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SECTION T

INTRODUCTION, - SUMMARY AND CONCLUSIONS

As directed bj the Contract, thelsc0pe of work during this initial
phase of the Rapid Transit Program has emphasized the screening of
transit system proposals presented by manufacturers and inventors of
transit systems and equipment and the initial consideration of condi-

tions exlisting within the four transit corridors that would affect

the selection of the type of system. The purpose of this screening

of systems and initial consideration of routes, was the development
of a limited number of transit systems having sufficient merit to
warrant a detailed comparative analysis. This detailed analysis, in
the next phase of the program, would proy¥ide the basis for the selec-
tion of the system most adaptable to the Los Angeles Transit

requirements.

An important part of this initial phase also has been the accumulation
of basic ﬁata and the planning work necessary for the establishment of
a master plan of ultimate transit development in order to insure the
orderly consideration of the transit system and that initial efforts
will be compatible with the requirements of the future. In addition,
work has begun on the collection of data and certain of the engineering
efforts which should carry forward in the next phase, and which will
provide the basis for many of the decisions which must be made in the

next phase.



The team which has been assigned to this effort has been made up of in-
dividuals from the various DMJM technical staff groups together with our
Associate Engineer, Mason & Hanger-3ilas Mason Company, Inc. and the other

consultants in the following specialities:

Gibbs & Hill Equipment - Electrical BEngineering
Viector Gruen Assoclates Community Planning

Colonel 8. H. Bingham Transit System Operations

Harold Otis Trensit Equipment

Lloyd Aldrich Routes

Henry Babcock Land and Rights-Of-Way Evaluation
LeRoy Crandall & Associates Foundation Engineering and Geology

These specialists have met frequently with the project staff for discuss~
lons on various aspects of the work. Several of the consultants have been
asked to report on special problems and these reports have been included

in the appendix of the technical supporting material.

The program has been divided into three general tasks with a project task
group assigmed to each. These task groups have operated under the direct-
ion and coordinmation of the Partner-In-Charge and of the Project Manager.
For convenience, the reporting herein will generally be done using the
same divisional framework ss these tasks which are:

Trensit Planning and Criteria

Transit Systems

Transit Facilities
The following paragraphs will discuss the progress and findings of each
of the groups with recommendations for further work required during suc

ceeding phases provided further on.



TRANSIT PLANNING AND CRITERIA

The first task assigned to this group was that of criteria research and
the development of transit system criteria. This is necessary to set the
pattern for the consideration and evaluation of the various transit sys-
tems. Recommendations for criteria to be satisfied by transit systems to
be considered for application to Los Angeles take the form of desirable

minimums, and are set forth in later paragraphs.

DEVELOPMENT OF REQUIREMENTS FOR ULTIMATE TRANSIT SERVICE

Much progress has been made in the planning work necessary for the develop-
ment of requirements for ultimate transit service. This work is being
carried out in connection with representatives of Coverdale & Colpitts

and using the data previously developed by them.

Frequent conferences have been held with officials from City and Regional
Planning agencies in order to ascertain their progress toward the develop-
ment of the Master Plan for the metropolitan area and to obtain their pro-

Jjections of future growth.

The corridor layouts and traffic projections previously submitted to the
Authority by Coverdale & Colpitts have been considered along with informa-
tion from various planning agencies on future land use patterns. The possi-
ble effects of transit service on land use patterns have been explored. This
is leading to the development of the definition of the place of rapid transit
within the over-all transportation plan and the requirements that transit

must serve within the community.
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Our findings, to date, have led to the outlining of three broad concepts
of transit service that msy be considered as ways of providing different

levels of service. These transit system concepts are:

1. Full coverage systems which would provide means of serving
the mejority of origins and destinations within the community
with rapid transit service as advocated by George Rowan and

others.

2. Flexible systems utilizing bus equipment to provide for feeder

distribution and trunk service with a single vehicle.

3. Trunk line rapid transit systems served by feeder and distri-

bution systems using buses or other eyuipment.

The Authority directed our initial effort toward the trunk line concept
which was the result of the corridor recommendations of Coverdale and
Colpitts. The relationship of these transit concepts to the ultimate
transit requirements will be studied further with informatipn from
Coverdale and Colpitts to determine the levels of service needed now and
in the future. Once the concept is established, then a master plan for

ultimate transit service can be recommended.

PLANNING CENTRAL CITY TRANSIT SERVICE

Qur studies, to date, have indicated the type of service to the Central
City area to be most important, particularly during any initial phase of
a program, so that future expansion can be accomplished without interfer-

ence to service or adding unnecessary cost.
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Studies are now being carried out to gauge the effect on real estate
values and other development by various routes and configurations of
service and by elevated or subsurface construction. Requirements

for dbwntown distribution and pickup are also under study as are

means of providing local and express transit service both to and
through the Central City. Close contact has been maintained with the
Central City Study Committee and other groups having interest in Central

City Planning.

A field recommaissance has been made of the Central City to determine
potential route alternates, and a study has been made of possible
utility intereference. In reviewlng the factors involved in construct-
lon in the Central City, special emphasis has been placed on the deter-
mination of methods giving the least interference with normal activities.
Alternate route layouts are currently being studied and preliminary cost
information has been developed in order to ascertain the affect of the
various layouts on the overall program. Some of the alternate solutions

are:

Inner loop system

- Outer loop system

Single line centrally located

- Single line offset
Inherent in the study of these alternates are the factors of whether the
line can be placed overhead or underground and whether service to the
Central City can be provided by a series of stations, or if a secondary

distribution system is required.
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CORRIDOR CONSIDERATIONS

Insofar as the detailed consideration of alignments is concerned, the
scope of our study has been primarily oriented toward the four corri-
dors shown by the origin and destination study as being the most likely
to support mass rapid transit. These are: Reseda via Cahuenga and

Wilshire; Wilshire; Long Beach; and San Bernardino.

Particular attention has been directed toward the conditions existing
therein which would affect the selection of a type of system. During
the course of the initial engineering for route and alignment selection
for these corridors, we have accomplished detailed field reconnaissance
of each in order to obtain the necessary information on controlling
features. Conferences have been held with many agencies concerned with
existing facilities within these corridors. Information on utilities
at critical points has been obtained, alignment data and existing and
future plans have been secured from the California Division of Highways
and various railroad companies. We have reviewed the existing street
pattern and utility rights-of-way. A preliminary foundation and geology
study has been made. Out of all of this, we have, for each of the four
corridors, determined a number of alignment alternates that can now be

studied in detail and compared.

Ultimately, these studies of route alignment and equipment will culminate
in the selection of the combination of segments of the most adaptable type
of rights-of-way and a conclusive alignment recommendation for each corri-

dor.



A significant part of the considerations of glignments within corridors
is the land use and commnity acceptance studies being developed with

our consultants, Victor Gruen Associates.

These land use studies have indicated those areas presently undergoing
transition or having activities whiech could not be disrupted. Land use
work maps have been prepgred and are currently being used in our evalua-

tion processes.

TRANSIT SYSTEMS

The determination of the best type of mass ragpid transit system for the
Los Angeles Metropolitan Ares must take into account the fact that this
city, perhaps more so than any other, is free of governing precedents
that would dictate the cholce of equipment and system that should be
applied here. Two fundamentel aspects that must be considered in the
cholce of any transit system for application to a specific area are:

(1) the basic merits of the system itself, and (2) the routes to which
the transit system must be gpplied. Fortunately for Los Angeles, a com-
plete freedom of choice is possible concerning the former, and diverse
alternatives are available from which to recommend suitable solutions

to the latter.

We have explored, in general, all of the possibilities of modern develop-
ments in repid transit to determine which systems have sufficient merit to
be considered for the basis of the transit system here. A brief summary

of this effort follows.



The review and evaluation of these transit systems have been done on

a completely impartial basis keeping an open mind to determine the
advantages and benefits of any new ideas in transit systems. It is
recognized that whatéver is proposed ultimately must form the basis

of an operable transit system which would have to be constructed within-
the relastively near future, bubt we must consider all transit ideas even

" though they may not have been completely developed.

In this evaluation of modern transit systems, we have been aided by our
consultants, particularly Gibbs & Hill, Mr. Harold Otis and Colonel
Sildney Bingham. We have received transit system presentations by any
proponent who wanted to meske a formal presentation to the Authority of
his system. In addition to this, we have had informal discussions with
manufacturers, persons and firms who had general ideas as to transit
equipment, but did not wish to make a specific recommendation for a sys-
tem to the Authority. In addition, we have received several ideas that,
while not being asctively proposed by any single proponent, appeared
worthy of considerstion, and these were, therefore, included alsc in the

evaluation.

We find that of many of the systems still are only in the concept stage
with their real potentiglities yet to be developed and explored, and some
present intricate engineering and design problems which must yet be solved.
Some of the systems are far advanced with development virtually completed

and with operating test installations that can be inspected and evaluated.
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In order to develop sufficient information to facilitate evaluation

of these various systems, a series of 75 questions were prepared and
given to each system's proponent. These questions dealt with such
sgbjects as operating and performance characteristics of the vehicle,
dimensions of vehicles, type of suspension, propulsion systems, braking,
cost estimates, patents, structural requirements, etc. Many of the pro-
ponents whose systems are still only in the concept stage, were unable to
answer these questions, while some submitted very complete design and

cost information along with the answers to all of the questions.

The evaluation process and the selection of a limited number of systems
meriting further study involves the application of judgment and compari-
son with certain requirement standards. One of the factors that must be
taken into account in this selection is the status of the system in re-
gard to 1ts capabilitj of being developed into an actusal operating system

in the reasonably near future.

This development work is & time consuming process for a new system. For
the more unconventional systems, this process tekes years before sufficient
knowledge can be accumulated to provide a sound basis for the application
of the system to a multi-milllon dollar transit program. The system must
generally meet the transit system criteria set forth previously and must

show some reasonable basis for considerastion and spplication to the

Los Angeles Program.

Engineers' Recommendations - Systems

Of the nine general categoriles of transit systems considered by this screen-
Ing study, we have found three categories that we feel merit further consider-

ation and detailed comparison.
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These are set forth as follows:
A. Conventional %two rail system (hodern design)
B. BSuspended System - Symmetric Split Rail

C. Supported System - Overriding (Saddlebag)

Each of these systems have several proponents with systems in various
stages of development. In each category, there is at least one pro-
ponent or system that has been developed to the point of having an
adequate high speed test installation that can be properly studied and

evaluated.

During the latter part of this initial phase of the program, a system
was presented that appears to be a significant new concept for possible
application in rapid transit. It 1s a so-called "ground effect" vehicle
which uses air suspension and a type of magnetic propulsion. While the
englneering of a specific proto£ype vehicle has not been completed and
no test section is availeble, it does appear worthwhile to devote some
further study to the potentialities of this vehicle. We feel that

even in this next phase when we will be making the detailed comparison
and evaluation, it would be in order to receive presentations of any
new systems so as to insure that nothing is overlooked and that the

system finally chosen will be the best of all of the possible alternates.

Of the systems that have not been recommended for further study, some
further comment is in order. OQur evaluation covered only the possible

application to the peculiar requirements of the Los Angeles Transit



Program and we see, in many of the systems, ideas and concepts which do

have much merit and which made the selection difficult.

Some of the systems show promise for the future, but are presently not
developed to & point where they could be used with confidence as the

basis for an operating transit system.

The three systems that are recommended for further comparison have been
reviewed with our Consultants, Gibbs & Hill, and with Colonel S. H. Bingham,

and we have their general concurrence in this recommendation.

Conventional Rail System

Certainly the wide spread use and acceptance of the conventional two-rail
system and its simple switching and adaptability to either overhead, ground
level, or underground operation, would indicate that it should be ADE of

the systems included in the detalled comparative analysis. Such a systemn,
as adaptable to Los Angeles, would use lightweight, high speed equipment
and be of modern design. Further consideration would be given to the possi-

bilities of the use of pneumatic tires and special roadbeds.

