. Lightweight equipment as
recommended would not be stable under
wind loads with standard gage rail
equipment.

4, Non-Derail, Standard gage rail opera-
tion has inadequate protection for
derailing.

MODIFICATIONS REQUIRED TO MEET
CRITERIA

l. Use rubber tires to reduce noise and
vibration, provide satisfactory grade
climbing ability, and improve stability,
In addition, the use of rubber tires will
permit the use of a lighter weight car
meeting the weight criteria,

2., Use horizontal guide wheels rolling
against raised center flanges for addi-
tional stability and the elimination of
hunting by conventional trucks. Guid~
ance through conventional switches would
be accomplished through use of flanged
wheels, which would also act as safety
wheels in case of pneumatic tire deflation.

3. Derailing protection would be accom-
plished by simple restraining devices
designed as a part of the center guidance
flanges.




Proponents of dual track supported vehicles
on rubber tires are:

North American Aviation

Convair ~ A Division of General Dynamics
Corporation

Norton Aerial Transit

S.A.F.E.G.E.

All of these systems propose the use of rub-
ber tires for support of the vehicle, and with
the exception of the S.A.F.E.G.E. design,
depend upon the flange of a steel safety wheel
for guidance. The Norton system provides
derailment protection by extending the wheel
axle under an adjacent beam. The other
systems have no special derailment provision,

STATUS OF DEVELOPMENT

A system similar in many respects to that
meeting the criteria for a supported dual
track system has been developed, tested
and is in operation on certain lines in the
subways of Paris (see Figure II-4)., The

Figure II-4. Rubber-Tired Systems

Paris equipment uses pneumatic tires for
support and guidance and also has standard
flange wheels for use in switching and as
safety wheels, as illustrated by Figure II-5,

Figure II-5, Rubber Tires and Auxiliary Steel Wheels

This equipment has been operating success-
fully for some nine years in Paris and cer-
tainly provides a degree of operational
testing in rapid transit service difficult for
any other system to match, However, it

must be recalled that the maximum speed

in the Paris operation is not more than 40

miles per hour and therefore the ability of

‘rubber tires to stand up to high speed serv-

Mi“k_ce needs further investigation. 'Additiohal
discussion on this subject will be given in
the paragraphs further on, which discuss
rubber tires in some detail. See Page 8
of Section I for further illustrations. The
basic design of the Paris subway equip-
ment uses horizontal pneumatic tires against
raised sections on both sides of the track.
Figure II-6 shows an experimental vehicle
using a center guidance which has also been
tested in Paris.

In addition to the rapid transit experience in
Paris, the City of Milan, Italy has carried
out considerable research and development
on rubber-tired equipment. Provisions are

Figure II-6. Experimental Center Guidance System -
Paris

being made for the use of rubber-tired ve-
hicles in the new Milan subway. In the
United States, both the Convair Division
of General Dynamics and the North American
Aircraft Corporation have developed designs
of transit equipment using rubber tires,

It appears that the supported dual-track
system would be able to draw heavily on
the experience of the Paris subway equip-
ment. In addition, since the majority of its
components would be similar to those in
current rapid transit and heavy truck and
bus use, it would be able to take advantage
of this experience also, Therefore, indi-
cations are that a relatively short develop-

ment and testing program would be required

to provide satisfactory equipment ot this

-type.
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SUPPORTED MONO - BEAM SYSTEM
(SADDLEBAG)

Several types of saddlebag vehicles were
proposed during the initial phase of the
program. Among proponents were the
following:

Rapid Transit Systems of California
(ALWEG)

Lockheed Aircraft Corporation

Alan Hawes Monorail System

Henry de Kanter Monorail System

The only proponent that has progressed
through design and development to the point
of construction and operation of test instal-
lations is ALWEG.

The saddlebag system proposed by the Lock-
heed Aircraft Corporation is shown on Figure
II-7, This system uses steel wheels run-

Figure II-7. Lockheed Monorail

ning a steel rail on top of the beam for
support and on four rails along the side of
the beam for guidance. A single support-
ing wheel and six guide wheels are provided
at each truck. By using a small diameter
supporting wheel, the passenger area can
have a completely flat floor area. The
Lockheed system is still only in the con-
cept stage, not having complete design
engineering or any test installations. It
provides the only variation of the saddlebag
system using steel wheels, but in so doing
subjects itself to the disadvantages of in-
creased noise and decreased ability to nego-
tiate steep grades.

The Hawes and de Kanter systems departed
from the usual saddlebag design by using a tee
beam with the main supporting tires running
on the flanges of the tee, instead of on top
of the beam, as is the case with the Lock-
heed and ALWEG designs. While this elim-
inates some of the problems inherent in the
saddlebag, it also loses some of the advan-
tage of minimum structure and introduces
several difficult mechanical problems by
the use of an eccentrically loaded split
axle,

It was decided to base the comparison
of systems on the normal saddlebag con-
figuration which has the following
characteristics:

The weight of the car is carried by nar-
row gage wheels riding on top of the
supporting beam,

The car is guided and restrained from
swaying by horizontal wheels riding on
the sides of the beam.

As has been noted previously, the most
advanced proponent (in the development
sense) of the saddlebag system is ALWEG.
The ALWEG train has been under develop-
ment since 1951, Four reduced scale test
trains were built and operated on a develop-
mental basis until July, 1957, when the first
full scale two-car train was completed.
The proposed ALWEG train is a three-car
articulated unit 92 feet long, 10 feet wide,
and seating 96 people. The rated capacity
is 300 people. Each wheel set consists of
dual load-carrying 40-inch wire reinforced
tires loaded to 9, 000 pounds each (nearly
double the manufacturer's rated load). The
load wheels are rigidly attached to the car
body and cannot pivot. This results in a

long wheel base vehicle which must be

skidded around corners,

It is understood that ALWEG is currently
re ~designing the supporting system to elim-
inate the tire trouble they have experienced
on their test track, and to reduce the pro-
trusion of the supporting tires into the car
interior. The demonstration line near
Cologne was inspected and found to provide
a smooth, quiet ride at a maximum speed of
about 50 miles per hour. Results of sus~
tained operational testing were not available.

A five -eights scale ALWEG installation was
built and installed and is currently in amuse~
ment park use at Disneyland. Tire wear has
been excessive because the track is a series
of curves. It does, however, provide a
reasonably smooth and very quiet ride. The
principal noise is that of the power shoe on
the electrical contact rails, The ALWEG
Cologne installation is shown on Figure II-8.
The ALWEG Disneyland installation and
further details are shown on Page 9 of
Section I.

The ALWEG wheels are carried on a hinged
stub axle supported at the hinged end only.
The hinge is provided to permit tires to be
removed from inside the car. Power is
transmitted to the wheels through a gear

box and long propeller shaft from an elec-
tric motor located low in the over-hanging
portion of the car, The hinged stub axle is
a probable source of mechanical trouble.

The ALWEG wheel housing forms a large
box which protrudes into the passenger
compartment, It is too high for passenger
seating and results in lost floor space
amounting to approximately 15% of the total,
They are currently redesigning the vehicle
and in the process are trying to improve the
efficiency of interior use by providing seats
on the box.

Since the aesthetics, safety and cost as-
pects of the system looked favorable, it
was decided to investigate the possibility
of a modified saddlebag design which more
nearly met the criteria established for the
Authority's system.

The principal considerations in the new de-
sign are outlined in the following paragraphs:

The supporting wheels must intrude into the
body of the vehicle in the center of the car
at each end. In order to use the space over
the wheel wells, longitudinal seats can be
placed thereon to do so; however, the car
floor must be raised to reduce the intru-
sion of the wheel well to seat height, This
results in raising the center of gravity of
the car and places increased torsion on the
running beam and increases the over-all
height of the car to 15 feet, 5 inches. This
requires no structural change of the running
beam.

To overcome the problem of excessive tire
wear, a four wheel turnable bogie was sub-
stituted for the fixed ALWEG running gear.
The increased height of floor permitted re-
location of the drive motor to a position over
the rail and the use of a motor for each axle,
No satisfactory way was found to eliminate
the single end support of the axle, but it was
considered desirable to eliminate the hinge
for tire changing. To this end, a fixed axle
was considered. It then became necessary
to provide for removal of the wheel well
cover and seats and a portion of the car
floor in order to change the running tires.
Tire removal would be through the passenger
doors., The wheel wells also interfere with
the functional placement of the doors. To
overcome this, two double doors have been
planned with single doors near each end.

The wheel location prohibits a central buffer
beam through the center of the car, The



resulting dual beam design requires more
steel, hence a heavier car.

The enclosed wheel wells create a hot box
which must be ventilated for protection of
the tires and for passenger comfort, Ther-
mal insulation would be required on the wheel
wells.

The modified design outlined above results
in a vehicle 53 feet 8 inches long, 10 feet
0 inches wide, and 15 feet 5 inches high.
Twenty-four of the forty-eight seats are
placed longitudinally over the wheels. These

longitudinal seats are not as desirable as

transverse seats, because the back of the )

seat does not support the passenger during
acceleration. However, such seats are in
common use in many transit systems.

ADVANTAGES

1. Absolute derail protection,
Quiet operation.

3. Minimum way structure required for
overhead construction.

DISADV ANTAGES

1. Switching operation requires moving en-
tire supporting beam and leaves section
of track open.

2. Raised wheel wells in car interferes with
seating and door arrangements,

3., Tire change is major shop operation.

4, Wheel well forms a hard to ventilate
hot box.

5. Special frame to develop buffing strength
increases car weight.

6. Design of suspension system causes
excessive tire wear in turns.

7. Expensive beamway required through-
out shops and storage areas,

8. Excessive car height requires greater
clearance provision.

ADHERENCE TO CRITERIA

J;he designs submitted by proponents and

/illustrated by the test line in Cologne, Ger-
(many, and the Disneyland amusement ride

do not meet the recommended criteria.
[Principal weaknesses in these designs include
; overloaded pneumatic tires and inadequate

bj’sggnger capacity.

MODIFICATIONS REQUIRED TO MEET
CRITERIA

1. Complete truck redesign, doubling the
number of traction tires per car to
eliminate overloading, incorporation of
car center bearings in trucks, gear case

redesign and elimination of one bevel
gear case drive,

2. Car modifications consist of center bear-
ing adoption and raising car floor level
to permit seating of 24 passengers on
top of wheel wells. Provision is made
for tire changes by providing a trap door
and removable seats.

3. Increase car length to provide adequate
seating capacity.

4. Modify car springing and suspension.

STATUS OF DEVELOPMENT

A test section of the ALWEG saddlebag sys-
tem is located near Cologne, Germany, and
has been in limited operation for three years.
This is a full-scale prototype using pneumatic
tires and on the one-mile test section
achieves speeds of over 50 miles per hour.
A small-scale version of the ALWEG sys-
tem provides an amusement attraction at
Disneyland. Results of sustained opera-
tional testing of the full-scale ALWEG ve-
hicle have not been made available, although
reliable sources report high tire wear.

Indications are that improved designs along
the lines recommended herein may make
this system acceptable, especially for all
overhead installations,

Figure II-8. ALWEG Monorail
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SUSPENDED MONO-BEAM SYSTEM -
SYMMETRIC SPLIT-RAIL

The suspended mono-beam, or split rail,
monorail system is sometimes described
as an upside down narrow gage railroad.
As a matter of fact, the interior of the car
is essentially identical to that used for con-
ventional rail systems. The bogies are quite
similar to those used on the Paris rubber-
tired equipment, except for the narrow width
and provision for suspending the car. The
principal physical difference of this system
is in the suspension of the split rail car.

Proponents of the split-rail system were:

Societe Anonyme Francaise D 'Etudes de
Gestion et d' Enterprises

(SAFEGE)

Norair (Division of Northrup Corporation)

S.R.V. Corporation

Wilbo Industries (M.A.N.)

The most advanced proponent of the split-
rail system is the S.A.F.E.G.E. group in
France (see Figure II-9). In March of 1960,
they completed and are currently testing a
suspended vehicle on a 3500 test track lo-
cated south of Paris, See Page 10 of Section
I for further details.

The S.A.F.E.G,E. design incorporates a
secondary suspension system which acts to
counteract the sway of the car under normal
operation, thus creating a restoring force
tending to dampen the sway and reduce
the torsional effect on the structure. The
maximum travel of the primary suspension

is 4°20"' limited by contact of the suspen-
sion rod in the bogie underframe. The
secondary suspension provides an additional
deflection of 3°10' or a total sway angle of
7°30', The secondary suspension is con-
trolled on a linear relationship by the pri-
mary suspension through the medium of a
high pressure hydraulic system.

Upon entering a station, the action of the
secondary suspension is locked so as to
force the car into alignment and eliminate
all sway. This reversed action imposes a
torsional load upon the beam. A check of
stability shows that under these circum-
stances, uplift of the bogie wheels will oc-
cur on the down-wind side at a wind velocity
under 80 miles per hour. Such a condition
would result in the car ramming the station
platforms unless ample clearances were
provided, thereby requiring bridging be-
tween the platform and the vehicle,

! The S.A.F.E.G.E. engineers state that the

response time of the hydraulic system is
; 3 seconds., The natural period of oscillation
‘] of the car appears to be approximately 3 to

[ 4 seconds. Thus, an action of the hydraulic

system to correct for sway might come so
| late as to amplify the motion on the reverse
{ swing. It is understood that further re-
gisearch is now in progress on this problem,

Under normal circumstances, the suspen-
sion system should be capable of maintaining
alignment of the car and bogie if the response
problem is solved. The shift of load on the
tires, however, results in an uncompensated
deflection of the bogie which is exaggerated

Figure II-9., S. A. F. E. G. E. System

in the deflection of the car body. The result
is a wider clearance required between the
car and station platform as noted before.

Test and demonstration runs at the S, A.F,
E.G.E. track have only just started and
there has been as yet little opportunity to
work out problem areas which have arisen.
The sway control system was out of service
undergoing repairs or modifications on our
visit to the test track and it is understood
that the S.A.F.E,G.E. group is currently
developing a new secondary suspension sys-
tem expected to be in test operation by July
of 1960,

The hydraulic system requires a tank, high
pressure pumps, pipes, actuating cylinder
and control valves, These are items which
can be troublesome and require high main-
tenance. The use of hydraulic fluid becomes
a fire hazard if a leak develops.

The running track consists of a steel tube
having an open slot in the bottom. A flat
running surface is provided and power rails
are contained within the tube. The running
tube for the French test track appears to
act as a reverberation chamber for a loud
rumbling sound which emanates from the
tube when the car moves. When a section
of double walled tube was filled with sand,




only slight improvement resulted. The
French engineers are currently redesigning
the track to provide an open top in an effort
to minimize the noise.

Despite these handicaps, the test car pro-
vided a smooth ride without objectionable
sway in calm weather, even without the sec~
ondary suspension system.

Derailment of the enclosed bogie is virtually
impossible. However, the possibility of
running into overheight vehicles constitutes
a collision hazard which must be recognized.

Switching of the split-rail system may be
achieved by the use of a transfer table - a
heavy, space-consuming item. The S.A.F.
E.G.E. switch design utilizes three segments
which are rotated through an arc by a hy-
draulic system to achieve the switching
action., The switchoperatingtime is 6 seconds.
Safety interlocks prohibiting a train from
entering an open switch can be provided.
The S.A.F.E.G.E. design affects some
reduction on the bulk and weight of the switch
compared to a transfer table, but it is still
large and expensive., The complication of
hydraulic pumps, pipes, valves, cylinders,
and a complex of locks and safety switches
will be an added maintenance expense.

ADVANTAGES

1. Positive derail protection,

2. Automatic sway compensation at curves,

DISADVANTAGES

.\l. Suspended configuration requires elevated
&

" structure throughout.

2. Requires greatest vertical clearance
dimensions and is most costly in tunnel.

3. Sway control under wind conditions not
positively solved,

4, Emergency exit from cars is difficult.
5. Switching is cumbersome.

6. Maintenance shops and storage areas
are costly,

743» Collision with overheight ground vehicles

0 is possible.

8. Enclosed split-rail beamway creates
increased difficulties for maintenance
and inspection.

ADHERENCE TO CRITERIA

The principal point of non-conformance to
criteria is excessive pneumatic tire loading.
This overloading is brought about by use of
a relatively heavy car, which is required
to produce stability under wind loads.

End doors are not provided for emergency
passage between cars,

The existing test installation has produced
excessive noise, with the beamway acting
as a sounding board resulting in a rumbling
sound.

Sway control does not appear to be solved
as yet, resulting in hazardous conditions
at station appraoches.

MODIFICATIONS REQUIRED TO MEET
CRITERIA

1. Redesign bogie to provide uplift safety
wheels, The uplift wheels would give
positive control to excess sway, and
make possible a lighter car,

2. Redesign way structure to reduce noise,
This can be accomplished through the
use of reinforced concrete beamway.

3. End doors for emergency passage should
be provided.

STATUS OF DEVELOPMENT

The suspended split-rail system has had a
test section operating since March, 1960,
This system, developed by SAFEGE, in-
cludes one test car and 3, 500 feet of over~
head beamway. Difficulties have been
experienced in sway control and noise fac-
tors. Sustained test results are not avail-
able. The bogies for this test installation
were manufactured by the same firm as
the rubber~tired bogies used in the Paris
Metro, hence the testing of this component
is well advanced.,

Indications are that adequate development
and testing of this system can be accom~
plished in a relatively short time,
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EQUIPMENT ANALYSIS

In making the comparative evaluation and
analysis of the several transit systems,
there are several factors which need to be
explored in detail. These factors are:
1) air bearing; 2) steel wheels vs. rubber
tires; 3) acoustical considerations; 4) switch-
ing; and 5) safety, These factors have re-
ceived special investigation which will be
summarized in the paragraphs following.

AIR BEARING

Consideration was given to the potentialities
of the "ground effect' or air bearing vehicles
for transit service. This newest entry in
the transportation field presents the chal-
lenging possibility of high speed operation
without wheels., The principle of these
vehicles involves the support of the vehicles
above a track by the use of air jets. Ideonics,
Inc., Convair, Curtiss Wright and the Ford
Motor Company are among the United States
firms presently conducting research on this
transportation concept.

A great deal of interest has been expressed
in the "Hovercraft' version of this concept
from the standpoint of its ability to provide
service without the necessity of having
grade separation structures. However, it
was found that in so doing, serious problems
of noise, guidance and power consumption
would be created. For the version using
tracks, a magnetic propulsion system was
proposed which offered interesting possi-
bilities. However, it was decided that the
over-all concept is so new and untried that
application and operational characteristics
cannot be adequately evaluated. While this
system offers a great deal of promise for
really high speed operation, it will be some
time before research has been carried to
the point where the over-all economics of
the concept can be adequately appraised.

STEEL WHEEL VS. RUBBER TIRES

The desire to reduce noise levels to the
lowest practical level provided the first
incentive to use pneumatic-tired vehicles
on the rapid transit system.

As the studies progressed, it became ap-
parent that the 5% to 6% grades encountered
at Cahuenga Pass in the Reseda Corridor
presented a traction problem to the steel-
wheeled vehicle, and corridor interchange
facilities would be less cumbersome if
steeper grades could be used.