Because of its adaptebility, and long history of transit service, the con-
ventional rail system must be regarded as a standard that must be bettered
by any other system. The question then is asked as to why consider other
systems? The answer lies in several factors, among which are those of

safety in operation, levels of community acceptance, and noise.
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Several of the newer types of monorail systems give some promise of
improvement along these lines. Therefore, in order to insure that

the best and most modern system is chosen as the basis for the rapid
transit program, these other systems, which show promise should be
studied in detail and compared with the conventional rail system to

see which one is the most feasible and adaptable here fto the Los Angeles

problem.

Suspended System - Symmetric Split Rail

This type of suspended system had one active proponent - the French
group headed by the Societe Lyonnaise des Eaux et de L'Eclairage.

In addition, the staff studied the split rail proposal made by Northrup
to Seattle and the split rail designs made some time ago by our Consult-

ants, Gibbs & Hill.

Actually, the split rail design is not a true monorail at all. It is in
effect & narrow gauge raeilroad with the cars suspended beneath the rails.
The system is included in the category of systems operating or under test
by virtue of the 1.2 mile test installation of the French group now being
completed south of Paris. Neither the Northrup or the Gibbs & Hill.designs

have been fully developed or test facilities constructed.

The French group, which includes some of the giants of French industry
and with some subsidy from the French Government have been doing engineer-
ing and development work on a split rail system for some time. This work
has culminated in the construction of & 1.2 mile test installation in
France which will permit testing of vehicles at speeds of over 60 miles

per hour.



This split rail type of suspended system overcomes meny of the disad-
vantages of the classical type of asymmetrically suspended system. It
does have some disadvantages in comparison to supported systems in the
higher structure required and the loss of economy with train operations
at ground level. A switch has been developed, but is somewhat cumber-
some, and may be slow in operation. However, the split rail form is
the best of the suspended systems, and the French designs do include an
ingenious suspension system that offers real promise of adequate sway
control. Certainly this system should be carefully evaluated and com-

paréd with the other two systems.

Supported Monorall Overriding - Saddlebag

This supported system has had three active proponents: Alweg, Lockheed,
and Hendrik de Kanter. In addition, the staff studied the supported

system as proposed by Alan Hawes for Seattle.

The Alweg system is g supported system using the overriding or saddlebag
principle. The system is sponsored by Dr. Axel Wenner-Gren, a wealthy
Swedish industrialist. Most of the engineering and testing of the equip-
ment has been done in Germany. It also is not exactly true monorail,

gince it must use gulde or stabilizing wheels. The system has been

under operational test since 1952 when a 2/5 scale model was installed

on a 6000-ft. oval test track. Th 1957, a full-scale test track, slightly
over one mile was constructed. The original small-scale model is reported
to have achieved speeds of up to 80 miles per hour with quiet, smooth opera-

tion.

I-13



The full-scale test track is not a loop and speeds are limited to about
60 miles per hour. In addition to these test installations, a 3600 foot
Alweg facility has been installed at Disneyland to serve am an amusement
ride running at lower speeds. This monorail facility is reported to

be one of the most used sttractions in Disneyland. A variation of the
overriding monorail system which does notiuse pneumatic tires has been

designed by Lockheed, but there 1s not a test installation.

The basic principle of the overriding system also appears to be an im-
provement over the classical asymmetric design, and systems of the over-
riding type have been more thoroughly tested at high speeds than other
modern monorail systems. There are several disadvantages also. The run-
ning beams require e xtreme care in casting and fitting, in order to pro-
duce a smooth ride. Also, the switching is slow and cumbersome, although
switch designs have been @evéloped which have some advantages over those

designed for the suspended split-rail system.

The overriding type is considered to be the best of the supported monorail
systems, and therefore, it should be also carefully evaluated and compared

with the other two systems.

Transi§'8z§§§m Equipment
In addition to the evaeluation of the various transit systems, the project
staff have accomplished much in the way of 1nitisl engineering work on

other aspects of the transit system equipment.
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IMIM electrical and systems engineers, along with our Consultant,
Gibbs & Hill, have developed preliminary criteria and recommenda-
tions for further engineering of automatic train control and opera-
tions systems and signal and communications systems. These systems
glve promise of operational economy and safety of a moderm, high

speed system.

Tentatively, we have concluded that the power supply system which
shows the most promise is the direct current electric traction
system which has been used for transit service for yecars. Nuclear
and other unconventional sources of power together with alternating
current electric power were found to offer less advantage than the
conventional power system. We have devised some veriations of the

D.C. system which may offer savings in the cost of substations.

We are continuing to study the car components of the transit equip-
ment to see if still further improvements in design can be made and

we are convinced that major welght reductions are possible which would
affect substantigl savings in structure. Another aspect deserving fur-
ther immediaste engineering effort is the design of the trucks of the
systems, and the advantages and disadvantages of the use of pneumsatic
tires. We have found that there are many technical problems involved
in the high speed operation of hesvily loaded pneumatic tires and dils-
cussions are under way with rubber manufacturers to see if these can
be solved. The problems of dynamic and other forms of braking are be-
ing studied to see 1f some of the problems noted in existing operations

can be solved.
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TRANSIT FACILITIES

The determinstion of the transit system to be used for the Los Angeles
area has required investigations beyond the mechanical aspects of the
equipment. Necessary supporting structures for transit systems have
been reviewed and layouts made to delineate station requirements for
the various systems. The possibilities of operation in freeway or
railroad right-of-wey have been considered together with the problems
involved in underground construction of subways. The studies of cost

of facilities are, of course, of fundamental importance.

Specific requirements for way structures under different right-of-way
conditions have been developed which have resulted in clearance dia-
grams and preliminary structural layouts of the recommended systems.
Criteria for structural design has been outlined and assumptions have
been made based on current practice, to establish comparison data suit-
able for any of the configurations of rapid transit recommended for fur-
ther study. Preliminary concepts of access and space requirements of
stations have been made together with a review of factors of passenger
convenience and economics of construction. Progress on the development
of maintenance snd storage requirements of transit systems has been made

and initial efforts begun toward the location of necessary yards and shops.

One of the principal items which has been accomplished is the preliminary
foundation and geology study by our Consultant, IeRoy Crandall & Associates,
and the review of underground: construction conditions by our Associate

Engineer, Mason & Hanger-Silas Mason Company, Inc.
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One of the purposes for these studies was the determination of the pos-
sibility of application of low cost tunneling methods to subway construc-
tion in areas where this must be considered. Application of such
developments as the "Mitry Mole" and variqus mining devices to Los
Angeles conditions was studied. These advanced tunneling techniques
are only advantageous ih soft rock conditions which, unfortunately do
not exist in the Los Angeles area under initial system plannings. The
geology stﬁdy showed that sands and gravels would be encounteréd in
these areas and, therefore, more conventional tunneling methods would
have to be used. However, indications are that a "partial shield"
method which has been used in Los Angeles recently for other work may
be able to be applied with some resultant saving; but not with the
spectacular savings hoped for. Therefore, efforts appear in order to

minimize the amount of underground construction as much as possible.

The studies of the cost of the various facilities and equipment are
continuing and will culminate in comparative cost estimates of the

three systems at the conclusion of the next phase of the program.

CONCLUSIONS AND RECOMMENDATIONS

Since this a progress report after only ninety (90) days of work on

the initial phase of the Répid Transit Program, it is not possible to

report firm conclusions on all of the aspects of the work at this time.

However, there are certain conclusions and recommendations that can be

made. These are:

1. Our work to this point cpnvinces us of the need for rapid transit
in the Los Angeles Metropolitan Area and we see no reason why a

satisfactory system cannot be engineered and constructed.
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The criteria and minimum requirements for this system should be as

outlined in our report.
The conventional two-rail system, the suspended split-rail monorail

and the overriding-saddlebag monorail warrant further detailed com-

‘parative analysis.

OQur study of recent developments in the electronics field has led us
to conclude that a system of automatic train control and operation
with its great potentialities of savings 1s practical and feasible
and should be investigated further.

The direct current type of power and propulsion system is the most
practical and economical and should be adopted.

The cost of underground construction causes us to lean at this point
toward overhead construction wherever possible.

The several alternative route alignments that are afforded in each
of the four corridors should be further comparatively analyzed to
determine the best alignment within each corridor.

The planning for the ultimate transit system master plan and for

service to the Central City must be completed at an early date.

We recommend that the next phase of the program be initiated forthwith and

be scheduled to accomplish the following:

1.

3.

Detailed analysis and selection of the transit system and equipment
best adaptable to the needs of Los Angeles.

Selection of a specific recommended route within each of the four
corridors and within the Central Business District.

Development of cost information.

We propose a period of four months to accomplish the foregoing.
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At the conclusion of this progress report, we gx'atefully acknowledge
the cooperation and assistance of many agencles and individuals in
the work that has been done. We are confident that this same level
of cooperation in the succeéding phases of the progrsm will peint the
way to the successful implementation of the Los Angeles Rapid Transit

Program.
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SECTION II - TRANSIT PLANNING AND CRITERTIA

A.

An Integrated Transportation System

The most efficient transportation system which we can conceive as serving
the Los Angeles Metropolitan Area would be a completely integrated complex;
with each transport component operating at its opfimumvspeed and capacity.
In such a system, we might visualize "home to work' trips within the major
travel corridors being accomplished through the use of‘rapid transit trains.
We can further visualize the stations at outer limiﬁs of.Such'tfévei cor-"
ridors providing for coﬁnections with feeder bus lines, for "kiss 'n ride"
operation and "park and ride" operation. For longer distance commuting
beyond the 25-30 mile radius from the Central City Area, we visuslize ser-

vice to the relatively low volumes through use of helicoptersg, coordinated

"with thg rapld transit tralns at key interchange stations. We anticipate

the continued vital contribution of the automobile for individusl trans-
portation on travel patterns of low density and for short neighborhood
trips which cannot economically be provided for by a mass transportstion

system,

Within our Central City Area, 1t is entirely reasonable to visualize a
system for off-surface passenger distribution with stations located at no

greater distance apart than 600 feet and generally coordinated with some

“major building or commercisl activity. Such a secondary distribution

system would uniformly distribute passengers to within approximately one

block of their ultimate destination.



In our studies we are planning toward the realization of this integrated
transportation complex. The material in the following section of this
preliminary report is intended to indicate the procedures being used in
drawing out significant factors affecting the planning of a mass rapid

transit system for the Los Angeles Metropolitan Area.

Development of Transit System Criteria

The development of criteria for a rapid transit system is logically divided
into two principal areas of consideration: (1) the minimum requirements
for a rapid transit system; and (2) community acceptance standards which

would influence both the type of transit equipment and the area through

 which it might be operated.

The following listing sets forth our recommendation for minimum requirements
for a rapid transit system which would provide a truly modern and effective
rapid transit system.

1. Speed Factors:

(a) Meximum of 75 to 80 miles per hour.
(b) Average scheduled of 45 miles per hour.
(¢) Acceleration rate - 3.0 to 3.7 miles per hour, per second.

(d) Deceleration rate - 4.5 miles per hour, per second.

2, Capacity Factors:

(a) 30,000 seats per lane, per hour.
(b) Capable of 90 second headways.
(¢) Maximum station stop - 20 seconds.

(d) Operate on grade-separated rights-of-way.
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3. Convenience Factors:

(a) Careful design of interchange stations for ease in transfer.
(b) Escalators from lower to higher levels.

(¢) Parking areas adjacent to outer limit stations.

(d) Distribution system in central business district.

(e) Integration with surface bus feeders throughout.