The theoretical adhesion coefficient required
for emergency braking at 4.5 mphps is 0. 21

on level track and 0.26 on 5% downgrade.
Some safety margin should be available so
0.30 is used as the minimum traction co-
efficient required for safe uninterrupted
operation during all weather conditions,
Available data indicates that adhesion co-
efficients for steel wheels will be in the
range of 0.12 to 0.35 and for rubber on
concrete in the range from 0.30 to 0.9.

Trouble with wheel slipping has been re-
peatedly encountered with steel rail systems
with grades of 4% and over whenever an
unfavorable condition such as wet rails is
encountered. It is apparent that if safe
operation is to be achieved with steel wheels,
acceleration rates (and braking) must be
reduced and/or track sanding equipment
must be provided. Sanding will increase
the adhesion coefficient to approximately
0.25, However, since sanding equipment
adds considerable weight to the car, its use
should be avoided if possible. Reduced ac~-
celeration on grades and reduced speed on
down grades will result in slower operations.

The studies have also revealed that reduc-
tion in vibration of the car body may be
achieved by the use of pneumatic tires. The
operators of the Paris Metro and the de-
signers of the Milan equipment state that
up to 20% reduction in weight of the car can
be made because the structural fatigue con-
siderations associated with vibrations per-
mit higher working stresses. Results on
the Authority system may not be as appre-
ciable but should be significant. However,
the desire to reduce weight of the transit
vehicles to the order of 30, 000 pounds empty
weight creates a condition where a conven-
tional rail vehicle is subject to overturning
by wind. To avoid this condition, either the
wheel spread must be increased to a non-
standard wide gauge or the weight must be
increased. The use of rubber tires with
auxiliary steel wheels permits the use of
lightweight cars and satisfies the wide gauge-
non-overturning requirements while still
allowing operation of the vehicle on standard
gauge rails under emergency conditions.

Vibration of the structure and of the ground
when in subways, has also been considered,
Nearly every city which has subways has
experienced complaints from nearby resi-
dents because of the ground vibration ex-
perienced when trains pass. Pneumatic
tires also offer a solution to this problem.

An evaluation of load, speed and size
factors has confirmed the feasibility of the
use of rubber tires for train operations.,
This idea of trains using rubber tires is

not a new one, such trains having been
tested on the French and Swiss National
Railways for a number of years. The Paris
Metro has been operating rubber-tired tran-
sit vehicles on a test line for nine years and
this experiment has been so successful that
it is planned to undertake the conversion of
the entire Paris Metro to rubber-tired op-
eration. Rubber-tired vehicles are presently
under design in Italy as prototypes of cars
to be used for the new Milan subway. In
considering the application of tires to the
system under consideration here in Los
Angeles, it was realized that certain of the
operating conditions would be more severe
than are encountered in Paris. For this
reason, exploratory discussions were con-
ducted with several of the major United
States tire manufacturers,

The Firestone Tire & Rubber Company has
conducted extensive tests on 11-20 12-ply
Nylon casing heavy duty truck tires which
could be used for Los Angeles rapid transit
vehicles., These tests accounted for most
of the conditions of loading and speed vari-
ations which would be encountered in Los
Angeles transit system operations. These
tests included repeated speed cycling having
15 second runs at 80 miles per hour, 20 sec-
ond stops at 91-second cycle at loads ap-
proximately those contemplated for Los
Angeles. These tests showed that tire tem~
perature is the controlling factor when oper-
ations under high loads and speeds are
considered, but that with proper tire design
the maximum temperature would not reach
the critical range.

The results of the tests are conclusive in
demonstrating the feasibility of using rubber
tires for lightweight rapid transit equipment
under Los Angeles conditions. Either the
nylon cord tires or the steel cord tires
should be capable of running for at least
100,000 miles before recapping, and the
tires could be recapped several times. The
operating experience in Paris has been ex-
cellent, with the tires only half worn at
140,000 miles and no trouble with flat tires.
It should, of course, be borne in mind‘tha_t
the Paris operation is in a subway with a

maximurrlms“peed Qf‘ }g S‘,,s‘,than‘;‘l‘o miles per

hour,.

For comparison, the Authority's experience
with PCC rubber sandwich steel wheels
shows a life of approximately 150, 000 miles
with returning operations every 50, 000 miles.
This amounts to a cost of approximately
0.2 cents per mile per wheel for steel
wheels. Current rubber tire costs for the
Authority buses are approximately 0.14
cents per mile per tire.



ROLLING RESISTANCE The normal rolling
resistance for rubber tires is greater than
for steel wheels. However, this situation
is reversed at curves because of the in-
creased flange resistance of steel wheels
during curve passage. The over-all effect
of rubber tires, however, is dependent on
the average station spacing which determines
how much of the power must be expended in
achieving high acceleration and how much
goes into overcoming rolling resistance,
In the instance of commuter or suburban
railroads with station spacings in the range
of two to five miles, the effect of the in-
creased rolling resistance is appreciable,
However, for the recommended system with
station spacing averaging only one mile,
this difference is not so significant. One
further factor difficult to evaluate is the
effect of the savings in weight brought about
by the use of rubber tires. This would
further decrease the power consumption
attributed to rubber tires. It is estimated
that the use of rubber tires will result in an
increase of total power consumption of less
than five percent, and it is felt that this is
a small price to pay for the advantages
gained by the use of rubber tires.

ACOUSTICAL FACTORS

With a system including substantial mileages
of overhead construction, the problem of
transit system noise becomes acutely impor-
tant, Even with subway configurations, where
noise affects primarily the passenger, noise
must still be controlled. To assist with the
evaluation of this problem, the firm of Bolt,
Beranek & Newman, Consulting Sound Engi-
neers, was retained to study the acoustical
factors in rapid transit system operations.
Their work consisted of the preparation of
a report(l) giving methods for evaluating
the effect of the various noise levels on
different types of community areas. The
important questions to be asked in the study
of transit system noise include:

How much noise will be produced by various
vehicle configurations and routings?

What can be done to minimize the noise pro-
duced in community areas by the system?

How much noise will be produced inside the
transit vehicles ?

How much noise is permissible inside the
transit vehicles?

ACOUSTICAL EVALUATION PROCEDURE,
FiguresII-10andII-11 provide a basis for eval~
uation of perceived noise level at any point in

(1)

"Considerations of Noise Control For
the Proposed Los Angeles Mass Rapid
Transit System!'. Report by Bolt, Beranek
and Newman, May 1960.
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Figure II1-10. Figure 1 of BB&N Report

the community. Note that perceived noise
level, (PNdb), is a number adjusted for
source frequency to indicate sound intensity
as judged by the average person. It is not
the same as the physical measure of sound
in decibels. The reader should note that
an increase of 10 PNdb in perceived noise
level is essentially a doubling of noise level
due to the logarithmic variation of sound
intensity.

The use of charts on Page 34 is best ex-
plained by an example: consider an urban
residential area, with houses set back ap-
proximately 100 feet from the street center
line, From Graph B-2, Figure II-11, we
would expect the continuous background
noise to be approximately 65 PNdb at the
houses, Assuming that PCC type of street
cars run down the middle of the street,
Graph B-1 suggests a 76 PNdb noise level
for the street cars. Thus, they exceed the
continuous background by more than 10 PNdb,
For relaxation inside the homes with par-
tially open windows, the design goal of 75
PNdb is noted., Thus, the noise level which
is intermittently received from passing
street cars is approximately equivalent to
the design goal, and the continuous back-
ground noise is below the design goal, If a
transit system with pneumatic-tired vehicles
on an elevated track with no shielding other
than shrouded wheels is installed, the noise
levels estimated from Part A would be about
77 PNdb for 20 miles per hour speed, and
87 PNdb for 40 miles per hour speed. Thus,
at 20 miles per hour, the transit system
would produce levels comparable to the
existing street cars, while at 40 miles per
hour, they would exceed the street car and
the design goal by only 10 PNdb.

At 80 miles per hour, however, the noise

levels would exceed the design goals by 20

PNdb. It would probably be the noisiest
single intrusion in the neighborhood unless

“trucks appeared on the street., At 80 miwlhéms;r i

per hour, the noise intrusion into houses

“would last for 10 to 15 seconds.

The design goal obtained from Part C repre-
sents the highest level of intruding noise
{(outdoors) that will still permit continuous
activity of the specified kind without inter-
ference. This design goal should not neces-
sarily be interpreted as the maximum
allowable noise intrusion., The levels of
intermittent noises can be allowed to rise
above the design goal without serious con-
sequence in most instances, inasmuch as
the activities are not really continuous and
interference can be accommodated by mo-
mentary interruption, raised voice, repe-
tition, etc. The '"decision rules' suggest
amounts by which the noise from transit
trains may be allowed to exceed the design
goals.

CONCLUSIONS OF ACOUSTICAL STUDIES
Study of the many conditions encountered
throughout the rapid transit system reveals that
there are many areas where noise will be
a serious problem. The foregoing example
shows one of the problem areas. Shielding
techniques are, in general, equally appli-
cable to the steel-tired or pneumatic-tired
vehicle. The 6 PNdb difference in noise
level represents approximately 60% in-
crease for steel - a difference which offers
little hope of solution. The difference in
character of the sounds might impose a pen-
alty of another 5 PNdb on the steel-wheeled
vehicle in areas where the background noise
is entirely from passenger car traffic.

Psychological factors greatly affect com-
munity acceptance of the transit system,
The noise from pneumatic tires is one that
most people are used to in Los Angeles
and it would have a tendency to be lost in
the general background noise. The opposite
would be true of the use of steel-wheeled
trains which would introduce sound of an
entirely different character into the neigh-
borhood and which would be disrupting.

The data and analysis provide sufficient
information for the initial system choice
and design. It will be necessary to under-
take more detailed noise studies and analyses
for the final system. This is especially
true in cases of track shielding, shrouding of
running gear, track or roadbed surface choice,
and structural support of track or roadbed.
It is also important in the design of the cars
to provide satisfactory noise environments
and low vibration levels in the interior. These
problems are common to development of any
vehicle.
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SWITCHING

For rapid transit service, the capacity for
economical and rapid switching is extremely
important especially in storage yards and
maintenance areas., A system requiring
long switching cycles for main line switches
substantially reduces operational flexibility,
The ALWEG System has developed a flexible
beam switch for main line service as exem-
plified by their test installation at Cologne
as shown on Figure II-12, This, they claim,

Figure II-12. ALWEG Switch

has an operating cycle of six seconds. A
pivoted beam switch similar to the one used
for the maintenance track at the Disneyland
installation would be satisfactory for yard
service, however both of these designs are
expensive.

The suspended split rail system uses a
transfer table or a three-segment pivoted
switch developed by the S.A.F.E.G.E,
group in France (see Figure II-13). This

Figure II-13. S. A. F. E. G. E. Switch

switch operates on a six-second cycle but
the design is complex and the switch ex~
pensive. Switches become particularly
important at interchanges between corri-
dors where main line switching must be
done on overhead facilities,

Conventional railroad switches are fast and
inexpensive, giving a distinct advantage to
the modified conventional system in its ability
to use conventional rail switches,

SAFETY COMPARISONS

Derailment is usually the first concern when
discussing safety of trains. DBy the basic
concept of the saddlebag and split-rail sys-
tems, derailment is virtually impossible.
The desire to achieve equal assurance of
safety in the supported dual track system
leads to the concept of using uplift shoes and
a safety rail which is a feasible solution to
the derailment problem.

Safe emergency escape from a stalled sus-
pended vehicle on overhead structure is
impossible without special provisions.
Escape from the saddlebag vehicle is pos-
sible, but extremely dangerous via the 26"
wide track. Escape from the supported
dual track vehicle is also possible, but
dangerous due to track obstructions, the
electrical contact rail, and the height of
structure. It is likely that an unmovable
vehicle failure would be so infrequent that
the provision of escape equipment would
not be warranted., Rather, dependence upon
emergency trucks or fire department equip-
ment would be in order,

Failure of the secondary suspension of the
split-rail system could result in the car
striking a station platform or other way
structures. The other systems are not sub-
ject to this problem.

Striking of a track obstruction is most likely
with the supported dual track system bhe-
cause of the large exposed surface. The
Saddlebag beam is safer because of its small
top surface and the split-rail beam is in-~
herently protected by the enclosed structure.

Redesign of the Suspended Split-rail struc-
ture to open the top will result in increased
hazard from this source.

All of the switches contemplated depend upon
electrical interlocks to assure safe and com-
plete operation. Careful inspection and
maintenance should make them all safe.

Collision with overheight ground vehicles is

possible with the Split-rail system, less
likely with the Saddelbag car and virtually

impossible with the Dual Track.

The contact rail presents a moderate safety
problem in the yards with all systems. The
overhead position of the rail on the Split-
rail system affords little protection since
access for inspection and maintenance must
be provided. From a safety viewpoint, the
Saddlebag design seems to have a slight edge.
The Dual Track would rate second and the
Split-rail third, because of its dependence
on a powered mechanical system for sway
control., However, all should provide ade-
quate safety.

EVALUATION AND COMPARISON OF
SYSTEMS

In making an evaluation and comparison of
the three transit systems, both functional
and cost factors are used. The systems
were analyzed on a comparable basis with
the specific application to Los Angeles
principally in mind. Table II-1 provides
a summary of the comparative analysis of
the three systems. In Section V, COST
ESTIMATES, further information on com-
parative costs are presented. The cost
analysis shows that for the recommended
alignment alternate the modified version of
the Supported Dual Track System is the
least expensive of the three systems,

When an all overhead system is used, the
Supported Mono-Beam system presents
a more competitive cost picture although
its increased maintenance cost still makes
it more expensive than the Dual Track Sys-
tem on a capitalized cost basis, The func-
tional analysis of the systems shows that
any one of the three could be adapted to the
transit needs of the I.os Angeles Metropolitan
Area. The status of development of the
Supported Dual Track System is better than
the other two and, therefore, it could prob-
ably be put into operation quicker. The
Supported Dual Track System is more easily
adaptable to different way structure con-
figurations. The Supported Mono-Beam
System provides the least structure for
overhead configuration which would enable

a slightly more aesthetically pleasing
structure. However, with all things con-

_sidered, the Supported Dual Track System

is recommended as the least expensive

system and the system best adaptable to”

the needs of the L.os Angeles Metropolitan

Area.
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TABLE II-1

COMPARATIVE ANALYSIS OF THREE CONFIGURATIONS

COMPARISON PARAMETERS

SUPPORTED DUAL TRACKH*

PRESENT STATUS

MODIFIED (METRO)

$155, 900, 000

i

1. First Cost of Way Structure Not pertinent to evaluation .
{75 miles)
2. First Cost of Equipment Not pertinent to evaluation $75, 900, 000
Annual Maintenance Cost of Equipment
3- i l i 2 H
and Structures (10th year level) Not pertinent to evaluation $2, 360, 000
Fully developed and in general use Similar system tested for nine years in
4., Status of Development and Use in Chicago, New York, Philadelphia, Paris Metro. Considered well devel-
Boston, etc. oped and tested except for modifications.
tandard il
. . Fully developed, but do not adhere Standar co.mponents ava1. able for
5. Equipment Mechanisms . A motors, drives, rubber tires,
to recommended criteria.
brakes, etc.
Proven conventional railroad switches. Proven conventional railroad switches.
6. Switching Quick acting, dependable, safe, low Quick acting, dependable, safe, low
cost. cost.
; - T
Generally considered unacceptable in ,fi Minimum structure of precast rein
. . . ; forced concrete for overhead structures,
7. Aesthetics of Line and Station Structures present form for overhead structure.
excellent for at-grade or underground
Good for at-grade or underground. .
construction.
- . . Minimum requirements for special
. Minimum requirements for special .
Requirements for Storage and qess structure or other facilities. Could
8. : i ysps structure or other facilities. Con- .
Maintenance Facilities £ 1 i tchi d ¢ operate on steel wheels with conven-
ventional switching advantageous. tional railroad switches.
9 Adaptability to Grade, Overhead or More adaptable to at-grade and under- Fully adaptable to overhead, at-grade
" Underground Operation ground than to overhead. or underground.
N " tecti Debri Positive derail device recommended.
10. Positive Derail Protection © Positive protection. ebris on Would not be in effect through switch
track can cause derailment.
areas.
Added safety devices should improve
11. Safety Record of operation is excellent. the already excellent safety status of
the conventional system.
. Estimated to be entirely acceptable
. Not considered acceptable for . © mrety P
12. Noise . in all areas of recommended align-
recommended alignments.
ment.
h Estimated to be entirely acceptable
13. Passenger Appeal Does not have adequate passenger y p

appeal.

*Previously termed '"Conventional Two-Rail (Modern Design)"

to public.




éUPPORT ED MONOBEAM (SADDLEBAQG)

SUSPENDED MONOBEAM (SPLIT-RAIL)

PRESENT STATUS

MODIFIED

PRESENT STATUS

MODIFIED

Not pertinent to evaluation

$136, 600, 000

Not pertinent to evaluation

$240, 500, 000

(75 miles) (75 miles)
Not pertinent to evaluation $85, 000, 000 Not pertinent to evaluation $82, 100, 000
Not pertinent to evaluation $3, 040, 000 Not pertinent to evaluation $2, 740, 000

Test section results not avail-
able. Needs redesign.

Recommended modifications not
yet in plan phase. Development
and testing may take consider-
able time.

Test section results not avail~-
able. Redesign is required.

Recommended modifications not
yet in plan phase. Development
and testing may take consider-
able time.

Standard components can be
used. Present prototype re-
quired special equipment
components.

Can be made up of standard
motors, drives, brakes,
rubber tires, etc.

Bogie is adapted from rubber
tired Paris Metro bogie. Sus-
pension system is special and
requires attention.

Can be made up of standard
motors, drives, brakes,
rubber tires, etc.

Flexible beam switch developed,
Leaves main line track open dur-
ing operation. Expensive, slow
acting, high maintenance.

Flexible beam switch developed.
Leaves main line track open dur-
ing operation. Expensive, slow
acting, high maintenance.

Transfer table switch developed.
Expensive, slow acting, high
maintenance, bulky structure.

Transfer table switch developed.
Expensive, slow acting, high
maintenance, bulky structure.

Considered most acceptable
structure for overhead
construction.

Considered most acceptable
structure for overhead
construction.

Structure would be at higher
level than for other overhead
systems. Provides advantages
at stations.

Modified structure not as pleas-
ing in appearance and would be
at higher level than other over-
head systems.

Requires special beam way
structure throughout. Extra
cost for maintenance facilities.
Difficult yard operation.

Requires special beam way
structure throughout. Extra
cost for maintenance facilities.
Difficult yard operation.

Requires special structures and
fully elevated yard and shop
facilities. Expensive switching

poses problems.

Requires special structures and
fully elevated yard and shop
facilities. Expensive switching
poses problems.

Satisfactory adaptation to at-
grade and underground. Best
adapted to overhead.

Satisfactory adaptation to at-
grade and underground. Best
adapted to overhead.

Not advantageous to operate at-
grade or underground where
costs are comparatively higher.
Designed for overhead.

Not advantageous to operate at-
grade or underground where
costs are comparatively higher.
Designed for overhead.

Configuration of Saddlebag
precludes derailment.

Configuration of Saddlebag
precludes derailment.

Configuration of Suspended Split-
rail precludes derailment.