L, Comfort Factors:

(a) Adequate seat dimensions.

(v) Internal temperature control.
(¢) Low noise levels.

(a) Pleasing‘éppearance.

(e) Smooth riding qualities.

(f) Provide seats for majority of passengers.

5. . Safety Factors:

(a) Automatic train control with fail-safe features.

(b) Easy evacuation of train in case of emergency.

6. Aesthetic Factors:

(a) Stations and way structures must be pleasing in appearance.

(b) Trains must be ultra modern in exterior and interior design.

T. Maintenance and Operation Factors:

(a) Lightweight equipment.

(b) Interchangesbility of equipment between lines.



(¢) Line connections to central maintenance area.
(d) No more or less than one operator per train.
(e) Collection of fares must be practical and convenient.

(f) Power and propulsion system must produce minimum of noise and smog.

The foregoing minimum requirements cover the principal areas heing considered
in our attempt to develop a modern rapid transit system which will assume

its proper role in the Los Angeles area.

Speed is recognized as the dominant factor and must be produced for the
system to develop patronage. The system must have high capacity capability

in order to function properly in the short rush-hour periods.

Convenlence and comfort are essential to the success of a rapid transit
facility in this era of escalation and air conditioning. We must provide
a tangible asset to the commuter by the addition of frem one te two hours
of time per day for reading or napping, a&ssuming that such activities can-

not be accomplished while driving, and rarely on & bus.

Other considerations which are important from both the passenger and opera-

tor viewpgint are safety, aethestics and types of equipment.

.Development 6f community acceptance standards or criteria has been carried
on by Victor Gruen Associates under our direction. Excerpts from their
report which is included in full in Volume II, Technical Data are as

follows:



"The man who at the moment is not using the system and whose environment
is invaded by the system has a radically different set of concerns (from
those of the passenger). In general, he woﬁld wish it to be some place
else altogether. Since this is impossible in all cases, he sets a declin-
ing series of standards, starting with a system totally noiseless and
invisible, through a system not pleasant but tolerable down to a system

intolerable in one or more respects."

"A barely tolerable system will place huge sections of the Metropolitan

ares in jeopardy" and "N& city can afford

the resultant land less, tax loss and genersl defloration that results.”

"An ldeal system, unnoticed and unheard, alsc places a burden on the

community" from "heavy maintenance cost,

extremely high capital costs, etec,”

"Assume for a moment three continental buses coupled together, accelerat-

n

ing rapidly to reach T5 mph speeds "such & conveyance

creates noise, physiological, distrubance and physical interference."

"The most unobtrusive location for a line is underground and if it is so
located no external problem exist. The maximum visual problem will exist
if the line 1s overhead. The surface line would present the problem of

next magnitude and open cut or combination section of cut and earth-fill

berm would begin to approsch the subway minimum,"



"The factors having greatest influence on the rgpid transit system’'s

acceptance by the community --- from an external standpoint, are:
Noise Traffic Interference
Visual Disturbance Neighborhood Disruption
Air Turbulence Utility Interference
Vibration Aesthetics
Danger

Summary

"A surface line --- is limited in its application to open, relatively-

uninhabited areas or industriasl areas where traffic interference and

noise are not major considerations."

"An elevated system --- can be used in open areas, in all heavy and
some light industrial zones, and could possibly be used in commercial
sreas if screened for visual distrubances and if train speeds were

radically reduced to lessen noise, turbulence and vibration."

"The open cut sections --- minimizes or eliminates all other problems
related to land use and community acceptance (except underground utility

interference)."

"The subway, though very costly, totally eliminates all factors relating

to external acceptance.”

DMIM will utilize both the minimum requirements for a rapld transit system

and the community acceptance standards throughout the course of our
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detailed studies of transit equipment and corridor alignments. Final recom-
mendations should indicate the best possible type of transit system operat-
ing in the most suitable and acceptable alignments from both the passenger

and non-passenger points of view.

Ultimgte Transit System Requirements

The planning aspects of this program have been considered on the basis that
initial segments of the over-gll system should not be undertaken before
thorough consideration is given to a logical ultimate plan of rapid transit
facilities. We have, therefore, reviewed in detall traffic studies and re-
ports prepared by Coverdsle & Colpitts. We have also conferred at length
with the representatives of the California State Division of Highways,

City of Los Angeles Departments of Planning and Traffic, and the Los Angeles
County Planning Dgpartment. We have conferred with the planners currently
working on Los Angeles Central City Concepts and reviewed aspects of planned
new zoning resulting from freeway construction. These many conferences have
convinced us of the necessity for continued coordination of our planning
efforts with such agencies. We have prepared several alternate ultimate plan
concepts and will be pleased to review such material as required. However,
we have not as yet selected one plan to be recommended for adoption. A re-
view of these ultimate plan concepts reveals Central City area planning

problems beyond those immediastely spparent when considering only present

transit service to the Central City. It is also evident that the Central City
area becomes the interchange for rapid transit facilities which, if improperly

planned, could ultimately cause severe congestion in the rapid transit facility.



It is our belief that congested areas on the ultimate rapid transit

system can be avoided by intelligent long-range planning.

In regard to the type of equipment and the type of service which would

be provided in the ultimate plan, we are giving primary consideration to
8 trunk line rapid transit system with bus feeders. Attenﬁion is also
being directed toward the "flexible" concept and the "full coverage”" con-
cept of transit service. We also anticipate the development of major
parking areas adjacent to outlying stations in order that the "park and

ride" operation cen be accomplished.

Central Clty Transit Concepts

As noted before, the consideration of an ultimate plan reveals the
necessity for extreme care in planning the initial phase of a rapid
transit system in the Central City aresa, so that expansion of the system
can be accomplished without interference +to service or adding cost un-
necessarily. In order to evaluate the required service to and through
the Central City area, we have prepared a number of alternate plans,
each of which has outstanding advantages. These plans are shown in

sketch form on the following pages.

8-



L HovLwrweop FRwy

Pepro  ST-

SAN




WILSHIRE - RESEDA
CoRrRinor

CENTRAL _STATION »
LocaTioN

Z
I Y
9 SANTA Ana
CORRIDOR
B/LQ,D
C.B8.D.
Lo~ne BeachH CENTRAL STATION
 CONCEPT

CoRrRRIDOR

=-10=



ML SHIRE - RESEDA
CORRIDOR

¢
Ry
X
i

INNER  LOOP
" CONCEFPT

Lone BeacH
CORRIDOR ...

<11-



HoLLywoop

t Pico  Buvo.

SanTA MoniC

0
xr &
§§
/¢

/U
9
FrwYy ﬂ/
]
-
)
o
@
A
w
0
I 2
<
)
.‘;{
S



Basically, these systems fall into four dominant configurationsy i.e.,
inner loop, outer loop with secondary distribution, central station and

off-side mainline with secondary distribution.

Current studies now being processed should gauge the effect on real estate
values and ¢ther developments by each of these configurations and also the
probable effect on property values of elevated vs. sub-surface construction
within the Central City area. These studies are being carried on by the

Victor Gruen organization in conjunction with our planning work.

While the above evaluation has not been completed, there are strong indi-

cations that station locations, number of stations, and relation of

- stations to business activity will be dominant factors in the gver-all

estimate of the velue of rapld transit to the Central City.

We are also reviewing the possible necessity for a secondary distribution

system to operate at the same grade as main line rapid transit.

Corridor Considerations

The scope of our study has limited us to the four corridors; namely,
Reseda vid Cshuengs and Wilshire, Wilshire, Long Beach, and San Bernardino,

insofar as detalled consideration of alignments is concerned.

During the course of our work, we have prepered maps indicating alternate
right-of-way alignments within each of these corridors. The following

sketch indicated these alternate aligmments and reveals the extent of
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existing railroad rights-of-way and other forms of rights-of-way which
are under study. For reference purposes, we have prepared several maps
setting forth present and future freeway alignments, railroad rights-of-
way locations and arterial street locations which can be considered for
potential rapid transit use. These meps are available for review in

our office., ¥

In order to set forth potential configurstions of the initial develop~.
ment of a rapid transit system, we have further developed alternate
aligoment possibllities illustrating the dominant use of one or another
type of right-of-way. Our detalled studies to follow will make possible
the combination of segments of the most adaptaeble type of rights-of-way

into a fingl conclusive alignhment recommendetion.

Consideration and study has been undertaken for all the dominant corri-
dors of travel for purposes of conformancy with a logical ultimate mass
rapid transit service. Extensive investigations have been directed to
those four corridors specifically designated for this phase of the work,
and brief summarization of the problems and potentialities encountered

in these corridors are given as follows:

Freeway
—_=rT

The freeway system for the Los Angeles Metropolitan Area may be classi-

fied into three stages of development in evaluating its potential use

for rapid transit, namely: existing freeways, adopted freeway routes
and proposed future freeways. The latter stage offers the best oppor-

tunity for cooperative officilal effort in the planning of a fully:
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integrated suto-rapld transit system. Generally, in this case, the plan-
ning and design of the Freeway is in such a preliminary state that neces-
sary changes can still be made. Conversely, the first two stages would,

in most cases, require either expensive physical changes or broad revi-
| sions of adopted design. In owr current investigation of each corridor,
we have not decisively ruled out any of these three possible uses. How-
-ever, we have made a preliminary investigation of the comparative merits
of each with respect to what can be reasonsbly accomplished within the
existing and planned freeway rights-of-way to incorporate the rapid treansit
system. Some of these are evaluated elsevhere in this report and have

been discussed with 8tate Division of Highways representatives.

Each of the four corridors have been examined for possible location of
transit within Freewsys. Specifically, we found that along the Long Beach
corridor, the future Industrial Freewsy follows closely transit trip desires
and fully integrated designs can still be accomplished. Also, the use of
adjacent, relatively clear land along the existing Long BgaCh Freeway,

south of the City of Lynwood, is considered feasible. In all other corridors,’
the use of Freeways becomes a more difficult solution, either they are al-
ready constructed, or the plannmed routes are not located in the best transit
service alignment. For Iinstance, the Santa Monica and future Beverly Hills
Freeways parallel the Wilshire Corridor, but because a line generally follow-
ing Wilshire Blvd. is considered the best transit service route, these have

not received strong consideration. The Hollywood and Ventura Freeways
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were investigatéd as potential transit routes through the Reseda Corridor.
Tn most part, these two freeways are elther existing or are in the advance
design stages so that their use is limited. More detailed discussion of

structural problems is set forth in a later section of this report.

Within the San Bernardino Corridor, the San Bernardino Freeway median
provides a good alignment for transit service. between the Long Beach
Freeway interchange and El Monte, a distance of 6-1/2 miles. However,
plans of the Division of Highways call for an additional traffic lane
adjacent to the existing railroad that will reduce the median to 50

feet, Qimilar problems encountered along other existing freeways are

present in this corridor, except in the one section mentioned above,

Arterials
General criteria used in evaluating arterial streets as potential Rapid
Transit routes included:
1. Alignment, with respect to transit passenger service,
2. Width.
3. Length within the corridor.

4, Type of land uses fronting the street.

. Several possible arterials within each corridor have been examined and
their merits compared. Among those recommended for further study. from
a transit service stand-point are Wilshire and Olympic Boulevards in
the Wilshire Corridor; La Brea Avenue, Vine Street, Vineland Avenue,

Chendler Blvd., Van Nuys Avenue, and Sherman Way in the Reseda Corridor;
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Long Beach Boulevard, Alameda Street, sections of Broadway, Main Street

and Vernon Avenue, in the Long Beach Corridor; and Valley Boulevard, Garvey
Bpulevard, segments of Brooklyn Avenue and Monterey Pass Road in the San
Bernardino Corridor. Because of the many variances in widths, lengths and
land uses along each of these streets, detalled comparative analysis must
8til11 be carried further to detail thelr relative merits and potential as
rapld transit routes. The various aspects of way structures and aesthetic

effects are discussed in other sections of this report.

Private Right-of-Way
Some factors involved in the selection and study of private rights-of-way
for Rapid Transit alignment include transit sérvice, property values, and
land use. Generally, three types of rights-of-way have been examined:
1. Row within commercial snd residential sreas.
2. Strips adjacent to existing freeways, rallroads, or arterial streets.

3. Strips along flood control chamnels, rivers or other utility barriers.

Within the Wilshire Corridor, we have concentrated our studies in the area
within two blocks of Wilshire Boulevard. Since po suitable freeway or
railroad right-of-wgy is to be found along most of the Wilshire Corridor,

a serious study of privete right-of-way potential is necessary.

‘There are many land strips along sections of the freeways, rallroads and
arterial streets which are potentially availsble for a Repld Transit

glignment. Some of the more important areas we have studied include those
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adjacent to the Long Beach Freeway, sections in the Cahuenga Pass area,
landé next to the San Diego Freeway north of>Véntura Boulevard, and portions
adjacent to the Sen Bernmardino Freeway in Baldwin Park and West Covina.
With respect to property adjacent to railroads we have examined potential
strips along the Pacific Electric line to Long Beach, the Southern Pacifiec
Railroad lines in the San Fernando Valley and along Valley Boulevard in

the San Bernardino Corridor. Studies involving strips sdjacent to srterial

streets are preliminary and require additional investigation.

Railroad Rights-of-Way
;Potential use of rallroad property can be classifiled into two types:
1. EXisting-operating lines.

2. Abandoned rail lines.

Fleld investlgations have been made along such operating lines as the
Pacific Electric along the San Bernardino Freeway, the Southerm Pacific
line parallel to Valley Boulevard, the Pacific Electric property in the
Iong Beach Corridor and the Southern Pscific and Pacific Electric lines
in the BSan Fernando Valley. Preliminary investigation has been made of
abandoned rail lines including those of the Pacific Electric in the west

Los Angeles ares along Venice Boulevard, and San Vicente Boulevard.

While our work cn rail line rights-of-way is not complete, indications
are that the Pacific Electric lines along the Ssn Bernardino and Long
Beach Corridors offer reasonable possibilities for rapid transit align-

ments. They sre generally in proper transit service alignment and some
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grade separation has been accomplished. ©Problems concerning way structures,
station locations, integration of yard facilities and freight and passenger

equipment scheduling need for further evaluation.

A significant part of the consideration of alignments within corridors is
the land use and community acceptance studies being developed with the
assistance of Victor Gruen Associates. These land use studies will indi-
cate those areas presently in transition or which might be available so
as not to disrupt community activities. Land use work maps have been

prepared and are currently being used as an aid to our evaluation.

Recommendations for Further Work

1. Finalize community acceptance criteria and system criteria.

2. Complete evaluation of Central City concepts and select the most
suitable plan.

3. Refine the ultimate transit system requirements and set forth the
most desirable plan.

L. Meake detailed studies of corridor alignment alternates and select
most suitable alignments and station locations.

5. Make further evaluation of flexible and full coverage concepts of

transit.
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SECTION III

TRANSIT SYSTEMS

INTRODUCTION

The determination of the best type of mass rapid transit system
for the Los Angeles M%tropolitan Area is a complex problem.
This city, perhaps more so than any other, is free of governing
precedents that would obviously dictate the solution to the
type of system that should be applied. Two fundamental aspects
that must be considered in the choice of any transit system for
application to a specific area are: (l) the basic merits of
the system itself, and (2) the physical factors inherent in
the route to which the transit system must be spplied. Fortu-
nately, for Los Angeles, a complete freedom of choice is possible
concerning the former, and diverse alternatives are available

from which to recommend suitable solutions to the latter.

The Los Angeles Metropolitan Transit Authority has evidenced its
determination to have the most modern possible transit system
for this area and have directed us to explore fully all of the
possibilities of recent developments in rapid transit to see if
any have sufficient merit to be considered for the basis of that

transit system.
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The Authority, in delegating this work to us, requested an initial screen-
ing of transit systems in order to ascertain those systems meriting s
closer examination. This has been done, and the results will be reported

in this gection of the report.

The review and evaluation of these fransit systems has been done on a com-
pletely impartial basis in order to determine the advantages and benefits
of any new ideas in transit systems, recognizing that whatever is proposed
must ultimately form the basis of an operable transit system which would
have to be constructed within the relatively near future. However, an ac-
tive search has been made to find if there is anything new and untried
which would have real merit for detailed investigation even though develop-

ment may not have been done.

In this search of modern transit systems, we have been aided by our Consult-
ants, particularly: Gibbs & Hill, Mrf Harold Otis, and Colonel Sidney
Bingham. We have received transit system presentations by anyone who wanted
to maeke a formal presentation to the Authority of his system. In addition
to this, we have had informal discussions with manufacturers, persons and
firms who might have ideas as to transit equipment, but did not wish to

make & specific recommendation for a system to the Authority. In addition,

we have seen several ideas that, while not being actively proposed by any

single proponent, appeared worthy of consideration, and these were, therefore,

included in the evaluation.

The method of approach that is utilized in undertaking a review and evalua-

tion of this kind is as follows:
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1. Determination and study of the local situation and physical
limitations and problems to determine specifically what is

required in this area.

2. Next, a general review of what has been done by others} and
for existing systems, a determination of the good and bad

points and problems involved.

3. Then, a search is conducted for all new systems and ideas
to see what has been developed; what is the current think-
ing on rapid transit systems, and what is proposed by all

the proponents of rapid transit systems.

4., At the conclusion of this, all of this material is then com-
pared and evaluated and the best features of existing and
proposed systems are combined, and a final review is made
by the engineer to determine how these can be improved

upon.

We will cover in this section a general review of the existing
rapid transit systems throughout the world. This is certainly not
a complete listing of all rapid transit in every major city in the

world, but it will include the systems that are of major importance.

We will next cover the development of transit system criteria.
Following this will be a general review of all the transit systems
presented to us with our preliminary findings regarding some of the

details of the transit equipment and, finally, our recommendations

...



for the limited number of systems meriting a detailed comparative

analysis and our recommendation for further work to be done.

Reference is made to the Transit Planning and Transit Facilities Sec-
tion for additional details on our local conditions which would

influence the choice of a rapid transit system.

TRANSIT SYSTEM CONCEPTS

Before an evaluation of transit systems can be made, certain ground
rules or criteria must first be established in order to determine the

general concept.

The work of Coverdale & Colpitts for the origin and destination traf-

fic studies set forth certain premises. These were:

1. That the rapid transit facility to be selected would use its

own grade separated right-of-way.

2. That the rapid transit facility to be selected would have a top
speed of approximately 80 miles per hour and that its accelera-
tion and deceleration rates would not be less than 3 miles per

hour per second.

During the course of our on determination of the requirements for ulti-
mate transit service, we have found that there are three general
concepts of rapid transit service that could be considered for applica-

tion to the Los Angeles Metropolitan Transit problem. These are listed
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as follows:

1. The Trunk-Line Feeder Bus Concept

2. A Flexible Bus System

3. The "So-Called" 100% Coverage System

The Trunk-Line Feeder Bus Concept is the one used in New York, Chicago,
London and many other of the major cities in the world.

It depends on a major trunk-line service of grade separated rapid

transit served at both ends by feeder and distribution systems.

The flexible bus concept is presently belng used in the Los Angeles
area, although by this application it is not strictly mass rapid
transit., 1In order to be so, it must have its own grade separation
right-of-way; but the advantage of the flexible bus system is that the

vehicles serving the feeder and distribution systems are also used for

the trunk-line rapid transit service, thus eliminating the necessity

for tranefers,

The 100% coverage concept is based on the assumption that rapid
transit must serve at least two-thirds of the trips in any daily
period and, therefore, in order to serve these with the multitude or

variety of origins and destinations, an extensive system covering the

entire area 1s necessary.

Each of these concepts requires & study of the equipment necessary for
application thereto. This study has revealed that, in general, the con-

cepts for the application of equipment to the 100% coverage and to



the trunk-line corridor system are not too far apart; and therefore, in
this study, the evaluation of equipment has been generally the determina-
tion of the equipment applicable to these two systems. The flexible bus
system obviously must utilize the buses and, therefore, the review of
equipment for this transit concept has been confined primarily to a re-
view of bus systems for fhis, There are only two really different types
of bus systems. These are the trolley bus and the bus utilizing the

internal combustion engine.

Since the trolley bus really is not a flexible bus system, and since it
must have structure delivering power wherever it goes, it has been
determined that this should not be considered as equipment for the flex-
ible bus system. Therefore, the principal direction of the review of
equipment is for application to either the trunk-line corridor transit

concept or the 100% coverage concept.

Mention will be made in the chapters about some of the studies of internal
combustion bus equipment, but this does not involve the wide review of the

multitude of transit equipment that is involved in the other two concepts.

TRANSIT SYSTEM CRITERIA AND EVALUATION FACTORS

There are certaln requirements apparent for equipment to be considered to
form the basis for the Los Angeles rapid transit system. These require-
ments are:

1. Freedom from interference from other traffic

2. No depressive environment
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3. Pleasing aesthetics, both for user and non-user
k., Susceptibility to automation
5. No insolvable technical or engineering problems with development

sufficiently advanced

As has been pointed out above, the evaluation of the transit equipment
requires certain criteria. Some of this has been set forth in the basic
assumption of the Coverdale & Colpitts' work; other criteria has been
developed during the course of this work and is outlined in the previous

section.

It is the responsibility of this study to evaluate each of the many

proposed systems and accurately compare factors of cost, comfort, flexi-
bility, aesthetics, rider appeal, speed, operating expense, reliability,
noise and vibration, and other essential items. ©Some of the evaluation

factors that are used are as follows:

1. Car Equipment

a, Propulsion
b. Transmission
c. Suspension
d. Car Weight
e, Acceleration
f. Speed

g. Braking

h. Passenger capacity of car
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i. Maintenance and operating costper passenger mile

Jj. Capital cost

2. Way and Equipment

a. Type of support

b. Switching procedure

c. Yard facilities

d. Train make-up

e. Station requirements

f. End-of-line turnaround procedure
g. Signal and communication system
h. Power transmission

i. Communications

j. Emergency factors

k. Maintenance and operation costs

1. Capital cost

3. Intangible Evaluation Factors

a. Comfort
b. Convenience
c. Rider appeal

d. Community acceptance

At the outset of the program, a criteria for evaluation of equipment and
structural requirements was developed by the staff in order to secure in-

formation from all proponents of systems on a uniform basis.
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A series of 75 questions were asked in this questionnaire dealing with
such subjects as operating and performance, characteristics of the
vehicle, dimension and suspensilon, trucks and bogies, propulsion system,
signaling control, communications, cost estimates, patent situation,
structural requirements, and operating characteristics. These are all
evaluation factors that deal with the basic merits of the transit equip-~
ment or system in itself. In making any final evaluation of the equip-
ment, the physical factors of the routes and area to which‘fhe system
must be applied must be also considered. The requirements for adapt-
ability to underground,surface or elevated construction must be

considered.

One other factor which must be taken into account in evaluation of
equipment is when the equipment will be needed. The presumption is
made that rapid transit will be needed in the Los Angeles area by 1965
and that any equipment or system considered must be suscepﬂible to

development and construction by that time.

Another factor involved in the evaluation of equipment is the degree of
development which that equipment has undergone; whether or not it has
actually been successfully applied to rapld transit operation; whether
or not a test facility is currently in operation susceptible of evalua-
tion; whether or not any development of engineering work has been done.
All of this must be teken into account in order to insure that the
equipment chosen can be actually put in successful operation by the

target date. This necessity for the operation by the target date 1965
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does not relieve the regquirement of a truly modern system which can be

operated and expanded over a long pericd of time.