Configuration of Suspended Split-

rail precludes derailment.

Overloaded rubber tires reduce
safety factor. Emergency exit
poses problem.

Emergency exit poses problem,
but otherwise safety aspects
appear excellent.

Overloaded rubber tires reduce
safety factor. Potential of
collision with overheight sur-
face traffic is problem.

Potential of collision with over-
height surface traffic and emer-
gency exit remain as safety
problems.

Acceptable in all areas of
recommended alignments.

Acceptable in all areas of
recommended alignments.

Not considered acceptable as
developed in test section.

Modifications should reduce
noise to acceptable levels.

Indicated to have excellent
public appeal.

Indicated to have excellent
public appeal.

Undetermined public appeal--
term monorail is attraction.

Undetermined public appeal--
term monorail is attractive.



38

CREATIVE ENGINEERING

After arriving at the recommended Sup-
ported Dual Track System, as the one best
adaptable to the local needs, the next step
is to apply the creative engineering process
and to develop equipment and structure
designs, This process has resulted in the
equipment and structure shown in Section I.
This adaptation of the Supported Dual Track
System has been called the '"Metro' system
to signify its advanced concept of a light-
weight high speed vehicle of ultramodern
design.

Such equipment with optimizing and final
design could be used as the basis for com-
petitive bidding by transit equipment and
aircraft manufacturers. Design details of
the system are shown on Figure II-14 and
the overall concept is shown on the Frontis-
piece and on Page 8 of Section I.

SUMMARY DESCRIPTION OF '"METRO"
SYSTEM

The vehicle is conceived as having a con-
ventional body of modern, functional, com-
fortable design. It will be supported on two
rubber-tired bogies having horizontal guide
wheels riding on a center guide rails. The
adjoining figure will serve to illustrate
this concept.

A steel safety rail permits continued op-
eration at reduced speed to the end of the

line in case of a flat tire,

The addition of an anti-derail uplift channel

along the central way structure will provide
a positive derailment feature.

Power is received from an outside electrical
contact rail and the current return is through
the anti-derail uplift channel. Guide rails are
used for negative return current.

Safety items of concern here are those
features associated with the method of sup-
porting the vehicle., The inherent ability
of the vehicle to resist derailment (wheels
leaving the normal running surface) must
be provided. Derailment on conventional
systems can result from switch failure,
excess speed, obstacles on the track and/or
track failure. The last two can be overcome
only by adequate maintenance. However,
because of the grade separation contem-
plated little problem with track debris should

occur.

The signal or automation systems will ef-
fectively prevent excess speeds on curves
but the addition of an anti-derail device
serves to provide added insurance. The use
of conventional rail switches in yards and
shops is contemplated. They can also be
used for main line service. Development
of a flexible beam center rail switch appears
feasible and would permit continuity of the
anti-derail angle., Mechanical failures of
conventional switches occur rarely. To
date, the only preventive measures available
are a high level of maintenance and auto-
matic speed limiting devices. A rubber-
tired, supported vehicle depending on
conventional switches and steel wheels
will be subject to these failures. Interlocks

will, of course, be provided to insure against
a partially operated switch.

In the event of prolonged train stoppage
which would leave passengers stranded in
the cars, it would be necessary to evacuate
the cars. With the Metro system, it would
be possible to leave through the end door
and walk the track to the nearest station.
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EQUIPMENT COMPONENTS

POWER AND PROPULSION

In complying with the high-speed, frequent-
stop performance required of the system,
a rapid transit six~-car train weighing ap-
proximately 172 tons with full passenger
load requires 5230 Kw (7000 horsepower)
of power for a short time (about 6 seconds)
during acceleration at a rate of 3.5 miles
per hour per second until the speed is about
40 miles per hour. After this, the train's
speed continues to increase, but at a lesser
rate of acceleration and power consumption
until a speed of 75 to 80 miles per hour is
reached, depending on the length of run,
when the speed must be decreased and the
train brought to a stop at the next station.
A smaller power demand in addition to
traction power exists continuously because
of electric lights, air compressors, etc.,
on the train. Longer trains would have
proportionally larger power requirements.
It is estimated that on a heavy traffic line,
when trains follow one another on a 90~
second headway, the total power required
would average more than 3,000 Kw per
double -track mile.

Both prime movers (self-contained power
generators) and power-collecting electrical
systems were considered for the Los Angeles
Metropolitan Transit Authority's rapid
transit system.

NUCLEAR AND CONVENTIONAL POWER
PLANTS Experience in other cities has shown
the load factor of a transit system to be low
compared to that of a large public utility
power system serving many customers.
Therefore, a central power plant, whether
nuclear or conventional, which supplies
power to only a transit system would be
uneconomical.

—.
The use of a nuclear power package for

:} propelling an individual car or train is out
of the question from the safety standpoint,
In the event of collision between trains,
contamination of perhaps the entire city
could occur. Further, the United States
Atomic Energy Commission will not permit
civilian use of a mobile nuclear unit.

ronmam—

INTERNAL COMBUSTION ENGINES The use
of diesel and gasoline reciprocating engines
to power rapid transit trains with high ac-
celerating rates is impractical because
of the size of the engine necessary to furnish
sufficient power for frequent high acceler-
ation to high speeds.

Gas turbines using kerosene as fuel have
been developed with sufficient horsepower
and small size to furnish the requisite power,
one turbine to a two=-car unit. The high
temperature, heat losses, fumes, smog,
noise and a danger of fire from fuel tanks
make all internal combustion engines im-
practical for multiple -unit passenger ser-
vice, especially if long subways are to be
traversed.

ELECTRIC MOTORS Direct current traction
motors are very well suited to rapid transit
service with high acceleration rates. This
type of motor is well developed and suc=-
cessful. If alternating current is used, the
a-c traction motors for direct application
have not been developed except for low
frequency (25 cycles per second or less),
which is unsuitable and uneconomical for
rapid transit, or for wound-rotor 3 -phase
motors which are bulky, more costly and
require 3 -phase conductors.

An a-c electro-magnetic propulsion system
has been suggested which does not utilize
rotating motor armatures but visualizes a
3-phase squirrel cage motor laid out longi-
tudinally and flat with the wound armature
on the car arranged to move, with the car,
alongside the stationary squirrel-cage wind-
ing in the form of a rigid slotted aluminum
plate fixed to the track in a vertical plane,
With a 3-phase a-c 60-cycle excitation
on the armature, a strong tractive effort
is created and the car accelerates to a
balancing speed corresponding to the synch-
ronous speed minus the slip caused by the
air gap which is large compared to a round
squirrel-cage motor.

While the round squirrel-cage motor is
unsuitable for the frequent accelerations
of rapid transit service, the flat squirrel
motor is suitable because the heat of the
stator (''squirrel-cage'’) during acceleration
is readily dissipated as the train moves
along the track. However, such a system
would be very expensive.

Another single-phase a-c system, using
high voltage (11,000) current collection
at 60 cycles, with this voltage stepped down
and rectified to d-c on the cars, has been
successfully tested on conventional railroads.
But it would not be applicable to systems
where limited space precludes the high-
voltage current collection. Other serious
disadvantages are the high cost, space
requirements and the weight of control
equipment (including transformer and rec-

tifier) on each car. This a~c system, there-
: SRS ieb
fore, was rejected. i

%

LOW VOLTAGE (600-VOLT) D-C SYSTEM
The 600-volt d-c system has been highly de-
veloped and is in successful operation in
thousands of miles of rapid transit and
surface lines. It is well suited to the high
accelerations of rapid transit service.
Also, it is adaptable to dynamic braking
which saves wear and tear of the wheels
and trucks.

One objection to it is the frequent spacing
of the substations required for power dis-
tribution, but this feature has a redeeming
characteristic because it increases the
reliability of the power supply. Adjacent
substations share the load between them
and one can be out of service for a time
without seriously affecting the operation of
trains, Dvynamic braking of trains is an
important advantage of the 600-volt d-c
system, and higher d-c voltage systems do
not generally possess it because of design
difficulties. The low-voltage contact rail
would occupy much less space than overhead
contact wires of a high-voltage system.

The 600-volt d-c power collection system
is therefore recommended for the new rapid
transit system and its future extensions in
the Metropolitan Area.

SCHEDULE SPEEDS AND TRACTION MOTOR
SELECTION The design scheduled speeds of
the rapid transit trains were determined from
the speeds set up as desirable for riders who
would have the choice of driving their pri-
vate automobiles or riding the rapid transit
system. These desirable speeds then were
modified where necessary to meet the prac-
tical considerations of safe and comfortable
acceleration and braking rates together with
the service requirements of frequent station
stops for the pick up and discharge of pas-
sengers at intervals of 0,38 to 2.1 miles
(average 1.1 miles on the 74.9-mile system).
The minimum goal of 35 miles per hour
average speed between outlying neighborhoods
and the Central City Area was then set.

In order to obtain this speed from the train
equipment, described elsewhere in this
section of the Report, the horsepower of
the traction motors was selected to perform
under various loading conditions with the
following characteristics:

- Maximum accel- 3.5 miles per

eration rate: hour per second
- Normal braking 3.5 miles per

rate: hour per second



- Average length 20 seconds

of stop:

3% (ability to
make up time)

- Time margin over
highest speed
capability:

Figure II-15 shows the calculated typical
speed-time and distance time curves for
performance on the average run on level
straight track resulting in 38.8 miles per
hour average speed from start to start.

This average run is not a sufficient basis,
however, for determining the motor rating
from the heating incurred which is the true
measure of motor capability and endurance.

From inspection of routes, it was evident
that the rush-hour trip of a loaded train
from the Central City Area to the vicinity
of North Hollywood, including severe up-
grades, would be a safe indication of the
maximum motor endurance required. The
heating calculations were made for motors
in this service, operating up to their mo-
mentary capability during the high accel-
erations required and running without
coasting, a condition which would be possible
when the train is late and is making up time.
This trip was calculated using motor speed
and tractive effort characteristics, and gear
ratio selected for the acceleration, speeds
and other criteria as required.

The root-mean-square current (effective
heating current) per motor for this trip,
was found to be 333 amperes which corre-
sponds closely to 125-horse-power (nominal
one-hour rating) 300-volt (two motors in
series on 600 volts). The maximum current
during acceleration was found to be within
the commutating limit for a motor of this
horsepower.

The motor control equipment would be spec-
ified to include constant automatic 3.5 miles
per hour per second acceleration, as de-
sired, for all conditions of loading and
grades, except that on very severe grades,
the acceleration rate will be limited so that
the commutating limit of a 125-horsepower
motor will not be exceeded. The study
showed that 3.5 miles per hour per second
acceleration would be practical for this
motor performance, except on grades over
4% when the acceleration rate must be re-
duced slightly (2.5 miles per hour per second
on 5% up-grade) to stay within the motor
commutating limit. These various compu-
tations result in recommendation that each
transit car be equipped with four 125-horse-
power d-c traction motors.

BRAKING

Dynamic brakes will be used at all speeds
down to 8 to 10 mph. Final braking will be
accomplished with a mechanical disc brake.
Normal braking will decelerate the car at
3.5 mphps. Emergency braking would use
both brakes with deceleration at 4.5 mphps
(2,100 feet stopping distance from 80 mph to
525 feet from 40 mph}. The disc brakes will
be capable of a full emergency stop in case of
failure of the dynamic brakes. Disc brakes
require only one half of the parts of the more
conventional clasp brake and are considerably
lighter.

Disc brakes cost less and last many times
longer than clasp brake shoes in comparable
service. Disc shoe does not have to be
reversed for even wear, There are fewer
parts to maintain, almost half the usual
number of parts are eliminated, with weight
saving of approximately 2,000 lbs. per
each car.

The disc brake design eliminates lost mo-~
tion {back-lash) and no slack adjuster is
required. Today more than 550 railway
passenger cars have been equipped with the
disc brake and on one train 2-1/4 million
train miles of service have been registered.
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VEHICLE DESIGN

A complete design of the transit vehicles
could not, of course, be undertaken at this
time., However, certain design features
have been established and they will be de-
scribed in the following paragraphs.

VEHICLE UNITS The use of semi-permanently
coupled two-car units may reduce the dupli-
cation of auxiliary equipment such as com-
pressors, generators, batteries, and
controls and thereby lower vehicle costs.
While the savings in first cost are highly
desirable, a penalty in the form of increased
operating costs will be paid whenever traffic
density would justify single car operation.
Since the evaluation of this problem is de-
pendent on train headway and traffic studies
yet to be conducted, no recommendatien can
be made at this time. The cost estimates
assume two-car units, The use of both two
and three car units may prove to be advan-
tageous. Each car would be 53'-8" long,
10'-0" wide, and 11'-10'" high, KEach car
will seat a minimum of 52 passengers.
The concept of the interior layout is shown
in Figure II-16.

CAR WEIGHT FACTORS The weight of rapid
transit cars has great importance in its
effect upon the cost of supporting structures
and electric power requirements.

For the Authority, electric power costs will
be approximately $275 per ton of vehicle,
per year., For the next twenty-five years
at 5% interest, this cost has a present worth
of $3,875.00 per car ton. Thus, it becomes
apparent that a lighter car is worth more in
long-range investment; provided that quality
is not sacrificed.

It should be noted that vehicle development
costs would not be incurred on future equip-
ment additions. Structural savings would
be made on future extensions to the overhead
system.

It seems reasonable to assume that ap-
proximately half of the apparent savings
could thus be paid out in the premium cost
for lightweight vehicles; i. e., the Authority
would be better served to pay $180, 000 for
a 30,000 pound car thanto pay $150,000 for a
45,000-pound car. On the recommended
456-car purchase, the builder would thus
have a $13, 680, 000 incentive to reduce weight.

On a recent purchase of new transit cars
for the City of Philadelphia, a bonus of
$3,000 per ton of negative weight (weight
under specific maximum) was offered.

A rough estimate indicates that savings in
costs on overhead structures made possible
by lighter weight cars might approach 1% per
ton of vehicle weight, This would amount to
approximately $23, 000 per mile in initial
cost, or $1,700,000 per ton on an all-
overhead 74-mile system. This savings
amounts to $3, 700 per car per ton for the
estimated 456 cars that are required for the
system. Combining the present worth of
future power costs and initial structural
savings results in a total savings of $7, 575
per car per ton. The current standard for
lightweight cars of the size proposed here
is approximately 45, 000 pounds. By the
use of selected aircraft techniques and
rubber-tired bogies, a 30, 000 pound vehicle
seems feasible. Recalling that $7,575 per
car per ton can be saved, it is apparent
that as much as $56, 800 premium per car
could be paid for this 'negative weight' to
obtain a 30, 000 pound vehicle.

STABILITY UNDER WIND LOADS Design loads
for horizontal wind forces have been se-
lected to permit operation under the most
critical conditions to be anticipated in the
Los Angeles Basin. Winds up to 80 miles
per hour may be expected. For this con-
dition, the wind pressure is estimated to be
20 lbs per square foot on the vertical pro-
jected car surface and 10 lbs., per square
foot uplift on the horizontal projected
surface.

When detail design is undertaken, the effect
of aerodynamic configuration of the car body
must be considered. The design may permit
some reduction in the loads indicated.

DOORS Fast loading of passengers is es~
sential in a rapid transit operation. To
achieve the required speed, three four-foot
doors on each side of the cars are desirable.
Folding doors are preferred for this fast
action and sliding doors will also render
satisfactory service. The use of a soft
rubber non-sensitized leading edge is pre-
ferred. In operation, a buzzer will sound
approximately two seconds before the doors
close. The doors will close with a force of
approximately twenty pounds. A person
caught in the doorway will be able to forcibly
push the door back open and step clear but
the doors would not automatically spring
back. The doors will, of course, be inter-
locked with the train controller so as to
prohibit operation until all doors are closed.

The use of sensitized leading edges on the
doors is undesirable because it becomes too
easy for passengers to hold up the entire
train.

End doors are considered desirable to per-
mit evacuation of the train in case of emer~

gency. The passage of passengers between
two car units would be allowed but would be
prohibited between train units, The small
advantage of passenger movement between
cars does not warrant the cost and labor
required to provide additional safety devices
for through passenger movements., Experi-
ence with other transit operations has shown
little desire for passenger movement be -
tween cars.

WINDOWS AND AIR CONDITIONING Maximum
use of fixed window glass providing good
visibility for both seated and standing pas-~
sengers is desirable.

Heat resisting glass will be used where
necessary to minimize solar heat load on
the passengers. The use of a refrigerated
air conditioning and heat unit is desirable.
A high capacity heating and forced air venti-
lating unit is the minimum requirement.

PNEUMATIC TIRES The pneumatic tires
should be 11 x 20 - 12 ply tires. The tires
will be a mixture of natural rubber and syn-
thetic compound, and being subject to full-
time sunlight and high ozone for long periods
of time, a neoprene skin should be applied to
the tires to prevent deterioration of rubber.

The tires can either be tubeless or with
tube. The tubeless tires will operate at
higher temperatures than tube tires, and
for this reason, the tube tires are preferred.
A black carbon mixture shall be added to
the tire compound for draining the static
electric discharge. This addition of carbon
black does not affect the tire life in any way,

It is recommended that no inert gas such as
nitrogen be used for tire inflation, but rather
regular air inflation should be used.

The small amount of water which may be
introduced with air is actually beneficial.
It has been determined by the various rub-
ber tire manufacturers and manufacturing
companies that up to a quart of water per
large tire will affect a cooler running tire.
Since heat destroys rubber and reduces the
tire life, some small amounts of water are
beneficial to the tire life. The water in
tires distributed heat more uniformly.

Steel cord tires of equal dimensions will
operate at lower temperatures than the nylon
cord tire under identical circumstances.

The steel cord tire has much higher ''corner-
ing power', a higher resistance to deviation
from the tangent and both types are equal
in load carrying capacity.

The next phase of the Metro vehicle devel-
opment should include further laboratory
and field research of tires.
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VEHICLE DESIGN

A complete design of the transit vehicles
could not, of course, be undertaken at this
time. However, certain design features
have been established and they will be de-
scribed in the following paragraphs.

VEHICLE UNITS The use of semi-permanently
coupled two-car units may reduce the dupli-
cation of auxiliary equipment such as com-
pressors, generators, batteries, and
controls and thereby lower vehicle costs.
While the savings in first cost are highly
desirable, a penalty in the form of increased
operating costs will be paid whenever traffic
density would justify single car operation.
Since the evaluation of this problem is de-
pendent on train headway and traffic studies
yet to be conducted, no recommendation can
be made at this time. The cost estimates
assume two-car units. The use of both two
and three car units may prove to be advan-
tageous. Each car would be 53'-8" long,
10'-0" wide, and 11'-10" high., Each car
will seat a minimum of 52 passengers.
The concept of the interior layout is shown
in Figure II-16.

CAR WEIGHT FACTORS The weight of rapid
transit cars has great importance in its
effect upon the cost of supporting structures
and electric power requirements.

For the Authority, electric power costs will
be approximately $275 per ton of vehicle,
per year. For the next twenty-five years
at 5% interest, this cost has a present worth
of $3,875.00 per car ton. Thus, it becomes
apparent that a lighter car is worth more in
long-range investment; provided that quality
is not sacrificed.