REVIEW .OF TRANSIT SYSTEMS

General

In order to make the review of transit systems and equipment as com-
prehensive as possible, & broad search was made for inventors and
proponents of transit systems, as well as a review of the major
transit systems already existing in the world. Invitations were
accorded to individuals who had previously indicated to the Authority
that they had a transit system or an idea to present. In addition to
this Invitations were sent out to any others known to the staff to
have previously worked on transit systems. A review of literature
was conducted in order to ascertain any others that should be con-
tacted during the course of the survey. It is felt that the results
are fairly comprehensive, even though all of the possible ideas and
inventions affecting rapid transit may not have been found. Those
systems, equipments, and ldeas that were considered are thought to be
representative of the latest and best thinking for new systems, as
advocated by proponents, new ideas from equipment manufacturers, and

the best that can be gleaned from existing transit systems.

It is anticipated that from time to time during the further work that
must be done, other transit system proponents will request hearings.

It is thought that such a hearing would be accorded them in order to






Supported Systems - Overhead or S5ide Stabilized

1. Kearney Monorail
2. ¥  Mono-Tri-Rail
3. U. 8. Monorail
h. Lafferty Monorail

Supported System - Overriding

1. *  ALWEG

2. *  Lockheed

3. %  Hendrik de Kanter
L, Hawes Monorail

Conveyor Belt System

1. Turner Moving Walk
2, Stephens-Adamson Carveyor
3. Mathews Moving Walk

Miscellaneous Systems

1. * Overhead Duct - L. E. Setzer
2. Ground Effect Vehicle -~ Ideonics Inc.
3. Helicopters =~ Los Angeles Airways

Transit System Ideas

1. E. M. Khoury 6. W.H.T. Holden

2. R. W. Bockman 7. Mrs. N. Russell
3. H. E. White 8. Mrs. A. Dickerson
4. A. Opalek 9. W. A. Shannon
5. R. Swan



Jj. Bus System
1. General Motors
2o Flexble Coach Company
Fe St. Louils Car Company

4,  Pullman Standard Company

% Pormal System Presentations

E.

Equipment Used on Existing Systems

PRELIMINARY EVALUATION OF TRANSIT SYSTEMS

1.

General

The criteria that the rapid transit system or equipment must satisfy
has been given previously as have the various evaluation factors

which must be taken into account in choosing the rspid transit system.
The process of choice that has been decided upon consists of: first,
the initial screening of systems to a limited number really warranting
detailed analysis, and secondly, a detailed comparative analysis of

this limited number of systems.

This preliminary evaluation then to determine those systems meriting
the more detailed analysis takes into account primarily the factors

of the features of the transit system equipment itself, without exten-
sive consideration of the cost of the system unless gross factors are
involved, nor the factors involving the specific application to the

Los Angeles area, other than that which is obvious. Thesge latter two



factors form the basis for a detailed study to come later.

Conventional Rail Facilities

The conventional rail system is so named because it is the system
which uses two steel rails normally spaced 4' 8%" apart, and which
is the basis for the majority of all rapid transit and railroad

systems presently existing.

One of the fallacies that has been noted during this survey is the
tendency to make comparison of monorail and other systems with the
antiguated elevated railroad facilities that were constructed near

the turn of the century.

Still others have indicated that the only alternative to monorail
is the "prohibitively expensive" subway. On the other hand, pro=-
ponents of conventional two rail facilities have made much of the
possibilities of ground level operation,asnd operation over existing
railroad rights—of-way,without having the complete knowledge of all

of the factors involved.

It should be noted that a conventional rail system can be used for
above ground, grade, or underground operation and that with modern
design techniques, the equipment and structure can be made as
aesthetically pleasing as most any other system. This is not to
say that there are also not problems involved in the use of conven-
tional rail systems. Some oftheproblems involve safety and noise
control. In order to make a realistic comparison, all factors must

be taken into account.
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Existing Systems

Almost without exception, mass rapid transit faciiities now existing
in the world are of the conventional two rail type. Many of these
facllities were designed for their more available alternates to this
two rail system and subsequently, the original type of facility has
dictated the type of extension. Most of the major cities of the world
have two rall conventional transit facilities of either the subway

or elevated type or have commuter railroads in operation. Perhaps

the most famous transit systems in the world are those in New York

and Paris.

Much has been done in the way of research and development toward the
securing of modern, lightweight, high speed conventional transit
equipment, the solution of the problems of nolse and safety, and
development of automated railroad systems. However, much room for
improvement exists, and further work must be done along the lines of
developing a system which can fulfill all the reguirements of & truly

modern rapild transit system.

It appears also that perhaps 1in some respects there has not been
enough incentive for other rapid transit system operators to develop
truly lightweight, high speed equipment, since with existing struc-
tures, the savings in weight cannot be reflected in any savings of
structure. Savings of weight do have some affect on the cost of
coperation, but since the egquipment must be inter-mixed with the exist-
ing egquipment, it must be designed to take connecting loads éf the |

existing heavyweight cars; therefore, it has been difficult, if not
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impossible to use lightweight equipment on existing éystems°

New Railroad Fguipment

In recent years considerable publicity has been given to two new
experimental trains that were developed to try to give modernized
passenger railroad service. These were the American Car and
Foundry Company Talgo Train -and the General Motors Aero-Train.

(See Figure III-1)

The Talgo Train has been in operation in Spain for almost ten

years now. The basic design of this equipment involves a train
made up of short articulated cars pulled by a lightweight locomo-
tive. In order to achieve the lowering of the center of gravity,
thére is only one truck or bogie under each car. The other end of
the car being supported on the truck of the car ahead. This and
other developments have provided .an extremely lightweight train.

The General Motors Aero-Train was designed on a different principal.
This was the principal of using standard railroad steel underframes,
with an aluminum body in such a way that a major reduction of weight
could be achieved. In-additidn, a new type of air ride suspension
was applied to the rail equipment in order to improve the suspension
characteristics. The combination of the heayy underframe with the
lightweight body provided an extremely low center of gravity.
Neither the Aero-Train nor the Talgo Train have been particularly
well accepted by the American rgilroads for various reasons. Their
use cannot be considered for rapid transit facilities since they

both employ train locomotive principles that cannot be economically
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GENERAL MOTORS "AEROTRAIN"
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used for rapid transit. However, both embody interesting ideas that
might have application to modern design of rapid transit equipment.

These should be studied further.

Systems Proposed for Los Angeles

The two formal presentations of conventional rail systems for Los
Angeles were the "Hastings Plane-0-Rail” which would use a modern
design of two rail equipment on a specially cushioned track, and the

"Norton Aerial Transit System".

This latter system is includea in the conventional rail category,
although it uses pneumatic tired equipment. However, the trucks are
guided by steel flanges mounted by the side of the pneumatic tires.
The steel guide flanges allow the use of conventional switching. Mr.
Norton proposes complete automatic control with a special block
system. Another novel feature of the Aerial Transit System is the
provision to guard against derailment. Mr. Norton's group df opera-
tors and engineers felt that a positive prevéntion against derailment
was necessary for a modern high speed transit system. Therefore, they
made the supporting structure to a channel shape and then, by having
the axles of the trucks protrude under the flanges of the channel,
they keep the truck from leaving the channel. This method is not
absolutely foolproof, since under such .a condition, the cars would
‘have a tendency to shear away from the trucks under a derailment
situation. The Norton Aerial Transit System is still in the concept
stage but its use of pneumatic tired equipment with the attendant
possibility of quiet and smooth operation is an interesting considera-

tion.
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PARIS METRO CAR

NORTON AERTAL TRANSIT

Elevated Trainway Using Pneumatic Tired Vehicles

Figure III-2



The idea of train operation on pneumatic tired equipment, however, is

not new, An experimental pneumatic tired vehicle has been tested for

some time on a special roadbed on Iine No, 11 of the Paris Metro.

This equipment uses horizontal pneumatic tires for guldance rather

than the steel flanges, although flanges are provided to take care of flgt
tires when they occur and are used for switching. There have been

other test installations in Furope, using pneumatic tired equipment

end it is understood that the new subways in Milan, Italy, and Haifs,

Israel, will have pneumatic tired equipment,

The use of pneumatic tired equipment is not necessarily a panacea,
however, since such use brings other problems of increased rolling
resistance and a higher operating maintenance expense., It is felt
that further study should be given to the problems and potentialities
of the use of pneumatic tired equipment, (See Figure III-2 for

illustrations of the Norton System and the Paris Metro Car,)

The interesting feature of the Hastings proposal is the use of a
precision-built roadbed which reportedly gives a substantial

reduction in the initial cost and maintenance cost of roadbeds for
conventional rail facilities., This system would replace the conven-
tional tie and ballast with a concrete beam supporting a conventional
rail, cushioned with rubber. The rubber cushioning idea has also been
used elsewhere in Toronto, Philadelphia, and in other places, How-

ever, it has not always been successful,
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In recent years, there has been some emphasis on the development of
lightweight high speed cars to be put into service in existing rapid
transit lines. The Chicago Transit Authority has recently put into
operation four high speed lightweight experimental rapid transit cars
with specially designed motorr controls, trucks, gear drives, axles,
braking and bearing installations, and auxiliary braking. These cars
weigh in the neighborhood of 42,000 pounds, which is extremely light-
weight as far as conventional transit vehicles are concerned, but do
not appear to exhaust the full potentialities of truly lightweight

equipment.

The potentialities of the development of truly lightweight equipment
has interested several of the major airplane companies who have indi-
cated a capability of developing lightweight cars, as much as half
of the weight of the lightest cars now in use; so that it appears
that there are real potentialities for the development of new equip-
ment which would be light in weight and could result in substantial

savings of structure.

Comments and General Evaluation

Certainly the wide spread use and acceptance of the conventional two
rail system would indicate that it should be one of the systems in-
cluded in a detailed comparative analysis. However, it‘could be asked
as to why if it is so widely accepted, should any other system be
studied. The answer lies in two factors: .safety and noise. There

have been many examples of accidents involving even modern equipment
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and every effort should be made to find -a system that offers the most

in rail safety. The noise problem also is something where great strides
have been noted, but these have been effectiye primarily for eguipment
used at low speeds, and many of the innovations would not be effective

on high épeed systems.

The potentialities of the use of rubber tired equipment are very
interesting, but this also poses many problems which should be studied
further along with possibilities inherent in the use of rubber cushion-

ing for steel rails.

The advantages of the conventional two rail system are listed as
follows:
a. Proven equipmént, since the majority of the transit system

throughout the world use conventional rail.

b. Equipment developed and readily available at minimum of
cost.
c. FEase of switching

d. Adaptable to existing railrcads and ground level operation.