It should be noted that vehicle development
costs would not be incurred on future equip-
ment additions. Structural savings would
be made on future extensions to the overhead
system.,

It seems reasonable to assume that ap-
proximately half of the apparent savings
could thus be paid out in the premium cost
for lightweight vehicles; i.e., the Authority
would be better served to pay $180, 000 for
a 30,000 pound car thanto pay $150,000 for a
45,000-pound car. On the recommended
456-car purchase, the builder would thus
have a $13, 680, 000 incentive to reduce weight.

On a recent purchase of new transit cars
for the City of Philadelphia, a bonus of
$3,000 per ton of negative weight (weight
under specific maximum) was offered.

A rough estimate indicates that savings in
costs on overhead structures made possible
by lighter weight cars might approach 1% per
ton of vehicle weight. This would amount to
approximately $23, 000 per mile in initial
cost, or $1,700,000 per ton on an all-
overhead 74-mile system. This savings
amounts to $3, 700 per car per ton for the
estimated 456 cars that are required for the
system. Combining the present worth of
future power costs and initial structural
savings results in a total savings of $7,575
per car per ton. The current standard for
lightweight cars of the size proposed here
is approximately 45,000 pounds. By the
use of selected aircraft techniques and
rubber-tired bogies, a 30, 000 pound vehicle
seems feasible. Recalling that $7,575 per
car per ton can be saved, it is apparent
that as much as $56, 800 premium per car
could be paid for this '""negative weight' to
obtain a 30, 000 pound vehicle.

STABILITY UNDER WIND LOADS Design loads
for horizontal wind forces have been se-
lected to permit operation under the most
critical conditions to be anticipated in the
Los Angeles Basin. Winds up to 80 miles
per hour may be expected. For this con-
dition, the wind pressure is estimated to be
20 lbs per square foot on the vertical pro-
jected car surface and 10 lbs. per square
foot uplift on the horizontal projected
surface.

When detail design is undertaken, the effect
of aerodynamic configuration of the car body
must be considered. The design may permit
some reduction in the loads indicated.

DOORS Fast loading of passengers is es-
sential in a rapid transit operation. To
achieve the required speed, three four-foot
doors on each side of the cars are desirable.
Folding doors are preferred for this fast
action and sliding doors will also render
satisfactory service. The use of a soft
rubber non-sensitized leading edge is pre-
ferred. In operation, a buzzer will sound
approximately two seconds before thedoors
close. The doors will close with a force of
approximately twenty pounds. A person
caught in the doorway will be able to forcibly
push the door back open and step clear but
the doors would not automatically spring
back. The doors will, of course, be inter-
locked with the train controller so as to
prohibit operation until all doors are closed.

The use of sensitized leading edges on the
doors is undesirable because it becomes too
easy for passengers to hold up the entire
train.

End doors are considered desirable to per-
mit evacuation of the train in case of emer-~

gency. The passage of passengers between
two car units would be allowed but would be
prohibited between train units. The small
advantage of passenger movement between
cars does not warrant the cost and labor
required to provide additional safety devices
for through passenger movements. Experi-
ence with other transit operations has shown
little desire for passenger movement be-
tween cars.

WINDOWS AND AIR CONDITIONING Maximum
use of fixed window glass providing good
visibility for both seated and standing pas-
sengers is desirable.

Heat resisting glass will be used where
necessary to minimize solar heat load on
the passengers. The use of a refrigerated
air conditioning and heat unit is desirable,
A high capacity heating and forced air venti-
lating unit is the minimum requirement.

PNEUMATIC TIRES The pneumatic tires
should be 11 x 20 - 12 ply tires., The tires
will be a mixture of natural rubber and syn-
thetic compound, and being subject to full-
time sunlight and high ozone for long periods
of time, a neoprene skin should be applied to
the tires to prevent deterioration of rubber.

The tires can either be tubeless or with
tube. The tubeless tires will operate at
higher temperatures than tube tires, and
for this reason, the tube tires are preferred.
A black carbon mixture shall be added to
the tire compound for draining the static
electric discharge. This addition of carbon
black does not affect the tire life in any way.

It is recommended that no inert gas such as
nitrogen be used for tire inflation, but rather
regular air inflation should be used,

The small amount of water which may be
introduced with air is actually beneficial.
It has been determined by the various rub-
ber tire manufacturers and manufacturing
companies that up to a quart of water per
large tire will affect a cooler running tire.
Since heat destroys rubber and reduces the
tire life, some small amounts of water are
beneficial to the tire life, The water in
tires distributed heat more uniformly.

Steel cord tires of equal dimensions will
operate at lower temperatures than the nylon
cord tire under identical circumstances.

The steel cord tirehas much higher 'corner-
ing power', a higher resistance to deviation
from the tangent and both types are equal
in load carrying capacity.

The next phase of the Metro vehicle devel-
opment should include further laboratory
and field research of tires.
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POWER SUPPLY AND DISTRIBUTION

The problem of obtaining power economi-
cally in a large urban area can be solved
by purchasing electric power from one or
more of the local power utilities which have,
or have planned, ample capacity for the
territory served without building special
generating stations to supply the new load.
The cost of the purchased 3-phase A-C
60-cycle power for the initial 74.9-mile
system would be approximately 1¢ per
kilowatt hour when delivered to the Authority
at six widely distributed locations and then
transmitted over the Authority's cables to
the traction substations.

VOLTAGES

The decisions on number of traction sub-
stations and their spacing, the size of the
current collection wires or rails, depend
on the voltage selected for the current col-
lection systems - the higher the voltage,
the fewer the substations that are needed.

The total cost of the substations can, there-
fore, theoretically be reduced by making
the current collection voltage as high as
possible There are certain technical con-
siderations, however, which limit the cur-
rent collection voltage.

Higher voltages require greater clearances
because the insulators are larger and the
arcing distances are greater. Most urban
rapid transit systems, where overhead
clearances would be costly because of
long tunnels and frequent overhead street
crossings which are required, now use 600-
volt D-C contact rails at the side of the
track and in tunnels with small clearances
in congested areas, The 600-volt D-C sub-
stations are approximately two miles apart.

The rapid transit lines now being considered
for the Los Angeles Metropolitan Area will
also have close clearances for their contact
systems, and, therefore, must use a fairly
low voltage current collection system.

A-C VS, D-C SYSTEMS FOR TRACTION
POWER

The question of whether to use a -c (alter-
nating current) or d -c (direct current) was
carefully considered from economic and
technical standpoints.

The power purchased from the local power

utilities will be a -c¢ 3-phase at a frequency_

of 60 cycles per second and at a voltage of
34,500 volts or 16,500 volts which can be
transmitted economically over the distances
involved. This purchased 3-phase power
will be transformed or converted in the
traction substations to the voltage selected
for current collection. It would simplify
the substations if this 60-cycle a -c power
could be merely stepped down by trans-
formers for use by the trains. However,
this is not possible except through the use
of heavy and expensive torque converters
which are not considered feasible. Direct
current voltage has an advantage over the
a -c voltage for use on rapid transit trains.

The 600-volt d ~c power will be conducted
to the trains through steel contact rails re-
inforced by bare copper cables clamped
along the rails and tapped into them at fre-
quent intervals.

The contact rails will be supported and in-
sulated from the track structure by insula-
tors spaced approximately every 8 feet.
The cars in the trains will each be equipped
with hinged collector shoes on each side of
each truck. The current will return to the
substations through the anti-derail channels.,

TRACTION SUBSTATIONS

The 600-volt d -c power in the current col-
lection system will be obtained from traction
substations spaced approximately two miles
apart. The substations will convert the high-
voltage a -c power to 600-volt d -c¢ by
means of rectifiers. Each substation will
require an enclosed space of approximately
1600 square feet.

HIGH-VOLTAGE POWER DISTRIBUTION

The traction substations will be supplied
with power through a high voltage power
distribution system. It was found to be eco~
nomical to purchase the high-voltage power
at six widely distributed points, one on each
corridor, then distribute it through high-
voltage cables to the traction substations.

The following economic comparison is based
on power consumption of 17,500, 000 Kwhr
per month which is estimated for the initial
system after two to five years of operation:

- Cost of purchased $3,720,000 per
power with sepa- year (1.6¢ per
rate billing at each  Kwhr)
traction substation
(based on utility
company estimate):

- Cost of purchased $2,320, 000 per
power at only six year (1.0¢ per
points of supply Kwhr)

(based on utility
company estimate):

- Savings in annual $1,400, 000 per
cost year

- Cost of the Au-
thority's high
voltage distri-
bution system for
six purchased
power points to
traction sub-

$11,900, 000

stations:

$1, 235,000 per
10% of this cost year

per year plus

maintenance:

- Fixed charges

Therefore, it is evident that the cost of the
Authority's high voltage distribution system
will be justified by the savings in power
cost,



TRAIN CONTROL AND COMMUNICATION

The high peak speeds which the rapid transit
train must attain in order to achieve the goal
of high average speed with frequent stops
will require precise control backed up by
extremely reliable safety features. The fol-
lowing systems of train control were studied
to determine whether they will satisfy these
requirements,

1. Wayside Signals

Manual control by a motorman-operator
on each train observing illuminated way-
side signals located at the beginning of
each track block, to inform him of the
track occupancy ahead. The back-up
safety features comnsist of mechanical
devices at the side of the track which
stop the train if it fails to observe a
stop signal.

2. Cab Signals

Manual control similar to '"One' above,
but with the illuminated signals located
in each operating cab, instead of along
the track., The track blocks are usually
made shorter, and the back-up safety
device is built into the car control equip-
ments and includes compulsory slow-
down as well as stop functions.

3. Automatic Control

Automatic programmed train control
and operation with fail-safe features
to prevent collisions and excessive
speeds in case of failure of program-
med control circuits. No comparable
system is in existence,

Each of these three systems would be sup-
plemented by human supervisors and voice
communication between them and with the
chief train dispatcher. Due to recent ad-
vances in communications methods, voice
communication channels can be maintained
between supervisors and moving trains for
the information of motormen on the trains
or to make announcements to the passengers
when necessary. These systems will be
further discussed in the following paragraphs.

WAYSIDE SIGNALS

Most of the existing rapid transit systems
in large cities, including New York, Chicago,
London, etc., are operated manually with
the motorman observing the wayside signals
to enable him to operate at high speeds with
adequate signals to slow down, stop or pro-

ceed, depending on where the train ahead is
located, and without knowing the speed of
the leading train but assuming it is stopped.

A frequently applied fail-safe feature of
this signal system is the use of mechanical
trippers which raise into the trip position
when the red (stop) signal is shown and
which, if a train fails to observe the stop
signal, will trip an emergency track valve
under the passing train which applies the
emergency brake to stop the train as quickly
as possible and thus prevent the train from
entering the occupied block,.

The normal safe operation of the train de-
pends on the motorman obtaining informa-
tion from the wayside signals which are
spaced for normal braking distances, in-
cluding the human reaction time, plus a
margin of safety. The trains must be oper-
ated far enough apart for the following train
to get a green (full speed) signal when the
preceding train is also in a green block.
The maximum train frequency, therefore,
cannot usually exceed about 30 trains per
hour, while the Los Angeles ultimate re-
quirement has been set at 40 trains per
hour, or 90 seconds headway,

CAB SIGNAL AND SPEED CONTROL

In the Stockholm, Sweden subways, and on
several main line railroads in the U.S. A., the
cab signal system is used in place of the way~-
side signals. Illuminated signals in the motor -
man's cab indicate safe speeds so that he
does not have to wait for a signal until the
train reaches the next track block. Use of
the cab signal system makes the use of
short blocks economically feasible. The
signals can include two or more variations
in allowable train speeds as well as the
stop, clear, and caution signals possible
with the longer -block wayside signals.

Because of the additional signals calling
for speed variations and also because of
the shorter blocks for these additional sig-
nals, the trains can operate closer together
with the same safety as with wayside signals.

Both systems have, or can have, the fail-
safe features of stopping or slowing down
the train automatically and in a safe dis-
tance, in case the signal is not obeyed by
the motorman or in case of power failure
on the signal system.

This cab signal and speed control system
permits operations approaching 90-second
headway of trains safely with speeds up to
70 or 80 miles per hour, while the wayside

signal system with automatic emergency
stops permits operation at approximately
120 seconds headway. Both systems have
designed-in delays to allow for the human
factor requiring an elapsed interval for
the motorman to become cognizant of a
change in signal and then for him to act on
it.

In order to shorten delays at route junctions,
where the signals are usually controlled by
switchmen or towermen who route the trains
in accordance with pre-arranged time tables
or by dispatcher's orders, an automatic
programmer and controller has been de-
signed. Such a device is in successful use
on the London Transport system at each
important junction., It automatically throws
the switches and changes the signals in ac-
cordance with train identifications remotely
obtained from the distant check points on
the tracks leading to the junction. This
programmer would improve the schedule
speeds through junctions on either the
wayside -signal or cab-signal system.

AUTOMATION

The signal systems described above depend
on prompt response by human operators on
the trains, or delays will result. Automatic
operation would eliminate these possibilities
for delays.

Since a complete transit system has never
been fully automated before, the question
of technical feasibility must be resolved,
Reliability is the important consideration
in any system that involves the transporta-
tion of people, especially in an automatic
system where all basic decisions and ac-
tions are made by an impersonal device
rather than human,

A set of system requirements was developed
and distributed among some of the leading
companies in the control and signal fields,
outlining preliminary functional specifica-
tions for an automatic control system for
the Lios Angeles rapid transit system. The
approach taken at this time in determining
the technical feasibility consisted primarily
of a review and survey of proposals sub-
mitted by these companies.

In all cases the proposals definitely stated
that the automation of the system is not only
feasible but that it can be developed with
existing knowledge and components. No new
"technical breakthrough' will have to be
made to perform the task., It is well to re-~
peat here, that the companies who submitted
these proposals are the leaders in the fields
of electronic controls and railway signalling
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The ideal type of automation would provide
an "electronic brain'' that can adapt to any
abnormal situation which might arise, and
take the necessary corrective action to re-
lieve the abnormality, just as a human oper-
ator could. For normal operation, the
automatic system would control all trains
according to a master schedule.

In addition to maintaining a schedule,
use of an automatic control system will
result in a more economical and safer
operation,

The economy is realized by having the speed
control operated automatically according to
a predetermined optimum speed-time pro-
gram. The precise control of an electronic
system can result in sizeable power savings.
With the high speeds and close headways
that the ultimate schedule calls for, auto-
matic control appears to be mandatory if
the schedule requirements are to be met
with complete safety.

Increased safety is realized because of the
multiplicity of safety circuits utilized in an
automatic operation. The system has the
normal safety equipment (described under
Cab Signals) which operates when one train
is too close behind another, or when there
is a signal failure, In addition, the central
computing equipment can sense an unsafe
condition and also send out a corrective
command. Wayside equipment is provided
for positive speed control at curves,
switches, and other places where hazard-
ous conditions could occur.

In all cases, the automatic system can be
provided with a manual override, so that an
on-board attendant can take over control of
the train in emergencies. However, the
wayside speed control provisions cannot be
overridden.
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Figure II-17. Automatic Control Block Diagram

The block diagram of the automatic train
operation system is shown on Figure II-17.
The components of the system are described
as follows:

PROGRAMMER

The Programmer is the unit which stores
train schedules and feeds the schedule in-
formation to a computer. It is a magnetic
tape or drum recorder and various schedules
can be installed in the recorder conveniently
and interchanged if conditions on the transit
system require a new schedule.

It is also possible to make minor changes in
a pre-programme d schedule while it is in
use, without disrupting service. The Pro-
grammer would be located in the Central
Control Station.

CENTRAL COMPUTER

The Central Computer is the so-called
"electronic brain' of the system. It is a
high-speed digital unit specifically designed
for this purpose. The computer receives
data inputs from the various control units
located along the wayside, in stations, and
in yards. These data signals reflect train
status regarding speed, location and loading.
The computer compares these signals with
those from the Programmer, which indi-
cates the desired status and detects impend-
ing hazardous conditions. If the actual
status of the train is not the same as the de-
sired status, the computer will send out
correction commands to the train via the
various control units, to bring the train
back into the schedule. The computer would
be located in the Central Control Station.

YARD CONTROL UNIT

The Yard Control Unit controls the train
when it is entering or leaving any of the
five yards. The control of the train by this
unit is only in effect when the train is on
the entrance or exit tracks of the yards. At
all other times when the train is in the yard,
it will be controlled manually. The Yard
Control Unit will automatically send trains
onto the main track from the exit track upon
command from the central computer. There
would be a Yard Control Unit located at each
of the five yards.

WAYSIDE CONTROL UNIT

The Wayside Control Unit is the equipment
that controls the speed of a train when the
train is between stations or between a sta-
tion and a terminal, This unit receives in-

structions from the central computer by
electrical signals carried in wires and
transmits these commands to the train by
electrical signals using inductive coupling.
The Wayside Control Unit has fixed maxi-
mum speed limits for its own sector, in
line with safety requirements, so that these
safety limitations can override any computer
commands in case of malfunction or exces-
sive schedule requirements. Included in
the Wayside Control Unit circuits are fail-
safe provisions so that lack of a signal will
bring the train to a stop. These units would
be spaced along the tracks as required by
the particular section of the track.

STATION CONTROL UNIT

The Station Control Unit controls the speed
and stopping position of a train as it enters
a station. The unit receives information
from the train by an inductive loop that in-
dicates train identification, destination,
loading, number of cars and speed. With
this information, the Station Control Unit
will stop the train in the desired locations
in the station and announce the destination
and stopping position of the incoming train
to the waiting passengers. The Station Con-
trol Unit will automatically open the train
doors and station gates for a pre-determined
time, close them again, and upon completion
of this function, it will send a start com-
mand to the train.

Interlocking circuits are provided to prevent
starting of any train if the doors and gates
are not in a locked position. One of these
units would be required for each track at
each station.

TRAIN CONTROL UNIT

The Train Control Unit receives commands
from the various control units and actuates
the proper elements of the train's motor
control system to achieve the desired effect,
The unit also transmits, to the various re-
ceiving units, the train's identifications,
destination, number of cars, loading, and
speed. The Train Control Unit is mounted
on the train and only one of these units
would be required for each train although
difficulty of removal may force a unit for
each minimum train unit.



DISPLAY

There would be visual and aural displays
indicating train status in the Central Con-
trol Station, stations, and trains. The
display in the Central Control System would
consist of a panel showing the position of
all trains and switches by the use of colored
lights. The display of stations would be a
visual and aural indication of the destination
and stopping position of incoming trains.
The train display would consist of a speed
indication in the motorman's cab similar
to that of a standard cab control system.
There would be loudspeakers in all the cars
which would automatically announce the
identity of the next station.

Summarized comparisons of Cab Signals vs.
Automation:

Item Cab Signals Automation

Average 36 mph 38 mph
Speed

Minimum Approach 90 sec. &
Headway 90 sec. less

Operational Excellent None
Experience

Safety Good Excellent

Personnel Operator Attendant

Public Good Good
Acceptance

Reliability Excellent Excellent

Estimated $14,900, 000 | $20, 600, 000
First Cost

Estimated $ 48,000 | $ 66,000
Annual
Maintenance

COMMUNICATION

A metropolitan rapid transit system, as
proposed, with stations, junctions, termi-
nals, storage yards, traction substations,
maintenance headquarters, supervisors!
offices, etc., must have adequate and re-
liable communication equipment, with both
normal channels and emergency channels.

The train operating staff would have its own
channels for the chief dispatcher to commu-
nicate with the operating supervisors and
with each train in service. The normal

channel would be combined with the signal
circuits, which can be accomplished without
interference with each other. The emer-
gency channels would be the wayside emer-
gency telephone at each passenger station,
substation, and other locations as required.

The maintenance crews would have normal
telephone service between their wvarious
headquarters and also would have radio
communication with their supervisors when
crews are on their automotive repair ve-
hicles in the field.

The traction substations and high-voltage
distribution switching stations would nor-
mally be unattended and would be controlled
and supervised remotely through a special
supervisory control system using a pair of
telephone wires for their coded control im-
pulses. When electrical maintainers are
in the remote stations, they can use this
control channel for telephone communica-
tions with the central power supervisor,
temporarily interrupting the control chan-
nel only at times when the channel is not
being used to open and close circuit breakers
or transmitting an alarm.

The visual train announcing system at each
station and the audio or visual station an-
nouncing system on each train in service are
important communication functions which
would be incorporated in the signal and train
control systems.

CONCLUSIONS

The application of automation to a rapid
transit system is new. Functional inquiries
for automation systems have resulted in a
wide range of prices. This wide range of
prices occurs because of the diversity of
conceptual solutions and the lack of specific
development. The technical feasibility of
automation remains unquestioned. The
economic feasibility can only be decided
on the basis of pricing specific designs.,
There are some indications that automation
may prove to be less costly than even a cab
signal system. This question must be an-
swered by definitive design,

For the optimum system, the inclusion of an
automatic control system is recommended.
The minimum system would have the cab
signal system with speed control. Adequate
communications, as described, should be
installed.

Wayside signals with automatic stops do not
seem to have sufficient operating capability
to meet the transit system's requirements
of train frequency and speed.
v/“

An automatic control system is included in

the system cost estimates,
 ————,
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SECONDARY DISTRIBUTION SYSTEMS

With the development of the concept of sec-
ondary distribution of passengers within the
Central Business District, it became neces-
sary to give initial consideration to equip-
ment systems which could perform this
important function. Because of the limita-
tions of time, it was not possible to perform
the detailed analysis as was done on the
main line systems. However, sufficient
work was done to investigate the feasibility
and to determine the approximate cost.

The first step in this process consisted of
the development of preliminary criteria
which is given as follows:

1. Capacity 7,000 to 10,000 passengers
per hour in one direction.

2. Average speed 15 miles per hour with rea-
sonable accelerations and decelerations.

3. Grade separated system requiring a
minimum of structure.

4. Small cars of attractive design completely
automated and as quiet as possible.

As may be seen, these criteria are con-
siderably different from those given for the
main line rapid transit system and thus a
different type of system is indicated.

TYPES OF SYSTEMS

Since an exhaustive search for secondary
distribution systems was not possible at
this time, it was decided to concentrate
initial consideration on several systems for
which at least some engineering had been
done. Two such systems are the Stephens-
Adamson Carveyor and the Lockheed~Fussell
system.

CARVEYOR SYSTEM This system is based on
a continuous belt which carries a series of
small cars (see Figure II-18). Turns are
negotiated on motorized tapered rollers.
The belt transfers the cars to the rollers
and another belt receives the car on the
exit end of the roller track. All belt and
curved taper roller tracks operate at syn-
chronized speed which prevents collisions
and automatically provides a uniform car
spacing along the track. At the stations,
the platforms are provided with moving
sidewalks, moving at 1-1/2 miles per hour
in the direction of the main line for the
length of the platform. The main line trac-
tion belt is terminated at a given distance
before entering the station area, and the
cars are transferred to a series of decel~-
erating power driven rollers. These rollers
are driven by an electric motor at constant
speed, but the roller diameter is reduced
progressively, thereby reducing the car-

speed from 15 miles per hour to 1-1/2 miles
per hour through the stations. Since the
moving walk is traveling at the same speed,
passenger entry to and exit from cars is made
at zero relative speed.

The main line car spacing is such as to al-
low ample time for preceding cars to de-
celerate, discharge and load passengers
before coming to the end of the moving walk.
At the end of the walk, the car automatically
engages a series of accelerating propulsion
rollers and is accelerated to main line speed.

The operation of the system is completely
automatic and the cars do not require either
controls or attendants. A test installation
of the system was constructed in Aurora,
Illinois, and several small demonstration
models have been built., The carveyor sys-
temn was selected by the New York Transit
Authority for use at the Time Square Shuttle
but it was never built.

LOCKHEED-FUSSELL SYSTEM This system
consists of a network of overhead tracks and
small electrically powered symmetrically
suspended passenger cars. The stations
are simple sidings from the main line, but
are in the vertical plane, which permits
passenger loading and unloading at the side-
walk level. The system provides for empty
cars to be stored at sidewalk level until
needed., The cars have a capacity of from
two to four passengers and are completely
automated. The passenger upon entering
selects a destination button which activates
the trip cycle and carries the passenger
onto the main line and to his particular des-
tination station. The body of the car hangs
by two hangers from a single truck. Each
truck is provided with four main support
wheels which will be of solid rubber. Guid-
ance of the vehicle is obtained by the support
wheels running in a concave or channel track.
As yet there are no test installations and
the final design engineering has not been done.

CONCLUSIONS For the purposes of our anal-
ysis and estimates of cost, we have projected
the use of the Stephens-Adamson Carveyor
System. However, the Lockheed-Fussell
System offers several advantages and it is
felt that further investigation would be in
order before actually selecting the type of
secondary distribution system. It is recom-
mended that the final selection of the secondary _

equipment system not be made until such ;

_time as the ”Mefcro" system is conétructed.,@

By postponing the decision, full advantage
can be taken of the latest equipment devel-
opments. It is also possible to provide an
interim distribution service in the Central
Business District by using standard motor
buses on exclusive bus lanes,

Aot Fpie le /W‘b[ -

Figure II-18.

Stephens-Adamson Carveyor System
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/The rapid transit system must operate at
{average speeds which are at least competitive
with private automobiles being driven to and
from the Central City Area and outlying
residential areas. Since the trains must
stop at intermediate stations to pick up and
discharge passengers, the speeds between
stations must be high to compensate for the
time lost stopping. Acceleration and braking
rates must also be in high.

The study of traction motor power require-
ments included a consideration of the speci-
fic routes and grades to be encountered.
Four 125-horsepower motors per car were
found adequate for all conditions of operation
up to 1% grade. For grades in excess of
1%, acceleration rates must be reduced
slightly (2.5 miles per hour per second on
5% grade) to stay within the commutating
limit of the motor when carrying the maxi-
mum design load. Consideration of power
system's ability to make up time and of
savings in power consumption prompted the
decision to include a coasting period during
each run which results in a 3.0% increase
over the no-coast running time.

The small increase in running time will
save approximately 20% in power and afford
a margin for making up time when neces-
sary. (See Figure II-15).

The Figure II-15 shows the no-coast and
normal speed time and distance time curves
for an average run (station spacing 1.1
miles) resulting in a 38.8 miles per hour
schedule speed, including 20 second stops.

Train system operations factors which form
the basis for the estimate of the number of
the vehicles required are as follows:

- Four 125-horsepower motors
- Rubber tires
- 20-second station stop
- Four -minute rush hour headway in
each corridor (2 minutes on Wilshire
Common Section)
- 3.5 miles per hour per second accel~
eration and deceleration
- 1.75 miles per hour per second impact
- 3% time allowance for coasting
- Maximum speed 80 miles per hour
- 5% maintenance out-of-service time
(will increase as cars age)
%7 - Approximately 54 persons seated and
73 standing. (Note that seats for as
iqq many as 72 people can be provided by
certain interior layouts)
Vehicle weight empty - 30, 000 pounds

The tabulations presented on pages 21 and
22 of Section I give the estimated normal
running time and elapsed time, including
stops, of a rapid transit train in the four
corridors of the recommended system.

A computation of theoretical running time

using a skip-stop operation has also been
made. The following tabulation is a com-
parison of schedule times of rapid transit
trains skipping alternate stations in out-
lying areas with the schedule times of trains
making all stops. The times shown include
20-second stopping time at each station
stop.

SKIP-STOP SCHEDULE TIMES COMPARED TO LOCAL TRAIN TIMES

8th & Hill Street to Santa Monica "A" Trains "B'' Trains
Time to Reseda Junction (No Skips) 10. 2 Min. 10. 2 Min.
Reseda Junction to Santa Monica
(Skip-Stops) 13.6 Min. 12. 6 Min.
TOTAL 23.8 Min. 22.8 Min.
Time of local run, for comparison 27.6 27.6
% TIME SAVED 13.89  z.°oMe 17.49% o M.
8th & Hill Street to Reseda
Time to Reseda Junction (No Skips) 10.2 10. 2
Reseda Junction to Reseda
(Skip-Stops) 20. 4 19.2
TOTAL 30. 6 Min. 29.4 Min.
Time of local run, for comparison 36.8 36. 8
% TIME SAVED 11. 9% .é;.zu’%}g 20. 0% 7S Mo
8th & Hill Street to Covina
Time to Union Terminal (No Skips) 4.0 4.0
Union Terminal to Covina
(Skip-Stops) 23.1 22.1
TOTAL 27.1 Min. 26. 1 Min.
Time of local run, for comparison 33. 4 33.4
% TIME SAVED 18. 8% ﬁ/ﬂ 21.8%  9.% Ay,
8th & Hill Street to Long Beach
Time to San Pedro Street (No Skips) 1.4 Min. 1.4 Min.
San Pedro Street to Long Beach
(Skip-Stops) 21.8 21.9
TOTAL 23.2 Min. 23.3 Min.
Time of local run, for comparison 31.4 31. 4
% TIME SAVED 26% %3 25.8% DA M
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Transit Facilities Analysis

The facilities portion of the transit system
includes way structures, stations, main-
tenance and storage yards, shops, and other
structures necessary to the installation and
operation of a rapid transit system. These
facilities and in particular the way structures
account for a major portion of the cost of
the transit system.

It has been established that a rapid transit
system must have complete grade separation
from other traffic to insure safe, fast, and
reliable service. This fact eliminates
"at-grade'' operation except in those areas
where no streets or crossings exist. Grade
separation is inherent in subway or in over-
head configuration which is essentially a
continuous bridge structure.

When surface operation is possible, a sus-
pended transit system would require struc-
tures similar to that for overhead operation.
Supported systems, on the other hand, would
utilize ground supported track and secondary
way structures such as vehicle and pedestrian
bridges. Subsurface operation may take the
form of open cut and utilize a track system
of the same type as surface alignment with
secondary way structure providing grade
separation, or tunnel which is constructed
as primary way structure with appropriate
track integrally installed.

One of the principal choices to be made
relates to the selection of the configuration
of way structure to be used. This section
will discuss this question along with other
aspects of the design of transit facilities.

DESIGN APPROACH

Investigations first established functional
and aesthetic criteria as goals for each
facility item. Preliminary designs were
then made to determine the extent to which
this criteria could be met. Materials for
way structures were selected which ap-
peared most advantageous to each system
for aesthetics, maintenance, economy and
functional capability. Safety, cost and
appearance are of prime concern. Designs
were advanced to a point which insured
functional compatibility with equipment and
operating conditions, but not to the degree
required for final design of an operating
system.

The first step in development of way struc-
tures must be the establishment of criteria
in conjunction with local and state Building
Code groups and other agencies involved
with public safety. Particular consideration
will be required to establish dynamic, tor-
sional and seismic load conditions within
the allowable stresses of material. Pres-
ently accepted standards for structures are
not specifically applicable for design of a
rapid transit system because of the departure
from conventional concepts.

CONDITIONS FOR DESIGN

The initial step in developing designs of way
structure for the three systems under study
was to establish critical loading conditions
based on possibility and probability of load

application. Basic working stresses were
assigned and appropriate increases estab-
lished for combinations of dead, live, impact,
torsion, wind, seismic, temperature, and
acceleration loads. Allowance was made
for long term loading as well as repetitive
loads of several million cycles.,

Loading values were developed from pre-
liminary designs of lightweight car equipment
with allowance made to include maximum
possible passenger load. Acceleration
loads assumed the extreme condition of two
trains from opposite directions making an
emergency stop in adjacent spans of the
structure, thus producing the maximum con-
dition for torsion on column and foundation.

The design philosophy of facilities for the
rapid transit system must balance factors of
economy, aesthetics, madintenance and
safety. To arrive at the preliminary de-
signs, a series of investigations were under-
taken to determine the feasibility of various
combinations of materials, shapes of mem-
bers, support systems, etc. The following
paragraphs expand on investigations leading
to designs, described for elevated and sub-
way facilities.

MATERIALS

Selection of materials for construction of
way structures caused the weighing of factors
of first cost, maintenance, adaptability,
appearance, equipment characteristics, in
addition to safety and construction feasibility.
Reinforced concrete was selected for dual
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track and supported mono-beam systems
as the material best suited to meet this
criteria, Structural steel was used for the
suspended mono-beam system due to size and
shape requirements dictated by equipment.

Concrete structures in general have the
advantage of cost, adaptability and low
maintenance. Cost and adaptability are
coupled since moderate changes in span
length may be economically made by in-
creasing or reducing reinforcement and
concrete strength without changing external
dimensions. Maintenance of way structures
is primarily a function of appearance and
may be solved by cleaning procedures at
nominal expense.

Mass fabrication techniques limit variation
of material changes., Shape of the members
also has an important effect on cost, due to
fabrication techniques. To maintain a pleas-
ing appearance, a steel structure will re-
quire washing at regular intervals and
periodic painting.

Materials investigated for overhead struc-
tures include reinforced concrete, pre-
stressed concrete and structural steel.
Physical dimension limitations of equipment
indicated at an early date that only small
variations in member size could be antici-
pated with changes in materials of con-
struction. For example, only nominal
reduction in depth is feasible when structural
steel or prestressed concrete is used in
place of reinforced concrete for supported
systems. Due to the flexible characteristics
and fatigue limitations of prestressed con-
crete and the fact that no significant re-
duction in depth would result from its use,
it was decided that preliminary designs for
dual track and supported mono-beam systems
would be developed using conventional
reinforced concrete.

Studies of beamways for the suspended
system established dimensions using struc-
tural steel which minimized bulk and weight.
Preliminary investigations of concrete,
both reinforced and prestressed, produced
sections of large bulk, weight and difficult
construction. Feasibility of composite
construction was also studied and ruled out
for further study at this time as having
limited adaptability.

High-strength low-alloy steel has a resist-
ance to corrosion from 2 to 6 times that
for carbon steel, depending primarily on
the exact composition specified. Strength
can be 2 to 3 times greater than carbon
steel. In the specific application to the

suspended system, cost may be 50% more
than for carbon steel; however, additional
strength for the minimum beam configuration
is not required and therefore high-strength
steels were not used.

Support structures, in addition to presenting
a pleasing appearance, must occupy minimum
space at ground level and be adaptable to
variations in height., Several forms of struc-
tures were considered but the "Tee' shaped
support offered a pleasing appearance and
possesses great adaptability.

FABRICATION AND ERECTION

Designs developed for the three equipment
systems under study may be fabricated and
erected by conventional construction tech-
niques. Member dimensions approach the
limit of size for present mass production
and transportation capabilities of the con-
struction industry; however, no major prob-
lem is anticipated in the handling of 110-foot
long beamways., Concrete beamways and
support columns have been designed as pre-
cast units. Tower arms are designed as
cast in place concrete.

APPEARANCE

Acceptance of the addition of rapid transit
facilities in the community will require
these structures to be of pleasing appear-
ance and minimum size., Support columns
will have to be of sufficient size to assure
confidence, yet spaced at intervals which
will not seriously impair the field of view
of the neighboring public. To this end,
beamway spans in the range of 100' have
been explored and member shapes selected
for each system which satisfy equipment
needs and reduce bulk to a minimum. "Tee"
shaped columns and support arm structures
have been used for all systems, as this con-
figuration satisfies all criteria and has
extreme adaptability to height variation and
super elevation of beamways.

SOUND CONTROL

Sound control is sufficiently significant to
influence material selection and design
approach. Mass associated with concrete
construction, provides good characteristics
for restraining noise emission from a rapid
transit system to a low level, On the other
hand, steel structures with large surface
areas have poor characteristics for noise
reduction. If steel structures are used in
areas of critical noise control, it may be
necessary to use additional material of sound
deadening nature to develop a composite
structure of acceptable characteristics.

Sound baffles or similar appendages to beam-
ways may be desirable to solve the problem
of noise control. However, this solution is
in conflict with appearance criteria for
maintaining bulk of way structures to a mini-
mum. Noise reduction and control should
generally be accomplished as much as pos-
sible within the limits of vehicle and mini-
mum structure configuration, with external
control methods reserved for critical
conditions.

GEOLOGY AND FOUNDATION CONDITIONS

) of geologic
and foundation conditions existing along the
proposed routes have been carried out by
LeRoy Crandall and Associates, Foundation
and Geology Consultants. A review of logs
of test borings taken in the general vicinity
of the corridors was made and correlated
with surface geologic information. The
purpose of this work was to provide a gen-
eral guide as to the soil conditions likely
to be encountered within the specified areas,
thus permitting a more realistic estimate
of the cost of underground and foundation
construction.

S . . . 1
Preliminary inve stlgatlons(

The soils underlying the proposed routes
are generally well consolidated alluvium -
a mixture of sand, gravel, silt and clay.
Only local areas of "poor' (unstable) ground
are anticipated.

In the]downtown areal, the alluvium recently
deposited by the Los Angeles River bed ex-
tends to a depth exceeding 100 feet. This
soil, predominantly sand and gravel, fills
the river gorge eroded from the older,
underlying shale and sandstone.

LBunker Hill/, north and west of the center
of the downtown area, is an outcropping of
Puente Shale. The subsurface slopes of the
firm shale extend to encompass part of the
downtown route along Main Street and the
Wilshire Corridor line west to Vermont
Avenue. Localized alluvium-filled drainage
channels are cut through the shale at several
places.

Westward from Vermont, the shale and
other rock is overlain to a considerable
depth by continental deposits and more re-
cent alluvium.

(1)

Preliminary review of Foundation Con-
ditions in the Los Angeles Central
Business District and in the Four Tran-
sit Corridors, January 22, 1960 Report
by LeRoy Crandall & Associates.



Again, the more recent alluvium fills natural
north-south drainage channels for run-off
from the Santa Monica Mountains, A major
filled channel at La Cienega may be so ex-
tensive as to require special consideration
for any subway structure to be constructed
at that location.

Ground water level is generally in excess
of 50 feet below grade. However, the pre-
viously mentioned drainage channels will
periodically contain seepage water at sub-
way elevation. Also, local perched water
exists on some shale strata. A prime ex-
ample of both of these conditions is the lake
at MacArthur Park, where water, held by
a dam across a drainage channel, rests on
the impervious shale.