The disadvantages of the conventional two rail system are as fol-
lows:

a. Difficulty of providing positive derailment protection

b. Problem of noise

¢. No truly lightweight equipment is avallable, which would

necessitate new designs in development. This could cost
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TABLE I EXISTING MONORAIL SYSTEMS
5 TYPE OF !
MAXTMUM YEAR ,
TYPE LENGTH SPEED SERVICE CONSTRUC-| LOCATION PROPULSION | WHEELS GUIDE WHEELS
TED
i. Suspended 8.2 Miles 30 MPH Revenue 1903 Germany, Electric Single ~No~
Asymmetrical Passenger Wuppertal L.C. Tandem, Traction Wheel
Variable Double is Self-Guiding
Speed Flange
Wheels
2. Suspended 1600 Feet 25 MPH Fair 1956 Dallas, Gasoline Rubber -Yes-
Asymmetrical : - Attrac- Texas Engine Tired f Rubber Tires
i tion and Wheels
Test !
3. Suspended 1000 Feet 25 MPH Public 1957 Tokyo, Eilectric Single | -Yes-
Asymmetrical Park Japan D.C. Tandem . Rubber Tires
Veno Variable Rubber . 13 Rows
Park Speed Tire ;
Wheels %
|
4. Supported 1 Mile 60 MPH Test 1959 Cologne, BElectric Double P ~Yes-
Saddlebag Track Germany T.C. Tandem, @ Rubber Tires
Variable Rubber . 2 Rows
Speed Tire 2
Wheels
5. Supported 1 Mile 21 MPH Amusement 1959 Anaheim, Electric Double E -Yes-
Saddlebag Park Calif. D.C. Tendem, | Rubber Tires
Variable Rubber | 2 Rows
Speed Tire E
Wheels _
6. Supported 1000 Feet 25 MPH Test 1957 Houston, Gasoline Rubber ; -Yes-
Saddlebag Track Texas Fngine Tire i Rubber Tires
Wheels |
7. Suspended 1.2 Miles | 66 MPH Test Electric Rubber -Yes-
Split Rail E | Track 1959 France D.C. Tire Rubber Tires
‘ . Variable Wheels 1 Row
Speed




practically as much as equipment for an entirely new
system.
d. Has a connotation in the public mind of being old-

fashioned.

3. Monorail Systems

a. General
In the description that follow, an attempt has been made to limit
the discussions to those things pertinent to what may be unique or

special, rather than giving complete descriptions of the equipment.

b. Brief History of Monorail

The history of the development and promotion of monorail systems
would fill several volumes. Some of the highlights will be given
here aﬁd the interested reader is referred to other publicationsl

for a more comprehensive review.

One of the earliest monoraii systems was the over-running system
of a French engineer named,Lartiguej which was bullt for an exhi-
bition in 1833. This system waé later applied to a 9%.mileline
constructed in Ireland in 1883. The vehicles were supported by a
27 pound steel rail mounted on a trestle on either side of which
were mounted stabilizing guide rails. The system was capable of

a top speed of 27 miles per hour. It went out of service in 1929.

Around the turn of the century, an Irish engineer named Louis

Brennen developed a true supported monorail using.a single 70

"Unusual Railways'", Wilson & Day, Macmillan
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pound rail laid on the ground. The vehicles were stabilized with
two gyroscopes. An experimental installation achieved a speed of

22 miles per hour.

Monorail in the United States is believed to have started in 1886
when the St. Paul Monorail was built to provide access to a real
estate development. In 1887, a proposal was made to construct a
suspended monorail system of the asymmetric type in Los Angeles.

A section of supported overhead stabilized momorail was actually
built near New York in 1909. Known as the City Island Monorail,
it was operated for but a few months where the structure collapsed

while the car was negotiating a curve.

The classic example of the operating monorall system, is, of
course, the Wuppertal Schwebebahn (swinging railroad). This
facllity was designed by the German engineer Eugene Langen to fit
the sinuous alignment of the Wupper River. The river occupied the
only.free space avalilable, and the only way to use that space was
to erect some type of elevated railway. Because of the many sharp
curves of the river, standard elevated trains were impractical.
After experimental work on other systems Langen decided on an
asymmetrical suspended monorail. The initial 2.8 mile section
began operating in March of 1901 and the remainder of the 8.3

mile line was completed and in operation in June of 1903. It has
been in continuous service ever since carrying over 700 million:

passengers without a derailment and with only one fatal accident
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not attributable to the system itself. The line has .a maximum
speed of 24 miles per hour with an average speed of 18 miles an
hour. The line has curves as sharp as 246 feet in radius. Each
track is one-way for its entire length with turnarounds at each
end. There is a switch at one of the termimals to shunt trains
into shops fér maintenance and parking. The switch operates
smoothly, but is cumbersome. It has apparently fulfilled all
expectations of the original designers and has enjoyed & conti~

nuous increase in traffic.

Monorail Systems Presently Operating or Under Test

There are three types of monorall systems for which there are
presently operating facilities that can belinspected and evaluated.
Included in the proponents of a general type may be individuals

or firms not actually having an operating or test installation,

but as long as there is . at least one such installation, then the
general type is ilncluded together with all oflthe_proponentso

Recommendations, when they are made, will usually be on the basis

. of the genersl type of system rather than a specific proponent.

This is done for several reasons. First, such a procedure assumes
that no one proponent has the ultimate system and that the system
finally choser will be subjected to further creative engineering
in corder to lnsure that all of the latest development are incor=-
porated in the syste;° Hdweverf if a general type of system is

recommended, this does not necessarily ineclude all of the propo-

nents of that general type. BEach proponent®s system must be
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examined in crder to ascertain.if there are features of his system

which might make it less satisfactory than the general type. This

will be illustrated further in the discussions below.

1.

‘Suspended Monorail « Asymmetric (See Figure III-3)

- For this type of monoraill system, there were three proponents:

Goodell Monorail, Inc.
Greene Mororail, Inc.

Wilbo Industries, MAN

In addition to the systems of these proponents, studies were
made of the existing system at Wuppertal, Germany and the

Tokyo Zoo Monorail.

These proponents and existing systems can be divided into

two basic equipment categories:

Equipment Free to Sway Wuppertal

4

‘Wilbo Industries, MAN

i

Greene Monorail, Inc.

Equipment Sway Restricted

3

Goodell Monorail, Inc.

i

Tokyo Monoralil

0f the equipment free to sway, the Wuppertal line‘as hasg
mentioned before is one of the few true monorails. It has
admirably served the peculiar need for which it was designed.
However, before considering its application elsewhere, i£ is
necegsary to give a closer examination in order to ascertain

its advantages and disadvantages. While it was designed in
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CLASSICAL MONORAIL - SUSPENDED ASYMMETRICAL
View of Monorail Operating in Wuppertal, Germany Since 1903

CLASSICAL MONORAIL - SUSPENDED ASYMMETRICAL

Monorail Installation at Dallas Fair Grounds

Figure III-3



order to allow higher speeds on curves by taking advantage
of the pendulous property it is actually not a really high
speed operation that would be comparable to the needs of
Los Angeles. The maximum speed is only 25 miles per hour
and even at that spsed caution must be exercised in braking
and the equipment used is entirely inadequate by modern

standards.

The proposal of the Wilbo Industries, MAN group represents
the manufacturers of the original equipment at -Wuppertal
and they have designed a modernized version that would
provide for larger high speed equipment. They do not
appear to have solved the three principal objections,
however,

These are: (1) control of sway, particularly at stations,

(2) switching, and {3) one-way operation.

The pendulous property of the suspendﬁd,monofail is not
entirely an advantage. There is a 1limit to the amount. of
sway that the car cccupants regard as comfortable, and a
definite limit of the amount of sway that can be tolerated
-at stations. In addition; the swaying property requires in-
creased clearances in tunnels and othsr tight places. The
Wuppertal and newer designs have had to incorporate a stop
to prevent sway more than a certain amount (usually 159).

The Wuppertal cars must slow down while approaching stations

Y



and control is achieved at statlions by engaging a plow in the
bottom of the cars into a groove in the platform below. This

prevents the car from swinging during lcading and unloading.

There is presently no adeguate switch developed for this

design. The switches at Wuppertal are slow, cumbersome

affairs which are used only to shunt cars into storage and
repair areas. Modern proponents admit the necessity of develop-
ing a switch that would permit high speed branch line operation.
All efforts, in this direction to date, have resulted in massive
turntable designs that leave much to be desired.

The third disadvantage of the asymmetric monorail is the neces-
sity. for one way operation. This_eliminates the use of cross-
overs and requires turnarounds at the end of each line. It
reduces substantially the possibilitiés of flexibility of

operation.

Sway control systems were developed in order to control some
of the undesirabie features of the original classic design
primarily from the standpoint of the control of sway in
curves and at stations. In doing so, they have introduced
other problems. These will be taken up in the next para-

graphs.

-The principal example of this modification of the original
monorall is the Houston-Dallas Monorail as developed by

Goodell Monorail. A 1000" test installation of this system
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is in dally operétign at the Dallas Fairgroundéo A similar
type of installation is in operation in the Zoo in Tokyo.
(See Figure III-4) This system uses pneumatic tires and an
internal combustion engine for propulsion. The car is sus-
pended symmetrically from the top rail but is not the pen-
dulous monorail as at Wuppertal. Two wWwelght carrying
‘wheels are used for the Dallas system and the guide wheels
are placed along the beam in order to control sway. The
Tokyo system uses a single set of pneumatic wheels running
on top of the beam with guide wheels on either side. The
Tokyo monorail also uses electric traction rather than the
internal combustion engine. In even the short test installa-
tion with attendant low speeds, the attempt to .control sway
by providing gulde wheels and securing the bogie to the top
rail does not appear to have been too successful. Some
sway still apparently occurs even at low speeds and a
tendency to oscillation is apparently intfoducedo Once the
guide wheels are used, then the equipment becomes subjected
to all the vagueries of the structure. Any mis-alignments
in the structure are immediately transmitted into the cars

effecting the ride.

It must be sald that of the three principal disadvantages
~ of the asymmetrical monoreil, the pneumatic tired variation
have apparently made or contributed somewhat toward the

control of sway, but the other disadvantages of switching

“5]a



TOKYO MONORAIL
View of Car Showing Hangers and Trucks

TOKYO MONORAIL

Structure Under Construction
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‘and one-way operat&on have not been effecteézy_of the "so-

called" modern systems, there is no high speed test installa-
tion that can be studied and evaluated. The longest existing
installation is 1000' and the maximum speed for this is not
any more than the original Wuppertal line. The pneﬁmatic
tired installation at Houston has had problems with adhesion

to the rail in wet weather.

In view of the disadvantages and problems inherent in the
asymmetrical design and the lack of a modern high speed test
installation, it is recommended that no further consideration

be given to this type of system.

Suspended Monorail .- Symmetric Split Rail

This type of suspended system had one active proponent, a
French group known as the Socilete Lyonnaise des Eaux et

de L'Eclairage. In addition the staff studied the split rail

proposal made by Northrupin Seattle and the split rail designs

made some time ago by our consultant, Gibbs & Hill. This
system type is illustrated by Figure III-5. Actually the
split rail design is not a true monorail at all. It is in
effect a narrow gauge railroad with the cars suspended
beneath the roadbed. The system is included in the section
of sysfems operating or under test by virtue of the 1.2
mile test installation of the French group now being com-

pleted south of Paris. Neither the Northrup or the Gibbs &



Hill designs have been fully developed or test facilities

constructed.

The French group which includes some of the giants of French
industry with some subsidy from the French Government have
been doing engineering and development work on a split rail
system for some time. This work has culminated in the con-
struction of a 1.2 mile test installation in France which
will permit testing of vehicles at speeds of over 60 miles
per hour. This group proposes the use of pneumatic fired
bogies similer to those used in the experimental line of

the Paris Metro. The cars are suspended from the bogies
using a primary and a secondary suspension system for sway
control. -The trucks are enclosed in a box girder with a
wide slot in the bottom. The bogie tires run on .either side
of the slot on the bottom flanges of‘the girder. Some super
elevation is introduced at curves and this together with an
interesting hydraulic serve system control the sway. They
have developed a switch that can be operated in ten seconds
and which is of much simpler design than the classic Wupper-
tal switch. The use of prneumatic tires enables grades of up
to twenty percent to be negotiated at the expense of some
increase of rolling resistance. However, the use of the
pneumatic tired bogie requires a larger’beam than some of
the other systems. Since this system was one of the few

that presented complete technical details, it enabled a
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more thorough analysis which is included in the technical

portion of the report.