Seismically, all of the Los Angeles Basin
is an active area, However, the only rec-
ognized fault located in the areas studied
is the Cherry Hill fault, which intercepts
the Long Beach Corridor roughly 1-1/2
miles south of Del Amo Boulevard. Although
this and other lesser faults may cross the
proposed system, normal seismic design
criteria will be sufficient since the chances
of a slip across the line are extremely re-
mote, and could not be protected against in
any event.

FUTURE DESIGN CONSIDERATIONS

When final design is undertaken, it is rec-
ommended that alternate designs be devel-
oped in structural steel, reinforced concrete,
and prestressed concrete for the selected
system way structures to insure maximum
economy of construction. Detailed design
may show economic and other advantages
which were not apparent in preliminary
designs. Consideration must be given to
every facet of the structure to insure the
best combination of materials and tech-
niques. Of major importance will be devel-
opment of specifications for testing and in-
spection of materials andfabricationas well
as dimensional tolerance in construction.

At the time of final design for the operating
system, it will be necessary to have detailed
physical data of the selected system operating
equipment from which structures may be
engineered., This information coupled with
specific right-of-way conditions will per-
mit precise appraisal of the many possible
configurations of way facilities., Prelim-
inary designs shown on Figures III-1, III-2,
and III-3 in this report are possible solu-
tions to the problem which meet established
criteria and are considered 'typical' ex-
amples of way structures for evaluation
purposes.

Figure III-1. Typical support and beamway structures for
surface operation of rapid transit system.
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Figure III-2. Typical support and beamway structures

for overhead operation of rapid transit
system.
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(a) Dual track system

OVERHEAD FACILITIES

From studies of land subdivision in areas
in which the rapid transit system may be
installed, spans of 110 feet were established
as best meeting all criteria. This dimen-
sion would promote economical design in
that a maximum of ""typical" spans could be
used with a minimum of special conditions
required for clearing wide street rights -of-
way.

Figure III-3. Typical tunnel structures for subsurface
operation of rapid transit system.
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(b) Supported mono-beam system

"Typical" spans for supported mono-beam
system are limited to 92 feet as this is the
greatest span permissible due to stability
of structure limited by dimensions of the
running gear. Where non-typical conditions
dictate longer spans, typical beam systems
were changed or special supporting meth-
ods provided for cost estimating purposes.

For estimating purposes, spanlengths were
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(c) Suspended mono-beam system

reduced at stations and on short radius
curves. Similarly, at locations requiring
unusual heights, the structure was propor-
tionately increased for estimating costs.
Heights of way structures and clearances
for grade separation were established in
accordance with standards presently estab-
lished by the California Division of High-
ways, California Public Utilities Commis -
sion and similar agencies having jurisdiction
over transportation and safety.
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In general, average ground clearance was
established at 16 feet due to the fact that

minor variations in ground elevation would
not be followed and thus provide relatively
uniform grades for vehicle operation. Mini-
mum clearance over public streets is 14 feet,

Design details of the beamways for the sev-
eral equipment systems are shown on Figure
I11-4.

DUAL TRACK CONFIGURATIONS

The reinforced concrete beamway for this
system has been designed in a Tee-shape
and is formed with a continuous void through-
out its length to reduce dead weight. Width
of the beamway is established at a2 minimum
to accommodate the running gear.

Depth and shape of this member were de-
termined from design. Running surfaces
for load-bearing wheels are removable pre-
cast concrete plank, Horizontal guide wheels
bear on continuous steel angles anchored
to main beams.

Support structure for this system consists
of a Tee-shaped reinforced concrete column
and cross beam. A bracket type connection
is provided on tower arms to receive track
beams. In this manner, bulk is reduced to
provide minimum silhouette and improve
appearance, as well as lowering the entire
structure to minimum ground clearance
level. Provision has also been made for
longitudinal movement of one end of the
track beam, thus minimizing stresses due
to temperature variations.

SUPPORTED MONO-BEAM

Dimensions of the track beam for this sys-
tem are established primarily by the transit
car and running gear configuration. Gross
depth may be varied, however, minimum
depth is set by running gear of the vehicle.
The beam is a reinforced concrete modified
"I'" shape which, due to the limited width,
is limited in span. Where spans in excess
of 92 feet are required, it is necessary to
use a steel beam or develop a structure
similar to the Tee girder used on the dual
track system beneath the running beam for
primary support.

Support towers for this system are similar
to those of the dual track system, except
support arms must be below the running
beam to clear running surfaces of stabilizing
wheels.

SUSPENDED MONO-BEAM

Support beam of circular shape for the sus-

pended mono-beam system is dictated by
bogie configuration, silhouette and economy
of fabrication. Size, basically, is minimum
to enclose bogies and power rail. Continuous
steel running surfaces have been provided
for vertical safety wheels and for vertical and
horizontal running wheels.

The '"Tee'' support tower arm is a fabricated
steel structure with rail beam connection at
one end having provision for longitudinal
movement due to temperature variation. A
bracket type connection, again, is used to
minimize silhouette. Reinforced concrete
columns are used to provide stiffness, rug-
gedness, and minimize maintenance. Con-
nections of cross arms to column are bolted
to permit maximum erection adjustment.

FOUNDATION DESIGN

Preliminary foundation designs for each of
the three equipment systems have been based
on soils information provided by LeRoy
Crandall & Associates. (1) The tower struc-
tures for the overhead facilities will develop
large downward, upward, torsional and
overturning forces. Drilled cast-in-place
concrete friction piles will be the type of
foundation used for the majority of the soil
conditions encountered. This foundation
should be economical for roughly 60 to 80
percent of the tower locations, and will be
reasonably representative of the average
costs at the remaining locations. Where
soil conditions are poorer than those of the
typical condition, driven piling could be
readily substituted; where better foundation
conditions exist, drilled-and-belled caissons

(l)Characteristics of Typical Foundation,
Rapid Transit System, Letter Report by
LeRoy Crandall & Associates, May 9, 1960,

Figure III-4. Typical beamway sections.
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Figure III-5. Typical foundation plan for overhead

way structure.

could be used. Details of the typical founda-
tion are shown on Figure III-5. This shows
two reinforced concrete beams at right
angles to each other, forming an "X'" with
each beam set at 45° to the transit line.
Beams bear on 30-inch diameter drilled
pile, penetrating roughly 40 feet into undis -
turbed soils. Since a large portion of design
loadings will be of a momentary nature,
settlement and deflection of the foundation
is anticipated to be of negligible magnitude
from live loads.

The above information is an estimate of
typical conditions based on the preliminary
soils and geologic information. The infor-
mation is adequate for preliminary estimates
of cost. Specific information for design will,
of course, require investigation of the soils
at the specific locations finally chosen.

SURFACE WAY STRUCTURES

Way structures required for surface opera-
tion of rapid transit vehicles vary widely
depending on the system used. Common to
all systems, however, is the need for pri-
vate property for operation 'at grade'l.
Community acceptance and safety again dic-
tate requirements for security fencing and
landscaping. Planting of marginal sections

of private right-of-way will improve ap-
pearance, aid in sound control, and provide
erosion control. This treatment is similar
to practice employed by the State Division
of Highways on freeways.

Secondary way structures such as vehicle
bridges and underpasses are familiar
structures of concrete and steel construc-
tion which require no elaboration here.
Estimates for surface right-of-way include
costs of primary and secondary way struc-
tures, grading, fencing, drainage struc-
tures, landscaping and land. An artist's
concept of at grade operation in the San
Bernardino Freeway is shown in Figure
III-6.

DUAL TRACK CONFIGURATION
A concrete runway with concrete plank and
steel angle running surfaces of the same

type used for overhead operation is pro-
vided for surface operations.

The structure is a simple reinforced con-

Figure III-6.

crete continuous mat foundation and slab
which supports the transit vehicle. This
configuration is analogous to ties and bal-
last used for conventional rail operations.

SUPPORTED MONO-BEAM
CONFIGURATION

Due tothe high degree of precision required
in alignment and shape of the beamway nec-
essary for this system, it is necessary to
use beam sections similar to those of the
"'typical" overhead configuration. Rein-
forced concrete pedestals support beams
at minimum ground clearance elevation.

SUSPENDED MONO-BEAM
CONFIGURATION

Requirements of this system are the same
for operation "at grade! or overhead, ex-
cept that ground clearance is reduced to
about two feet below the vehicle. There-
fore, way structures are the same for all
practical purposes. A slight reduction in
support column diameter is the only change
in this structure.

Photo rendering of operation in San Bernardino Freeway.
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Figure III-7.

SUB SURFACE WAY STRUCTURES

The advantages of subway transit - mini-

mum surface space usage, minimum in-
terruption of light and air to street level,
and minimum disturbing noise are gained
only at great expense. Subway facility di-

mensions are determined by the rights-of-
way clearance necessary for the transit
system operation. The dual track concept
of the Metro system is best adapted to
underground alignments because the com-
pact car-truck configuration permits the
smallest, least expensive tunnels. The
suspended mono-beam system is least effi-
cient for underground construction due to
the large vertical clearance necessary for
track beams. Subway configuration is a
function also of construction methods em-
ployed. Special investigations(l) of sub-
way construction methods and costs were
carried out by Consultants, Mason &
Hanger-Silas Mason Company, Inc.. Con-
figuration requirements for the several
construction methods are shown on Figure
I1-7.

Subway alignments that were investigated
are primarily located beneath public
streets. This routing is desirable for
several reasons: minimum property ac-
quisition costs, ease of access during con-
struction, and station location on main
thoroughfares. It is necessary however
to deviate from exclusive use of public
streets at junctions of transit routes, and

(1)

"Underground Construction for Mass
Rapid Transit in Los Angeles', Report
by Mason & Hanger-Silas Mason Com-
pany, Inc., May 16, 1960

Typical subway structure cross sections.
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(b) Supported mono-beam system

at natural barriers to economic tunnel con-
struction such as MacArthur Park Lake.
It is also desirable in some cases to follow
a direct path under private property where
street orientation would result in a longer,
more circuitous route. In these instances,
particularly in "high rise" areas, tunneling
is a practical requirement. Protection of
building foundations by underpinning or by
deep tunnel alignment is a far more reason-
able approach than acquisition and demoli-
tion of the properties as required by cut-
and-cover methods.

A high level of passenger safety and com-
fort must be maintained underground. Ade-
quate ventilation is important. Vent shafts

at stations and at short intervals along

tunnels are required to provide fresh air,
and reduce the discomforting rush of air
pushed ahead by moving trains. Walkways
adjacent to each track, with frequent ac-
cess to the surface, are provided to assure
safe passenger escape from any tunnel lo-
cation where an emergency condition might
occur. Pumping stations must be installed
at system low points to remove any water
entering the subway network. Installation
of sound absorbent material on the lower
wall areas is recommended to reduce high
noise levels inside passenger cars.

Open cut alignment way facilities are iden-
tical with surface operation structures with
the addition of extensive excavation and in
confined areas, retaining walls of major
proportion. This construction configura-
tion is applicable only at tunnel approaches,
and where localized sharp variations occur
in terrain which preclude at grade or over-
head alignments.
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(c) Suspended mono-beam system

SUBWAY STRUCTURES

Primary interest in selection of subway

structure configuration is that of cost. Cost

“factors 1n addifion to direct labor and ma-

terial for the subway structure are pro-
tection of existing buildings, property
acquisition, easement costs, utility main-
tenance or relocation, and disruption of
surface traffic.

Choice of construction method is limited
to tunneling or cut and cover procedure.
The tunnel method requires minimum sur-
face access for construction which may be
provided at station locations. Cut and
cover, on the other hand, requires access
from the surface throughout the length of
right-of -way with attendant disruption of
normal surface activities for an extended
period of time. Surface traffic may be re-
stored to near normal circulation by plac-
ing temporary decking over partially
excavated work; however, noise, dust and
general nuisance may exist for several
months with cut and cover methods.

TUNNEIL METHODS

There are many tunneling procedures in
common usage. The method most appli-
cable for size, shape and geology of the
three systems under study is the one de-
veloped in Southern California primarily
for large storm drain and sewer work.

This method uses a horseshoe-shaped open
bottom shield, which supports the periph-
eral earth at the tunnel heading, protects
the workers, and provides easy erection of
a steel rib and temporary lining. As tun-
neling progresses, the shield is propelled

56



57

forward by hydraulic jacks supported on
the previously erected temporary lining.
The horseshoe shape of this lining allows
vertical jacking, after passage of the shield
to minimize surface subsidence. A per-
manent concrete lining is later cast inside
the temporary one. Tunneling progresses
from work shafts through which construc-
tion materials are supplied and spoil re-
moved. In many places, parts of the open
cut excavation for stations may be used as
shafts.

CUT AND COVER METHOD

The cut and cover method has advantages
only in '"bad ground'" which cannot be tun-
neled easily, and for station sections as
well as approach and transition structures
at shallow depth. The sequence of opera-
tions for this method of construction are:

1. By-pass gas mains in the area to avoid
possible leaks in work space.

2. Underpin adjacent structures as re-
quired to protect building foundations
from possible damage during and after
subway construction.

3. Drive soldier beams (Steel H piles)
along excavation outline for lateral sup-
port. Preboring for piles may be sub-
stituted for pile-driving in areas where
noise and vibration are objectionable.

4. Remove pavement and excavate from

surface to a depth sufficient to expose

utilities and to support them as re-
quired; set heavy transverse beams
supported by soldier beams and hang
utilities from them,; set timber decking
on transverse beams at street surface
level. This work may be done in suc-
cessive patches or at night or both to
minimize interruption to street traffic.

Complete excavation under decking.

Construct structure.

7. Backfill, replacing or relocating sub-
surface utilities.

8. Repave.

o~ N

MILAN METHOD

Recently an alternate subway construction
method was developed in Europe. Pile
driving and most underpinning are elimi-
nated by excavating tunnel walls in a series
of pits which are supported during construc-
tion by filling with a bentonite slurry. The
walls are constructed by setting reinforcing
steel frames down into the bentonite slurry
and placing concrete by tremie to displace
the slurry. Excavation between the walls
is then carried to the grade of the tunnel
roof. The roof concrete is placed, and only

then is the tunnel cross-section itself ex-
cavated. A shortsection of the new Toronto
subway was constructed by this method.
No appreciable cost savings have been ex-
perienced with this method and quality of
sidewall concrete, tremied into the bento-
nite slurry is still in question. In addition,
the method is difficult to apply in areas of
extensive utilities.

SUMMARY OF SUBSURFACE WAY
STRUCTURES

Obviously, no one method of underground
construction can be efficient for all under-
ground conditions encountered. However,
construction of parallel single-track,
horseshoe shaped tunnels constructed by
means of open-shield mining methods has
been determined to be the most economical
for the major portion of the routes inves-
tigated. Flexibility of alignment and mini-
mum surface traffic and utilities disruption
are also factors inherent in this method.
Cut and cover methods would be used at
stations where shallow depths would be
maintained.

STATIONS

The purpose of a rapid transit passenger
station is to provide service to the transit
rider and occupants of adjacent property.
The primary function of this service is the
accumulation of transit riders at their
origin of travel and dispersal at destination
with minimum effort, annoyance, delay and
confusion.

The impact of this single item on the ac-
ceptance of the rapid transit system should
not be minimized. More attention will be
focused on the stations after the system is
built than any other single feature of the
system. This is the part people walk
through everyday. Because of the size,
this is the part the adjacent property owner
will '"live with''. It is, therefore, neces-
sary to make the station as attractive,
functional, and aesthetically pleasing as
possible.

Preliminary designs of passenger stations
have been developed to determine space
requirements, access conditions, func-
tional layout and costs of these facilities.
Passenger volumes were established for
stations by Coverdale & Colpitts, Consult-
ants to the Authority on traffic and revenue.
These passenger volumes resulted in three
sizes of stations; low, medium, and high
density. Concept drawings of these sta-
tions, as they may apply to the various.

systems and conditions of rights-of-way,
appear as Figures III-8 to III-24. It should
be borne in mind that stations, like all
properly designed buildings, must be
adapted to the individual sites selected to
insure performance of their intended func-
tion. For this reason, the term '"'concept"
has been used in station layouts illustrated.

Passenger traffic volume data has been
translated into platform width, access stair
and escalator width, and lobby space re-
quirements. It was determined at an early
date that single platform loading was pref-
erable to '"through' loading (entry from one
platform exit another platform) for passen-
ger volumes anticipated for this system.

The layout of a station platform and fare
collection lobby is practically independent
of the requirements of the right-of-way for
overhead or surface operation or of the
system. Access to streets does vary, how-
ever, and such access will have tobe solved
for each station location in final design. A
general solution to the most common con-
dition, that of an overhead system in a pub-
lic street, has been used for preliminary
design and illustration of station concepts.




TYPICAL MEDIUM DENSITY STATION FOR OVERHEAD OPERATION
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Figure III-11. Longitudinal elevation

STATION CRITERIA

After station traffic volumes were estab-
lished in cooperation with Coverdale &
Colpitts, traffic and revenue consultant to
the Authority, it was determined that ac-
cess to low density stations elevated in the
median of public streets may be gained by
passage from sidewalks via crosswalks at
signalled intersections.

Medium- and high-density (Central City
Area) station volumes are of such magni-
tude that passage from adjacent sidewalks
to stations must be positively separated
from surface traffic through bridges or
subways. This requirement for passage-
ways also affords excellent opportunity to
disperse transit passengers over a larger
area of adjacent sidewalks, thereby reduc-
ing potential congestion and annoyance to
all concerned.

Space required for passageways, stairs,

Figure III-12. Typical cross sections of medium

density station

Medium density station

escalators, fare collection and platform
were assigned as follows:

High Medium Low

Station Density Density Density
Platform 336! 336! 336!
length ‘
Platform
width:

Island 20" (net) 15'(net) { 12'(gross)

Side 12! 10! 8!
Stairs 4 2 2
Escalators 4-4 2-4' 2-2'-8"
Turnstiles 36 18 6

The above figures are based on maximum

train length of six cars.

The potenti al

long-term growth of the system indicates
possible demand for eight-car trains.

(1) Dual track system

(2) Supported mono-beam system

Therefore, space has been allowed for fu-
ture extension of platforms to 448' in me-
dium and low density stations. Central
City Area stations have been extended to
448' in preliminary designs due to the ex-
treme impact on adjacent property develop-
ment and high cost which may result should
the additional length be required in the
future.

In all cases except medium density subway
stations, it was determined that central
platforms would best meet all criteria.
Maximum functional capability exists for
fare collection, transfer, operational con-
trol, passenger access, aesthetics, and
economics of operation. Designs incorpor-
ate escalators in all configurations for up-
ward traffic when the rise is in excess of
12 feet. This limit was set to insure maxi-
mum appeal to potential riders of the sys-
tem and to expedite movement within the
station. This does not, however, preclude
a person from using stairs if desired.

(3) Suspended mono-beam system
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FARE COLLECTION

Fare collection methods have been inves-
tigated sufficiently to establish that an
automatic system is practical and adapt-
able to the needs of the Los Angeles rapid
transit systém. The system which is based

on{mileagéétraveled rather than arbitrary

zoning, consists of a cash sale ticket vend-
ing machine and a ticket reading turnstile
operation. Tickets are inserted into the
turnstile upon entry which unlocks the turn-
stile and the ticketis returned tothe patron.
At the destination, the ticket is reinserted
in a turnstile where it is retained and exit
is permitted. If the fare paid is overridden,
the turnstile will return the ticket to the
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patron and summonthe station attendant for
collection of the additional fare. Space for
fare collection within the stations has been
proportioned for the above system, but it is
not limited tothis system should more con-
ventional means be used.