The Northrup gyro glide system as proposed for Seattle and
the Gibbs & Hill split rail design are quite similar except
for the propulsion systems. The use of the gyro propulsion
system is covered elsewhere in the report and will not be
repeated here. TFor these systems, flanged wheels run on
rails attached to the inside of the box, on either side of
the bottom slot through which are suspended the car hangers.
The Northrup design would use gyro stabilization to control

sWay.

The principal advantages of the split rail design over the
asymmetrical appear to be in the matter of more positive
control of sway, more derailment protection, the capsbility
of two-way operation, improved noise control, and more

fully developed switching. There are some problemshowever,
The box girder is somewhat larger than the beams for other-
systems although the design does provide for a more positive
control of noise. Some maintenance problem may exist due to
the difficulty of access to the interior of the girder. The
use of pneumatic tires is not necessarily a requiremént for
the system and the problems involved in such use woﬁld have
to be studied further. However; the bagic split rail‘

principle appears to be a substantial improvement over the
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SUSPENDED MONORAIL - SPLIT RAIL
View of Car and Bogie Proposed by SAFAGE

SUSPENDED MONORAIL - SPLIT RAIL

Design of a Split-Rail System by Northrup

Figure III-5



asymmetrical design and as such it is felt that it should
be included in any group of systems meriting more detalled
study. Certainly the new French test track should be
carefully investigsted as it will not only give informa-
tion on the split rail principle but on the efficacy of

pneumatic tires for high speed operation as well,

Supported Monorail Overriding Saddlebag

This supported system has had three active proponents:
Alweg; Lockheed; and Hendrick de Kanter. In addition the
staff studied the supported system as proposed by Alan
Hawes for Seattle. This system type is illustrated by
Figure IIIL-6. The system type is included in the cate-
gory of systems operating or under test because of the
Alweg test installations near Cologne, Germany, and the

Disneyland facility in Anaheim, California.

The Alweg system is & comparatively recent development of a
supported system using the overriding or saddlebag prihciplen
The system is sponsored by Dr. Axel Wenner-Gren. Most of the
engineering and testing of the equipment has been done in
Germany. It also is not a trug moncrail, since it must use
giide or stabllizing wheels. The system has been under
operational test since 1952 when a 2/5 scale model was in-
stalled on a 6000-foot oval test track. In 1957, a full-

scale test track slightly over one mile was constructed.
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The original scale model is reported to havé achieved speeds
of up to 80 miles per hour with quiet; smooth operation. The
full-scale test track is.nqt é loop and speeds are limited to
about 60 miles per hour. In addition to these test installa-
tions, a 3600-foot Alweg facility has been installed at
Disneyland to serve as a ride. This does not have full-scale
equipment and has sharp curves of less than 200-foot radius
which 1imit the speed to less than 25 miles per hour. The
Disneyland operation is impressive from the standpoint of
quietness of operation. The Alweg car is carried by large
pneumatic tires running on top of the supporting beam. With
this design it is impossible to have a level floor in the
car, and some loss of seating capacity and flexibility re-
sults. Also these tires cannot be changed without taking

the vehicle into the shop. A new design is presently

being studied in Germany that may eliminate this objection.
-For this system several switch designs have been worked

out that would operate approximately 10 seconds.

Several designs for supported overriding systems have been
developed by the Lockheed Aircraft Company. (See Figure
III-7) One originally proposed for Seattle would have
been similar to the Alweg system. A modified system now
proposed by them for both - Seattle and Los Angeles would

eliminate the bump of the car. The Lockheed system uses
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SUPPORTED MONQRAIL - OVERRIDING
Alweg Full-Scale Test Installation Near Cologne, Germany

Y SUPPORTED MONORATIL - OVERRIDING
Disneyland Alweg Tnstallation

5 Figure III-6
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steel wheels and rails rather than pneumatic tires. An in-
teresting feature of the Lockheed proposal is thelr proposed
use of extremely lightweight equipment. Such use would re-
sult in reduction of cost of supporting structure. The
Lockheed system was selected for application to the Seattle
Century 21 Fair but so far a contract has not actually heen
executed. No test installation exists élthough Lockheed has

evidently done considerable development work on the system.

The design proposed by Hendrick de Kanter for Los Angeles and
by Alan Hawes for Seattle would also eliminate the wheel pro-
Jection into the car floor by placing the wheels on the lower
flanges of a type of "tee" beam. This introduces some compli-

cations intc the design of the bogie.

The advantages cf the overriding system appear to be:

-~ Sway control

- Supporting structure less in cost than suspended structure
and requires smaller beam

- Quiet operation

- Switching developed

- Capable of two-way operation

- Existing test installations and history of operational

testing

The disadvantages of the overriding system appear to be:

- An irregularity of the beam affects the smoothness of
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SUPPORTED MONORAIL - OVERRIDING

System Proposed for Los Angeles by Lockheed

Figure III-T7



SUSPENDED MONORAIL SWITCH
Split Rail Switch Design Developed by SAFAGE

SUPPORTED MONORAIL SWITCH

Flexible Monorail Switch Developed by ALWEG

Figure III-8
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SUSPENDED MONORAIL (Right)

SAFAGE Truck

CONVENTIONAL RAIL (Left)

Rapid Transit Car Truck
St. Louis Car Company

SUPPORTED MONORAIL (Left)

Alweg Truck

Figure III-Q



operation ré@uiring expensivé erection and casting
techniques

- Designs incorporating smooth floor cars have not heen
tested

- Difficult to make provisions for escape from cars in an
emergency

~ Bwitching slow and expensive

- Beam surfaces carry stabilizing wheels and therefore
must be curved.and warped around curves and will re-

quire gulding of Joints to achieve a smooth ride

The basic principle of the overriding system also appear to
be an improvemert over the asymmetrical design. Systems of
this type have been more thoroughly tested than other'modern
monorail systems and give indications that they might require
a less expensive structur=s than suspended systems. For

these reasons, it is felt ﬁhat the overriding system should
be Included in those systems to be glven comparative analy-

sis.

Other Monorail Systems

In the category of other monoraill systems which do not have
operating or test installations which can be studied are the
suspended systems - symmetric and the supported systems - over-

head or side stabilized.



These will be taken up in the followlng paragraphs.

1. Suspended Systems - Symmetric

This system type had two active proponents in the Davino
Monorail and the S.R.V. Monorail. In addition, the staf?
reviewed the systzms of Henry Fussell and Mrs. R. C.
Lafferty. These systems are reviewed in the Technical Data
section of the report. Suffice it to say that the systems
have not yet been engineered, much less developed to the
point of test installations. An analysis of the basic
principle involved in each shows nothing outstanding that
would warrant further consideration by the Authority for

application tc Los Angeles.

2. Supported Systems -~ Overhead or Side Stabilized

A system.in this category was proposed by the Mono-Tri-Rail
Corporation of Pasadense, which was, in effect, a supported
narrow gauge rallroad with side stabilization. In addition
to this system, the staff reviewed the Kearney Monorail
system and the U. 8. Monorail System, both of the supported
type with overhead stabilization. These systems are reviewed
in the Technical Data sectlon of the raport. The comments
made for the previous system category are applicable and

these systems do not appear to merit further study.
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L.

Transit Systems - Miscellaneous

a.

Geners,.l

In addition to the systems that have already been taken up there
were several systems presented or considered that do not fall in-
to any of the above categories. These are the more exotic or
unconventional systems in an unconventional field and include
proposals for captive aircraft, helicopters, ground effect
vehicles, moving belts, etec. However, in order to insure that no
possibility was overlooked, each of these was carefully evaulated
also to see if there was any possible potentiality for app;ication

in the mass rapid transit field.

Conveyor Belt Systems

The first type of system to be considered under this miscella-
neous category are those that may be of some adaptation of
conveyor systems or moving sidewalks. Among proponents were the
"Turner Moving Walk™, "Mathews Moving Walk", and "Stephens-
Adamson Carveyér and Speedwalk". These could not be studied
seriously because they are not mass £§Bi§ transit systems. They
are too slow for application to the requirements of rapid trunk-

line systems. However, the Stephens-Adamson Carveyor and Speed-

“walk Systems have interesting possibilities for use as secondary

distribution systems. Both the carveyor and the Speedwalk have
been engineered and developed and a test installation has been
constriucted at Aurora, Illinois. A full-scale installation of

the carveyor was designed by the New York Transit Authority for



c.

use 85 a Time Sguare Shuttle but for reasons that are not readily

apparent, it was not built,

The Speedwalk is used at Disneyland for the approach to the
monorail station and appears to be working guite satisfactorily.
If it is found that some sort of secondary distribution transit
system will be needed to supplement the primary service, then the
use of a carveyor type facility and speedwalk should be given

further consideration;

Ground Effect Vehicles

This newest entry in the transportation field presents the
challenging possibillity of high speed operation without wheels,
The principle involves the suspension and propulsion of a
vehicle with low pressure low velocity air, A local proponent
of this type of system is Ideonics, Ine., who have conceived of
a transit vehicle operating with air suspension and with a novel
propulsion system, Unfortunately, the idea is still only in the
concept stage and much work would have to be dome in order to
prove whether it is practical or not, A prelimimary review indi-
cates that higher power output would probably be necessgary
because of the support power regquirement, Convalr, Curtiss
Wright, and the Ford Motor Company have also been working on

ground effect vehicles but development is only im the initial

phases, However the system does present interesting possibilities.

Another system not yet developed is alr duct system as proposed
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DREAMLINER BUS
View Showing Modern Bus Equipment Currently in Operation by MIA

Figure III-10



S.R.V. Duo=-Rail System
(Right)

Stephens-Adamson Carveyor System
(Left)

Air Support Vehicle

Ideonics, Inc.
(Right)

I Figure TII-11



by L. E. Setzer which inveolves the interesting concept of the

propulsion of car capsules within tubes by alr propulsion.

There is no question but what helicopters will play a major role
in the over-all transportation picture of the future; already
they have taken over a good portlon of the long-haul bus move-
ment at the International Airports at the major cities in the
United States and throughout the world. These are shuttle heli-
copter services as the New York Alrways service and the Los
Angeles Alrways presently run from the airport to points within

the city.

Already on the horizon are short inter-city runs and indeed this
sort of service is already in operation in Belgium and is pro-
posed for Los Angeles and other cities in the United States.
The ultimate concept of use of helicopters is for commuter
service and it is at this point that we feel that this poten-
tiality is far in the future. For example, presently a 26
passenger helicopter costs in the neighborhood of $500,000, and
there appears to be Just no way that this sort of an expensive
vehicle can be used for mass rapid transit. Fares would have
to be certainly exorbitant and out of the reach of the average
commuter; so, this system will have to remain in the luxury
class for years to come, but this is certainly not to say that

it does not have its part in the transportatiorn picture.
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Of the other systems we have studied, we see two thal warrant a detailed
comparison with a modern conventional rail facility for the reason that
they appear to offer the promise of increased safety in operation and
the possibility of a more favorable acceptance by the community. Thus,
we recommend that a detailed comparative analysis be made of the three
systems in order that sufficient cost and functional information can be
collected to meke the firal choice of the system best adapted to the

needs of the Ilos Angeles Metropoliitan Ares.
These three systems are:

ALTERNATE A - Conventicnal Rail - Modern Design
ALTERNATE B - Suspended Moncrail - Split Rail

ATTERNATE C -~ Suppcerted Monorail - Overriding

We also see some merit in further consideration of the ground effect
vehicles because of the interesting potentiaslities which they present.
In addition, during this next phase, presentaticons of new transit system
ldeas should cortinue to be received in order to Insure that nothing is

overlooked.
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SECTION IV

TRANSTT FACILITIES

INTRODUCTION

This section of the report deals with facilities necessary to the operation
of the reapid transit system. The scope of work includes a review of require~
ments Ffor way structures, stations and mairtenance yards, and the effects

of alignment on these structures.