OVERHEAD STATIONS

Designs for all three systems resolve to
the same solutions except for heights of
platforms and slight differences in width
of platforms to accommodate support col-
umns for the suspended system. Illustra-
tions of station plans are based on the use
of supported equipment.

Typical high density (Central City Area) station for overhead operation.

Two factors to be accounted for in develop-
ing stations andin selection of right-of-way
are available space and adjacent land use.
To elevate a station in a public street, a

median width of approximately 10 feet is

I for passenger movement and sur -
face vehicle clearance. The loss of this
width in the paved street would require a

yéomplete change in motor vehicle trafﬁcyi

using this street. To retain existing paved
width for vehicular use, removal of ap-

proximately 6 feet of space presently de-
voted to sidewalks on each side of the
street would be required. Loss of side-
walk width which in most cases is already
classified as minimum is difficult to justify../
Therefore, some changes in present
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Figure III-13. Longitudinal elevation - suspended mono-beam system
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Longitudinal elevation - supported system

T

HHuInne

[ «;Hg{
IR

Figure [II-15.

Platform plan

Vo
»"'{ ‘< J;‘, ot

60



JEESUNIAEENEANNRNANERNS

IERASNSEDEEEBNREANEDRE!

e \‘\\\“\‘\—\‘
o : = : =
—y —
- 1 T oo, N
[ I |
Figure III-16. Mezzanine plan with secondary distribution system High density station
'?E—{ ] 16 32
B a— [} - - - - . = [ ] .. . o) =
\\\ —
i . e
|
|
- [} m L I D R .
g e —
1/ /
LY O NG T |
| A
|
|

Figure III-17.

61

Street level plan - High density station




vehicle traffic circulation may be neces-
saryon some of the streets chosen for
transit alignment. One partial solution is
to relocate presently installed utilities,
such as lighting, power and telephone lines
which are mounted on poles, to an integral
installation with transit way structures and
stations. Sufficient width, presently lost
to these facilities would be available to
widen streets for normal way structures,
but would be insufficient to accommodate
the conditions occurring at stations. A bo-
nus feature of this method of widening
streets would be the removal of the forest
of poles presently cluttering the skyline.

Further expansion of factors of available
space and adjacent land use should consider
space occupied by station platforms for the
three systems under investigation.

Obviously, the smallest overhead beamway
structure will be the most acceptable to
the general public, assuming it is of pleas-
ing appearance. The supported mono-beam
system requires the smallest structure.
The apparent bulk at a station, however, is
not as strongly emphasized due to the size
of the platform and weather shelter propor-
tions. By referring to previously tabulated
platform width requirements, it is easily
seen that the central platform arrangement
will produce a condition of least bulk.

Another advantage of the central platform
is that the intruding eye of the transit patron
on the platform is removed as far as pos-
sible fr om adjacent property. Although
this difference in distance is small, it may
be significant in some locations.

Nominal weather protection has been in-
cluded in all designs. It is reasonable to
assume that wind screens and rain or sun
shelters are sufficient protection for the
transit patron during the brief period be-
tween trains. Lighting of this area should
be attractive and inviting without annoy-
ance to adjacent property.

Low density stations have not been illus-
trated due to their similarity to medium
density stations. Differences consist of
narrower platform and escalators, and the
omission of ticket lobby and street passage
area. Fare collection is easily accom-
plished as space requirement is minimal,
for this type of station.

SECONDARY DISTRIBUTION SYSTEM

A secondary distribution system for the
movement of persons within the Central
Business District has been included in the
concept of high density stations. A sys-

tem of secondary distribution in conjunc-
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tion with the rapid transit system will
reducefcongestion/ of sidewalks consider-

ably below that which may be anticipated
adjacent to stations if only the rapid transit
system is installed. Very little change
in station layout will occur if the secondary
distribution system is not included.

(1) Dual track system

(2) Supported mono-beam system

(3) Suspended mono-beam system

Figure III-18 Typical cross sections of high density station
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TYPICAL MEDIUM DENSITY STATION FOR SUBWAY OPERATION

Figure III-19. Side platform plan
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TYPICAL HIGH DENSITY (CENTRAL CITY AREA) STATION FOR SUBWAY OPERATION.
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Figure III-21. Central platform plan

Figure III-22. Mezzanine plan

Figure II[-23. Street level plan
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SUBWAY STATIONS

High density (CBD) stations differ from
medium density stations in platform ar-
rangement. Central platforms are used in
the CBD, primarily to facilitate transfers
and provide maximum flexibility in passen-
ger handling. Due to traffic volume, a
large ticket lobby is required and a means
of gaining maximum traffic dispersal is de-
sirable. These functions are best served
by a mezzanine and central platform. The
medium density station can function ade-
quately from two platforms and takes ad-
vantage of the lower cost of construction.
A mezzanine is not required. The result-
ing shallower stations reduce operating as
well as first costs.

A pleasant and safe passenger environment
is most difficult and expensive to attain un-
derground. Profuse use of easily main-
tained tile in light colors may be advanta-
geous to improve psychological conditions.

Adequate station and tunnel ventilation is
another significant factor effecting passen-
ger health and comfort. The ""piston effect"
of train operation moves sufficient air for
health considerations, but it also creates
a rush of air ahead of incoming trains,
which is uncomfortable to station platform
and lobby occupants. Vent shafts in sta-
tion entry tunnels and in station ceilings,
reduce this discomfort and provide fresh
air inlet: shafts spaced at short intervals
between stations are required to provide
fresh air throughout the length of the
tunnels.

Sound control within stations will also im-
prove conditions for passenger appeal.
Proper use of sound deflecting baffles in
conjunction with strategically located sound
absorbing materials should produce the de-
sired result.

Proponents of underground construction
have emphasized the possibility of using
subway structures as fall-out shelters. It
must be pointed out that structures designed|
for efficient transit operations will not|
make effective shelters against weapons of]
war as are now being produced. An impor-
tant shelter design feature involves com-
plete and immediate sealing of all portals
correlated with blast proof filtered air in-
lets. The large, easily accessible station
entries and numerous direct ventilation
facilities in stations and tunnels are incom-
patible with these requirements. Also,;
shelters must embody all provisions forj
prolonged occupancy during periods oﬁ
hazard. It is reasonable to coordinat
shelter and transit construction, but onl
on the basis of contiguous, rather thai
identical structures. ‘
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(2) Supported mono-beam system

Figure III-24.
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MAINTENANCE AND STORAGE
FACILITIES

Facilities required for the maintenance,
inspection and storage of rapid transit ve-
hicles are relatively simple structures of
a functional nature. '

The concept layout of the maintenance shop
and central storage yard shown on Figure
II1-25 is suitable for servicing the needs of
any one of the three systems studied. It
has been assumed, for purposes of cost es -
timating, that no existing buildings are
available or adaptable to perform the func-
tion of maintenance on rapid transit ve-
hicles. It may be possible, however,
depending on the system chosen, that build-
ings do exist which could perform these
functions and that such buildings are rea-
sonably accessible from the rapid transit
system. A preliminary layout of the dis-
patchers building tobe included in the Macy
Street facility of the Authority is shown on
Figure III-26.

To minimize operational costs, a storage
yard is planned at the end of each of the
branch corridors and at the Macy Street
facility. It is expected that only the rou-
tine inspection, lubrication, cleaning and
washing would be performed at end of line
storage yards. All vehicles requiring re-
pairs or major maintenance will be sched-~
uled into the Macy Street shop facility. See
Figure III-27. This shop will be equipped
to do all necessary work to replace com-
ponents and to do body work and painting.
Major machine tools, which would duplicate
the existing South Park Shop facilities, will
not be provided. Components such as trac-
tion motors and air compressors, will be
sent to the South Park Shops of the Transit
Authority for reconditioning as required.

Based on this operational plan, applicable
to all systems, we may discuss the yard
requirements for each.

DUAL TRACK SYSTEM - YARDS AND
SHOPS

Cars for this conventional system would
operate on grade with their steel safety
wheels on standard gage track in yards,
using conventional switches. Yard re-
quirements will not be greatly different
from street car and other rapid transit sys-
tems now in existence.
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Figure III-25. Plot of suggested maintenance shops and storage yards at Macy Street.
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Figure III-27. Concept of central maintenance shop - Initial installation may be expanded as needed to provide additional facilities as the system is expanded in the future. Heights
shown on sections indicate openings necessary for equipment to enter the building.
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and manner in which servicing is to be performed.

It should be noted that tracks must be raised
above grade by approximately 2inches even
in paved areas. A bonus feature of this
operational concept is the elimination of
need for vehicle jacks for tire changing
since the tires are clear of the ground in
storage. Removal of tires will permit cars
to be moved over any standard gage track.

An electrical contact rail will be utilized
in storage areas but not in shops because
of the hazard to personnel. A shop mule
on overhead rail and pigtail will be used to
move cars as required when away from the
contact rail.

SUPPORTED MONO-BEAM - YARDS AND
SHOPS

The supported mono-beam system cannot
abandon its supporting beam. Since eco-
nomics force yards and shops to be on
grade, the riding beams will form a series
of barriers to cross traffic.

Shop and yard layout are restricted by track
beams and the need to provide motor vehicle
access. Pedestrian cross-overs will be
required for access by maintenance and
operating personnel in the yards.

The bulky, slow operating, high cost
switches force consideration of other
means of achieving the switching objective.
Round tables and transfer tables are phys-
ically able to achieve the transfer, but are
so slow as to prohibitmaking uptrains when
operating on a short headway. They do,
however, offer a possible way of diverting

cars going into the shops, since the need
then is to move one car when time is not
critical.

Since there is no apparent simple solution
to this switching problem, it becomes man-
datorythat the systembe designed to utilize
the fewest possible number of switches.
This, in turn, suggests that the storage
tracks be few in number and very long. In
the extreme case, this might be just an ex-
tension of the main line track or a third
track along the main line. However, use
of an elongated third track for storage may
result in complaints from nearby residents
because of the nature of the facility.

Major overhauls requiring removal of the
bogie will require the car body be raised
fromthe running gear by an overhead crane.
The raised track in shop areas will require
passageways below beams to enable me-
chanics to move throughout the shop. The
track at the same time places running gear
in an accessible location. Track sections
with hydraulic lifts may be desirable.

Since the track beams obstruct other ve-
hicles, shielded power rails in the shop
will be required to permitcars to move un-
der their own power. These power rails
will be de-energized when not in use.

SUSPENDED MONO-BEAM - YARDS AND
SHOPS

Suspended vehicles can come down to
ground level, but must always have an over-
head structure.

Switches are bulky, slow operating and ex-

4 8AYs AT 30" 120

FLOOR PLAN

Total building height may vary greatly depending on type of equipment selected

pensive leading to the long, narrow storage
yard concept.

Shops must also have the overhead struc-
ture although this may be used to advantage
by providing open top tracks and a mezza-
nine platform for servicing the bogies.

The mezzanine platforms with suspending
rails will require heavy framing support-
ing roof structure to permit open flaor
space and the use of a shop tug for moving
cars. Powered hoists will be used for re-
moving bogies for major repair.

MAINTENANCE OF FACILITIES

If an overhead structure is of pleasing ap-
pearance when construction is complete,
a regular program of maintenance will be
required to retain such appearance. Clean-
ing at regular intervals by washing steel
and brushing concrete structures must be
anticipated. A method may be devised
which will include a special vehicle oper-
ating on the transit system track which will
be capable of performing the necessary
cleaning task. Painting of steel structures
presents a more serious problem from the
standpoint of economics. However, with
proper specification of materials and work-
manship, and proper periodic cleaning, a
painting cycle of two years or more may
be expected to provide the level of appear-
ance desired.

SUMMARY - MAINTENANCE AND STOR-
AGE FACILITIES

The shop build.ing layout indicates varia-
tion anticipated in building for the three
systems under consideration.




Gross building height has not been estab-
lished due to the close relationship of final
equipment design to operational practice.
Space allocation for indicated functions has
been established from current practice and
anticipated needs for the new system.

Storage track layout is based on the dual
track system. Either of the other systems
would follow a similar pattern with the ad-
dition of at least one transfer table.

COMPARISON OF SYSTEM FACILITY
REQUIREMENTS

In determining the influence the facility re-
quirements of the several equipment sys-
tems will have on the over-all selection of
the system, it is necessary to select cer-
tain parameters. The Authority, because
of its enabling legislation and financing
limitations, has sought the configuration
most economical to construct and operate.
The Authority is vitally concerned with the
many effects of the transit system upon the
community through which it passes, and
must also provide a system with maximum
appeal to the user. Those criteria indicate
the desirability of quiet equipment, running
on a graceful, predominately overhead
structure, except in areas where operation
at grade is possible. A short section of
tunnel is used in an area where city streets
are not suitably oriented anditis more eco-
nomical to build underground than to ac-
quire private right-of-way.

The comparative analysis included in Sec-
tion IT of this report covers many aspects
of the differences in facility requirements.
In addition, a further comparison of the
difference in facility requirements will be
found in the estimates of the cost of the
several systems found in the COST ESTI-
MATES Section of this report, since the
facility portion of a transit system amounts
to such a large proportion of the over-all
cost. It is felt that this cost comparison
is the most significant comparison which
can be made, for while the systems each
have certain advantages and disadvantages
in each configuration, they can be adapted
to any of them, and thus the selection from
the facilities standpoint is primarily a mat-
ter of cost. Preliminary structural details
of the three systems were developed for
cost estimating purposes. Figure III-28
shows the drawing of details for the rec-
ommended overhead "Metro" system.

Figure III-28.
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Subway construction is entirely possible
in Los Angeles, but would cost from two
to three times more than overhead facili-
ties which provide the same service. A
subway system in the Central Business
District and in the Wilshire Corridor would
have many advantages. However, a pre-
dominately overhead systerm would be, by
far, the most economical to build and oper -
ate, and is therefore recommended. Over-
head ""Metro'' lines would be installed with
long span beams and single column con-
struction in order to provide an aesthet-
ically pleasing structure. An example of
this type of construction is shown on Fig-
ure II1-29.

Figure III-29.

Photograph rendering of La Brea Boulevard overhead.
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These factors were applied to the several
possible alternates in the preliminary se-
lection of the two or three alignments to
receive detailed comparison in each
corridor,

The same procedure was followed in the
Central Business District. However, the
higher density of the Central City required
a greater emphasis of secondary distribu-
tion of passengers, Therefore, service
considerations became a dominant factor in
alignment selection.

STATION FACTORS

The selection of rapid transit station sites
was based on several basic considerations:

- Expected passenger volume densities
as obtained from the Coverdale &
Colpitts reports.

- Spacing requirements needed to main-
tain desired speeds and headways.

- Proximity of site to major surface
streets and freeways that would pro-
vide adequate access to established
bus routes and to passengers arriv-
ing by automobile for ''park 'n ride"
or '""kiss 'n ride'' service.

- Adaptability of site for construction
of stations and facilities.

COMMUNITY ACCEPTANCE FACTORS

During the evaluation of alternate align-
ments within each of the four initial sys-
tem corridors, community acceptance
factors were given primary considerations.
Basically, these factors were divided into
two main categories: Internal, which per-
tains to tramnsit vehicle and station design
comfort features affecting the transit sys-
tem passenger; and External, which includes
noise, traffic interference, neighborhood
disruption, utility interference and aes-
thetics affecting the transit system neighbor.

The criteria used during the evaluation of
alternate alignments for the four recom-
mended corridors from the community
acceptance standpoint, were developed with
the assistance of Victor Gruen Associates,
consulting planners who conducted special
investigationsl in community planning.

These criteria factors are:

- Traffic Interference - System must
be grade -separated throughout.

"Community Planning Considerations",
letter report by Victor Gruen Associates,
June 1960.

- Neighborhood Disruption - Reasonable

frequency of access must be made
across the system to maintain con-
tinuity of neighborhood areas.

- Utility Interference - Unreasonable

disruption must be avoided during
construction of system.

- Aesthetics - Transit vehicle, way

structure and stationdesign musthave
a high degree of visual attractiveness.

STATION PLANNING - EXTERNAL
FUNCTIONS

Rapid transit stations are planned to pro-
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vide an efficient fare collection system,
maximum comfort and pleasing aesthetics,
and whenever possible, to facilitate impor-
tant external functions such as:

- Bus connections

- "Park 'N Ride'' operation

- "Kiss 'N Ride" traffic

- Pedestrian flow

- Transferring

- Relation to streets and sidewalks
- Access to buildings

Layouts of two typical stations incorporating
many of these features are shown onFigure
Iv-3.
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BUS CONNECTIONS

e
{Integration of surface transit service with

{the proposed rapid transit system is highly

. essential in order to offer a well coordinated
{ mass transportation plan. Such surface

ftransit service, buses or trolleys, will de~
‘liver passengers to rapid transit stations
- and stimulate the overall patronage of the

; transit system. DBus loading facilities at
. major stations would be provided by special
- ramps or turnout lanes. At other stations,
' similar provisions should be considered or
- curb loading zones provided as a minimum
- facility.

J—

"PARK 'N RIDE'" OPERATION

Certain stations have been designated as
"park 'n ride' stations for the initial sys-
tem. Provisions have been made for ap-
proximately 1800 automobiles spaces in the
Wilshire Corridor, 3000 spaces in the
Reseda Corridor, 4000 in San Bernardino,
and 1500 in the Long Beach Corridor.

It is reasonable to expect that the parking
demand in each corridor will appreciably
exceed these figures, However, the lack
of sufficiently large parcels made it neces-
sary to provide parking only at key locations
and limit the number of spaces to the size of
the lot which may be available at a reason-
able cost. The Wilshire Corridor, for ex-
ample, is expected to carry the highest
number of transit riders exclusive of the
Central City Area. Estimates indicate the
probable parking demand may exceed 6000
spaces in the initial phase. Yet the high
cost of land along this alignment limits
consideration to areas providing 1800
spaces at this time. Further investigation
seems warranted on this problem after
a more precise determination of traffic
and revenue estimates.

"KISS 'N RIDE" TRAFFIC FLOW

In addition to providing parking facilities
at major stations, it is important that short-
term loading zones be established for those
commuters whose wives or friends provide
automobile rides to and from stations.

Many proposed rapid transit stations are
located along streets where no off-street
parking or loading facilities are available.
It may be desirable to request local author-
ities to provide parking areas, or curb
loading zones, and it may be possible to
construct special off-street loading areas
or access driveways for such traffic.

PEDESTRIAN FLOW

Regardless of the conveyance to the station
area, the passenger must reach the platform
by foot. His approach must be made direct
and safe.

This means that at all stations special pro-
vision must be made to allow the pedestrians
to reach the platform with a minimum of
effort and conflict, Should the station be
located in the median of a street, direct
connection between the sidewalk and plat-
form will be necessary. This will be done
by a walkway connected by stairs or esca-
lators, rising above the trainway, crossing
over, and then back to street level; through
adjacent buildings; or by pedestrian
underpass.

TRANSFER FACTORS

In the recommended initial phase, we have
given careful consideration to the desires
and convenience of passengers whose trips
will necessitate a transfer movement.
There will be four transfer points or stations
in the initial system; three in the Central
City Area, and one at the junction of the
Reseda and Wilshire Corridors. In each
case the transfer from one line to another
could be made conveniently by a cross-
platform movement,

Convenient physical transfer features alone
cannot accomplish the job of providing the
rapid transit rider with the kind of fast,
efficieht service he demands., The system
must have the maximum frequency of service
physically and economically possible.

During rush periods, the time interval
between units may approach the generally
accepted minimum safe operating headway
of 90 seconds; at other times headways
could vary up to 15 minutes, depending on
fluctuations of passenger volume demands
and the time of day, With this kind of serv-
ice, riders transferring from one line to
another may leave one transit vehicle, and
after a minimum wait at the station plat-
form, board another transit vehicle to a
destination.

— i

) Further review of frequency of service and

scheduling will have to be made after more
detailed estimates of passenger loads are
made by others,

L""v

Interchange features or transfer between
rapid transit vehicles and supplementary
equipment will also be part of the overall

mass transportation plan, As mentioned
heretofore, feeder buses must be considered
an important branch of the plan bringing
passengers from areas not within reasonable
walking distance of rapid transit stations.
Each station, therefore, must be designed
to provide easy, direct transfer of bus
passengers onto rapid transit vehicles.
This has already been discussed elsewhere
in this report in more detail, Scheduling

__of feeder bus lines must, of ‘course, be.
_coordinated with the rapid transit system to

_offer an optimum service,

In addition to bus interchange facilities, it
has been recommended that a secondary
distribution system be incorporated into
the Central City Area plan., This system
is described more fully in the section cover-
ing the Central City Area. However, men-
tion should be made here that this is also
considered as a transfer feature of the over-
all transportation plan.

Direct transfer facilities will be provided
at Central City stations between rapid transit
vehicles and secondary system equipment,

RELATION TO STREET AND SIDEWALKS

Where rapid transit stations are located
along streets, there must be certain min-
imum standards established to avoid the
creation of undesirable aesthetic features,
unsafe conditions, and characteristics de-
trimental to the efficient and expedient
flow of automobiles and trucks along the
street. In general, means for direct access
of pedestrians between the sidewalk and
station platforms by an underpass, overpass
or an abutting building will be provided.

Should the rapid transit structure be over-
head, vertical and horizontal clearance and
safety requirements have been reviewed
and clearly established,

Where special bus access driveways for
loading and unloading of rapid transit pas-
sengers are required, establishment of an
ordinance usually will be necessary.

If the rapid transit line is below grade, the
problem of clearances will generally apply
only to the sidewalk areas where stairs or
escalators will be constructed. In general,
a minimum clear sidewalk width of five feet
must be maintained unless otherwise ap-
proved by the governing public agency.

In the matter of maintaining safe flow of
vehicular traffic, the space required by
way structure columns and street median

Vor.




must not reduce the remaining street width
to a point where subsﬁt’éndard lane widths
results. Such lane widths should be kept at
11 to 12 feet. Howe/v’ér, in some instances,
a minimum of 10'feet may be used if ap-
proved by the public agency which has juris-
~diction over the street. Additional features
such as guard rails, lighting, signs, etc.,

must be provided at pedestrian underpass
entrances.

UTILIZATION OF BUILDINGS FOR ACCESS

In many instances, in the Central City and
other high or medium density areas, it
would be advantageous to utilize buildings
for providing direct access to the rapid
transit station platforms. Regardless of
system configuration (underground or over-
head), this station concept would provide
the best service in areas where it is desira-
able to maintain maximum unobstructed side -
walk widths,

In future years, as the rapid transit system
gains greater patronage and demand for
parking will increase, '"park 'n ride' ga-
rages incorporating direct passenger access
features seem probable.

ALIGNMENT AND STATION LOCATIONS
WITHIN THE CENTRAL CITY

%The Los Angeles Central City becomes, by

{wirtue of its position at the junction of the

[’itransit corridors and the freeways, the
fheart of the metropolitan transit and trans-
‘portation system,

The Central City Area is defined as that
section of the city generally bounded by the
Harbor Freeway on the West, the Santa Ana-
Hollywood Freeway on the north, San Pedro
Street on the east, and the Santa Monica
Freeway, now under construction, on the
south, The Union Passenger Terminal com-
plex is also included. A land use plan, as
developed by the Los Angeles City Planning
Department, was carefully reviewed and
became a significant influence in planning
rapid transit service concepts in the CBD,

During the course of engineering investi-
gations, many different plans for rapid
transit service were analyzed for their
adequacy in providing satisfactory service
to, and distribution of, passengers within the
Central City Area.

CENTRAL CITY SERVICE

The several alternate alignments selected

for study fall into one of four basic concepts
of transit service to the Central City Area.
For convenience of discussion, three basic
concepts have been defined as: 1) major
center terminal; 2) inner loop; 3) outer loop
(freeways); and 4) off-side main line and
secondary distribution.

Each of the basic concepts demonstrates
certain advantages., The concept of the
major center terminal finds advantage in
simplicity and ease of comprehension for
potential transit passengers.

An inner loop would provide for passenger

Figure IV -4. Central City Plan

distribution in the Central City Area with-~
out a secondary distribution facility. The
outer freeway loop lends itself to the use
of an economical elevated way structure
throughout. It is the concept of an off-
side main line with a secondary passenger
distribution that derives a certain portion
of the advantages of the other three and
most readily integrates itself into the future
development of mass rapid transit for the
Los Angeles Metropolitan Area., The rec-
ommended plan is shown on Figure IV-4
and this conforms with requirements for the
eight-corridor plan, as shown previously
on Figure IV -2,

FOURTH..
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CENTRAL CITY ALIGNMENT ALTERNATES

Large areas in the Central City have been
cleared tc provide parking for an automobile
oriented population. Utilization of air rights
over such areas could provide suitable pri-
vate rights-of-way for overhead rapid
transit. In other areas, both in Central
City and in the corridors, new improve-
ments such as apartment houses, large
office buildings, and fine homes make a
private right-of-way excessively expensive.
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The subway tunnel from Glendale Boulevard
near Beverly Boulevard to the Hill Street
terminal was utilized by the Pacific Electric
Railway for many years. This facility

illustrates the advantage of subway in pri-
vate right-of-way making possible passage
of transit lines through areas of dense popu-
lation by the most direct route.

Land use and basic geometrics of the street
are two important factors dictating feasi-
bility of appropriately designed overhead
way structures,

In addition, stations could be in some cases
incorporated with existing buildings. The
above photos show existing facilities poten-
tially usable in future developments of rapid
transit in the Central City Area.

In the Central City Area, there are streets
which would derive some economic advantage
from the proposed system of mass rapid
transit., DBetter transportation could ac-
celerate needed redevelopment in many
areas of the Central City Area as illus-
trated by the accompanying photographs.

The subway alternates were designed to fit
in with the same concept of off-side main

line service as planned for an overhead
facility,

Plans and profiles and specific alignment
descriptions of the several alternates are
given iater in this section.

INTERCHANGE OF CORRIDOR LINES AT
CBD

One of the principal problems encountered
in the Central City is the development of a
suitable junction of the lines serving the
various corridors. While it is desirable
to provide for full flexibility of operation
by enabling trains to proceed from any cor-
ridor into any other corridor (full inter-
change), such flexibility is expensive to
provide.

While a partial interchange would require
transfers, it is believed that a transit pas-
senger desiring through service would pre-
fer a convenient transfer at the CBD to
waiting at the origin extra minutes for a
train destined to his specific corridor,

There will be two basic transit movements,
one between the Wilshire-Reseda Corridors
and the San Bernardino Corridor; the other
is between the Wilshire-Reseda Corridor
and the Long Beach Corridor, It is contem-~-
plated that a passenger on the Long Beach
line could travel directly to a destination
in the San Bernardino Corridor without
transferring, but with a limited number of
trains providing such service,

SECONDARY PASSENGER DISTRIBUTION

Rapid transit service to the Central City
Area can generally be classified according
to the ability of the system to deliver riders

within easy walking distances {two or three

impractical the development of
of such facilities to provide ti
service in the Central City Area,



The recommended plan for the initial phase
of the rapid transit development sets forth
the concept that three principal main line
stations would be most appropriate for main
line service. However, three stations, no
matter how they might be placed within
the Central City Area, cannot adequately
distribute passengers throughout the whole
area.

During the course of our review of proposed
rapid transit systems, proposals were made
for transit facilities and equipment, which
although not meeting the criteria for speed,
passenger handling capacity, etc., for the
main line system, could be developed for
use in a secondary distribution plan. The
secondary distribution system would be
keyed to the three stations from the main
line rapid transit system and would provide
for three service loops, two oriented east
and west and one oriented north and south
within the Central City Area. This would
make it possible to utilize the combination
of main line and secondary distribution sys-
tems to distribute passengers within approx-
imately two blocks of any destination within
the Central City Area. This assumes that
stations in the secondary distribution sys-
tem would be spaced at approximately 600~
foot intervals. While no attempt has been
made to assess the economic feasibility of
the secondary distribution facility, there are
indications that such a facility might be almost
entirely self-sufficient from use by pedes-
trians traveling from one section of the Central
City Area to another. Estimates indicate
that speed would be in the order of 15 miles
per hour; capacity would be 7,000 to 10,000
passengers per hour in one direction; size of
cars would be for eight to ten people, and
equipment would be, for all practical pur-
poses, noiseless,

The supporting structure required for such
facilities would be relatively lightweight
and, if located along a sidewalk alignment,
would occupy no more space than existing
street light poles.

It is further anticipated that existing street
light facilities could be incorporated with
such structures,

Approximately five miles of the secondary
distributer would be required as an ad-
junct to the main line rapid transit facility.
Present planning indicates that the most
desirable facility would be an overhead
configuration at approximately second or
third-floor level. It would also be desirable
to locate stations in a manner to integrate

with existing buildings, thereby providing
direct access for transit passengers or
other persons desiring to utilize the facility.

The principal desirable aspects of the com-
bination of main line rapid transit and sec-
ondary distribution facilities are as follows:

- Minimum number of expensive main
line rapid transit stations.

- Minimum mileage of main line rapid
transit structure in the Central City
Area.

- Maximum service provided to the
entire Central City Area.

- Delivery of passengers to points closer
to the center of gravity of projected
Central City Area population.

Should initial funding be insufficient to pro-
vide a grade-separated, fully automated sec-
ondary distribution system, the minimum
consideration for secondary distribution of
passengers would be through the use of
surface buses, possibly operating in exclu-
sive bus lanes.

The preliminary cost estimates in this re-
port include sufficient allowance to build
an overhead secondary distribution sys-
tem. They have been developed only in
sufficient detail to provide a basis for eval-
uation of the desirability of this means of
total service.

CORRIDOR SERVICE

As outlined by contract, the scope of work
covering detailed alignment evaluations was
limited to the four corridors, The task then
was to select the best alignment within each
corridor. While one alignment may most
closely meet service requirements, the cost
or community acceptance factors may be
prohibitive. Conversely, the least costly
line may betoo far removed from the serv-
ice center to fulfill transit needs ade-
guately, or physical obstacles may require
reduced speed and detract from system
desirability., The purpose of the alignment
studies is to determine a '"'best" route in
each corridor based on engineering com-
parisons. A complete discussion of the
selection is found hereinafter.

SERVICE CONSIDERATIONS

Basically, all rapid transit riders can be
classified into one of the following cate-
gories: 1) persons who reside or work
within a short distance from stations and
in most cases will walk to the station; 2)
persons who will drive their automobile to
and from the station; and 3) persons who

will use supplementary surface vehicles,
such as buses, streetcars, and taxies as a
means to reach the station.

In order to attract a fair share of each
category, the rapid transit system must be
not only fast and comfortable butthe serv-
ice line and station location must be con-
veniently oriented for as many types of
activity as is practical.

The ideal transit alignment should achieve
a good balance of origin and destination
trips by penetrating and connecting areas
with high density land use characteristics,
including commercial, industrial, recrea-
tional, and residential.

From a point of view of practicality, it is
difficult to acquire a right-of-way which
taps to a maximum degree each of these
activities or land uses. However, it is
highly desirable that the alignment selected
approach as closely as possible the prime
service areas. In order to accomplish this,
alignments have been selected along or ad-
jacent to major strips of commercial and
residential activity., In each corridor, the
recommended alignment provides excellent
service to at least two of the four basic
activities. In addition, service to indus-
trial and recreational areas is accomplished
by 'park 'n ride' facilities. Extension of
the Wilshire and Long Beach lines to tap
beach areas is also considered advantageous.

Evaluations of service and passenger gener-
ation were analyzed in conjunction with the
studies of Coverdale & Colpitts on this
subject. Victor Gruen Associates were con-
sulted on factors of community acceptance
and land use.

REDUCTION OF POTENTIAL ALIGNMENTS
TO THOSE GIVEN DETAILED STUDY

As was mentioned previously, there are,
generally speaking, six factors to be con-
sidered in alignment selection. These
factors together with a detailed field in-
vestigation along each of the corridors pro-
vided a series of possible alignments for
study. At this point, the process of elimin-
ation commenced by the development of
estimated costs for the several possible
way structures applicable to each alignment.

A list of the various alternatives, types of
right-of-way, and way structure configura-
tions shows the extend of their diversity:

A, Street Right-Of-Way

1. Overhead - Street median
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2. Overhead - Street devoted to land-
scaped mall with diagonal auto
parking.

3. Overhead - Along parking lanes at
side of street.

4, Street subway.

B. Private Right-Of-Way

1. Overhead

2. Open=-cut, utilizing retaining walls
3. Open-cut, with no retaining walls
4, Subway

C. Rail Right-Of-Way

1. Overhead with land purchase

2. Overhead with air rights easement
purchase

3. At-grade, with arterial streets un-
der all tracks

4. At-grade with arterial streets over
all tracks

5. At-grade, elevating only rapid tran-
sit lines over arterials at crossings.

D. Freeway Right-Of-Way

1. Median at grade
2. Median, overhead
3. Shoulders, overhead along side slopes

E. Land Adjacent to Drainage Channels

1. At grade
2. Overhead

The cost estimates were developed so that
alignments could be analyzed for application
of supported dual track, supported mono-beam
or suspended mono-beam transit systems.

With the basic cost data developed, it be-
came possible to follow a logical elimina-
tion process, Other factors such as
passenger service and community accept-
ance were then analyzed with respect to
the costs of each of the alignments. For
example, alignment "1'" would be favored
where two alignments - '"'1'" and "2'" have
equal costs but with alignment '""1" demon-
strating distinct advantages to passenger
service. Alignment "2" could then be log-
ically eliminated.

By repeating the elimination process at
intervals, the several potential alignments
were ultimately reduced to two in each of
the four corridors and in the Central City
Area. These two alignments which were
given detailed analysis and study are de-
picted by the alignment plan and profile
maps later in this section.

WAY CONFIGURATION ANALYSIS

To evaluate each corridor fully, several
possible alternates were selected. In gen-
eral, at least one alignment was selected
to utilize each basic type of right-of-way,
However, subway was considered only in

the CBD, Wilshire Corridor, and through

the Cahuenga Pass.

One of the most apparent alignment possi-
bilities for a rapid transit system would
follow freeway routes either in the median
or along the shoulder. However, in the case
of existing freeways, medians are generally
too narrow to permit at-grade operation and
freeway bridges become difficult obstacles
to overhead transit line comstruction. The
use of freeway shoulders would be possible
in some areas but in many instances would
require purchase of additional property.
In other areas, depressed freeway construc-
tion results in steep side slopes and in-
sufficient space for transit lines. In those
areas where freeways are proposed but not
designed and where such alignments coincide
with proposed rapid transit routes, pro-
visions for joint use of right-of-way could
be made.

Other public lands which could be used in
developing transit lines can be found ad-
jacent to river or flood control channels.
While affording clear right-of-way and
possibility of at-grade operation, they would
generally be outside the desired service
area. In certain areas, such as the Long
Beach Corridor, a flood control right-of-
way closely parallels the service area and
is, therefore, given more consideration.

In the case of public street right-of-way,
either subway or an overhead system must
be employed to afford grade operation. Con-
sideration of street median would generally
be confined to those streets with sufficient
right -of -way width to allow a median divider
while maintaining at least four lanes of
traffic with parking. However, in some
areas, notably Sixth Street in the Wilshire
Corridor, streets with less right-of-way
widths can be utilized with some special
treatment such as one-way traffic or res-
tricted parking,

Private right-of-way considerations gen-
erally fit into two categories: 1) public
utility lines such as railroads or lands along
freeway rights-of-way; and 2) privately-
owned properties through mid-block, in
residential or commercial areas,.

Evaluation of the potential advantages of

railroad rights-of-way indicates that at-
grade or overhead rapid transit configura~-
tions or a combination of both could be
employed. Consideration of use of railroad
right-of-way must assume that current rail
operations could not be disrupted.

Where private right-of-way in mid-block
is considered, either overhead, subway or
open-cut configurations could be employed.
Generally, overhead and open-cut construc-
tion methods were applied to each alignment
of this type to provide a cost comparison.
Basic problems in open=-cut configurations
are found in utility relocation at crossing
streets and in transition to at-grade or
elevated configuration. One major advan-
tage to mid-block right-of-way is close
proximity to principal service areas.

As a further aid in the analysis of align-
ments, the following outline of the advan-
tages and disadvantages of the several
choices of way configuration has been
compiled.




PUBLIC STREET

ADVANTAGES

The right-of-way is presently available and
is now dedicated to transportation in many
forms. Judicious combining of various ele-
ments such as power lines, telephone lines,
and street lighting with an overhead rapid
transit structure would improve the vista
of the street pictured on the left, since all
existing poles could be removed.

Direct access to commercial areas would al-
so be possible., Disruption of street traffic
during construction would be at a minimum,
with single columns spaced approximately
110 feet apart. Direct access to commer-
cial buildings could be obtained from station
areas, thereby providing an ideal transpor-
tation service to such buildings.

DISADVANTAGES

Since a city street is rarely homogeneous
throughout its length, a rapid transit line
conceivably could traverse a street section
ideally suited to overhead line construction,
then enter an exclusive residential area
where there are presently no man-made
obstructions to a pleasing tree-lined vista.
Such sections of city streets should be
avoided where physically and economically
possible. A rapid transit line would gain
no passenger service advantage by passing
through exclusive single family dwelling
areas illustrated by the accompanying
photograph.



79

USE OF FREEWAY

ADVANTAGES

Where major transportation rights-of-way
are provided, maximum utilization should
be obtained. In some of the existing Los
Angeles freeways, surplus rights-of-way
are available in sections either in adjacent
side slopes or in the median. They could
be developed for rapid transit,

DISADVANTAGES

Multiple bridges, narrow medians, and full
utilization of freeway rights-of-way con-
tribute to the shortcomings of most of the
present Los Angeles freeway mileage as a
location for rapid transit lines. Planning
for combined freeway-rapid transit develop-

ment should start even before property ac-
quisition, and long before detailed plans
are drawn,

The various studies of origin and destina-

tions of persons in.tjhé_ area indicate that in
most cases a rapid transit line would be
properly oriented by pa‘ralle‘