Way structures considered in this preliminary investigation have been limited

to generslized forms for suspended moneorail, supported monorail, conventional
dual rail, and bus systems. Detailed analysis of structures for each system
have not been performed, due to the lack of specific information on equip-
ment performance, weight ard dimensions. Retlonal assumptions havé been
made for equipment characteristics which.permif the comparative study con-
tained herein. Detalled investigetion will be mede as information becomes

available and rights-of-way are more clearly defined.

TYPES OF WAY STRUCTURES

Way structuves necessary to the operati@n‘af the rapid transit system fall
into three categories, elevated, surface and sub-surface. .All condltions
mist provide cowplete grade separaﬁed operation. Bxpanding these three
categories, way structures for each of the conditions will develop the fol-
lowing configurations: | |
1. Elevated

(a) Continuous brideing structure.

(b) Continucus filled ground with crossing bridge structures.



2. Burface
(a) Continuous bridging structure for suspended monorsil system.
(b) Crossing bridge structures.
3. Subsurfagg
(2} Continuous open cut with crossing bridge structures. Continuous

bridge structure required for suspended monorail system.

ST
o
N

Tunnel .

1. _Elevated Systems

a. Continucous Bridging Structure

Way structurss which support any elevated system of rapid
transit must be of pleasing appearvance. lLarge, wassive
structures”with,nmny'laced members which obstruct light
and air are not ascceptable solutions to the problem.
Commumnity acceptance of elevated way structures in built-
up areas can only be expected if such structures do not
detract from the surroundings. This requirement virtually
ellminates the use of large open.trussed members and the
"Foregt of Columms” which has been found objectionable in
the past, even though it may be the most economical solu-

tion for support structures.

All systems proposed for further study include recommenda-
ticns for the use of "T" type suppoft columns and moderate
depth beams. Certain members may be shaped to present a
minimum silhouette and, thereby, the least obstruction to
vision. System compariscons, for purposes of preliminary

investigation are, therefore, based on this type of

support structure.
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A typical span of support beams of 100 feet has been used for
structure comparisons. This Tipure 1s probably the shortest
practical span which will permit crossing intersecting streets
without creating an undesirable obstruction to motor vehicle
and pedestrian traffiﬁu Longer spans will be necessary in
many locations such as the Los Angeles River, the Rio Hondo,
and crossing certaln freeway sections. PFrequency of long span
requirements is a Function of right.or.way conditions and will

be a consideration In choosing alignmeats.

Contivuous Fillled Ground with Crossing Bridge Structures

Way gtructures necegsary to this form of right-of-way are pri-
marily <rossing bridge structures similar to that of freeway

design. Conventional rail-systems would be esrth supported.

Supported monorsil would require a cortinuous beam-way of
lighter construction than required for the contlinuous elevated
bridge configuration of 1C0' spac. Additional right-of-way
width is alsgo requived for this system to permit the location
of an accesg road for wmaintenarce purposes as the support beam-
way will not allow passage of surface maintenance vehicles,
Sugpended monorail ls not particulariy applicable for this
form of vigine-of-way, dus to the coontipuwous bridging struc-

ture requirenment for support.

Surface Systems

At grade aligoment of a transit systen is limited to private right-gf-

Crogsing requirements oY such right-of-way requlres under or

T
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overpass facilities with the attendant need for additional real estate

for approach structures.

Way structures required are the same as those for elevated continuous
filled ground cconditions; however, suspended monorail may have appli=-
cation here.

Sub~Surface Systems

(a) Open Cut
Open cut is another form adapted to private right-of-way only.
Crossing and way structures, similar to continuous elevated fill
configurations, are required. Extensive storm drainage works may
be involved with this system in addition to relocation of buried
utilities.

(b) Tunnel
Tunnel or subway structures are complex and may take different
forms depending on types of soils, number of tracks and access
conditions. Location would be limited, where possible, to beneath
public streets except at the ends where "day lighted" in open cut
and private right-of-way is required. Tunnel structures are dealt

with in detail in a separate section of this report.

SPECTFIC REQUIREMENTS FOR WAY STRUCTURES

Rights-of-way have been divided iunto five specific forms for studying
effects of alignment conditions on way structures. Right-of-way types

are:; freeway, private, publlic street, railrcad and tunnel,
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FPreeway Right-of-Way-Median

The majority of Los Angeles freeways now in coperation have been

constructed with minimm width medians.

The addition of a supporting column for an elevated transit system
in such narrow medians may reduce the clearance to trafific lanes
to the danger poiet. The accompanying Flgures IV-l through IV-4

graphically illustrate this copdition.

A second considerstion is that of orossing bridges which require
an increase in the vertical clearsnce of the transit system. The
normal clearance of 15 feet gbove the traveled way must be raised
to 14 feet above the crossing bridge. An extreme example of this
cornditlon ocouwrs at Mulhelland Bridge in Ushuenga Pass vhere
required height sbove ground ig increased to approximately U5
feet, due to the bridge level. An average condition might be 35

Teet,

Arathier conslderation iz that of Interruption of traffic flow on

the freeway during construetios of way stiuctures and line main-
tensnce after completion of the system., Foundatlong Tor an ele-
vated system are massive and would extend under adjacent traffic
lanes. The time required for cpnstruction of any ore foundation
is not greast, bub multiplied by vthe pumber of supports required
for the system, the time becomes quite extended. Maintenance
access in existing freeways would hsve o be galumed through traf-

fic lanes apd in many cases actually performed from this location
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causing hazardous conditions to freeway traffic. If it ls deter-
mined desirable to locate rapid transit within the median of future
freeways, it is probable that a 10 foot access road ghould be ine
cluded as part of the transit system right-of-way to remove this

problem of gbstruction.

Additional right-of-way width required for this alignment is also

shiown in the sccompanying flgures.

A significant factor in the consideration of elevated transit align~
ment adjacent to a freeway ig that of diverslion of driver's atten~
tion. The high speed and relatively frequent stops of a transit
vehicle above traffic on the Treeway may divert the automobile
driver's attevtlon, and thereby generate congestion or accidents.
Trig problem might be wreroome by the addition of a screen to
obscure the transit vehli:le from adjacent trafific. However, a
device of this nature presents a maintensnce problem in addition

o oost and aesthetic congiderationz.

Freeway Right-of -Way-Shoulder

Copditions for shoulder sligmrept are very similar to those for
medisn. Many areas of freeway utilize retsiped side slopes with
minimam clearanse Lo sbructures on adjscent property. Way struc-
ture heights could be reduced slightiy in sowe conditions but

in geperal,aligmment aloung this line Tor any distance may prove

difficult, if not ivpossible, because ¢f side clearances.
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Examples of restricted side clearances are Saunta Ana-San Bernardino
Freeway from Broadway to approximately State Street and the genersl

area of South San Gabriel and Alhambrsd.

Private Right-0f-Way

Private right-of-way; elevated or depressed would be similar to
that Tound on the Harbor Freeway at Washington EBlvd., and Figueroca
Streets respectively. Crossing structures of the same general type

as found along this freeway would be required.

From the standpoint of econgmics, these crossing structures must

be limited o major locations of crossing movement.

The undegirable condition of cutting a community into segments by

a contlnuous barrier has already been fairly well established.

It is also generally agreed that locating a transit system in
oper 2yt is more acceptable than elevating on fill because of

reduced nolse, ilmpairment of light and ventilation.

Foundation conditions for wmonorall systems would also be improved
where Tilled ground dees not ouvcur. Open cut, however, would
require more extensive relocatign of underground uwtilities and

lnstalistion of storm draivsge system.

Surtace level private right-of-way would present ceunditions simi-

lar to those of the San Bernardine Freeway in the vicinity of

Alhambra where both over and underpass bridges are used. This
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configuration of right-of-way involves the least width of real
estate except at crossing structure locations where additional

width 1s necessary for approach ramps. Minimum width of right-

of~way required for surface alignment will probably be established

by community acceptance criteria rather than physical dimensions

of the system.

Publiz Street - Right-0f-Way

Structures necessary for support of rapld transit systems above

a publir street require separstion from motor vehicle traffic.
Separation is usually made by the construction of a median. The
median width indicated in the accompanying sketches is estimated

to be a minimum consistent with safety.

Minimum street widths required to accommodate this system with
parking and traffic lanes each side is 50 feet. 70 foot width
is required for 2 lanes of traffic each way. The governing con-
dition will, in all prebability, be proximity ef the transit
vehicle to adjacent property. This distance is to be determined

by the Community Acceptance Criteria.

The assumed 100 foot span of support beams will permit clear-
unobstructed intersections but will not provide for turn-out
lanes in the median of the type currently installed on many
arterial streets, due to the short setback of columns at inter~

sections,
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Curb alignmment of an elevated system presents a different problem,
in that the transit system would probably be split tc operate one
direction on each side of the street. Support structures would
be doubled in number. Foundations for these structures would
probably require more relocation of utilities than wmedisn sup-
ports., Some difficulty should be anticipated also from the close
proximity of property lines which might require eccentric founda-

Tilons.

To sreas which have narvow sidewalks, the sddition of 27 te 3!
diameter columns would be objectionable to pedestrisn circulation.
This dissdvantage may be partially overcome by the extension of
tracsit supports to include street lighting, power and signal cir-
cults now supported by the familisr "telephone pole'.  Greatest
influence on selection of curb alignment will undoubtedly be the

clesrance reguirement to adjacent property line.

Ballroad Right-Of-Way

A great deal ¢f interest has been shown regarding the use of space
angve existing operating rallroads, Way structures for this type
of cystem wust clear the top of the railroad track by 22'6", in
geoprdance with Public Ubilities Commission regulation. Certain
sections of treck io Boubhern Californis have a requirement of
23'8" clearance., Six inches is generally added to these heights

to permit realigament of track. Where crossing bridge structures

exist, transit way structures must be raised to clear eross traffic.
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Where multiple tracks exist, side clearance requirements may
become critical with the introduction of bridge type piers to

support the overhead track.

Maintensnce and construction access is a major determinant in
consideration of this system. In many cases, rights-of-way are
narrew which would be a major problem, particularly for construc-
tigrn. It wust be assumed until vtherwise determined, that rail
1ines must remain operative at all timesg., Construction costs,

therefore, would be high, particularly for foundations.

The effects of derailment on the railroad must algs be determined

relative to transit system safety. This condition is a function

of the type of service on the rail line.

Contrary to a popular impression, it is possible to build tunnels
in Los Angeles. Many tunnels exist and rvew tuonel construction
is wnder way at this time. Ap example of a transit tunvel simi-
Jar te the type anticipated in current studies is the "subway"

connecting to the Subway Terminal Bullding in dowotown Los Angeles.

Clegrance requirements which 1limit other forwms of right-of-way
have 1little or no effect inm selecting tunmel alignment. Primary
concern le soll conditions and thelr relationship to tunnel excaw

vation, underpinning of adjscent surface structures, and support
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of surface traffic above the excavation. Relocation of under-
ground utilities may be of major significance particularly if

cut and cover procedures are used for construction.

A detailed report of tunneling conditions developed by the firm
of Mason & Hanger-8ilas Mason in agsociation with Daniel, Mann,

Johnson, % Mendenhall is included in the appendix of this report.

GEOLOGY AND FOUNDATION CONDITIONS

Preliminary investigation of geclogic and foundation conditions indicate
different forms of foundations will be regquired in the several geographi-
cal areas to be serviced by the rapid transit system. The geclogic con-~
ditions in the Los Angeles Basis, as indicated by our Consultanis,

LeRoy Crandall and Associstes, cannot be classed as ideal. Knowledge

gained from thelr Investigation 1s necessary to the evaluation of timnel~
ing conditions, determination of foundation costs, and construction problems
of way structures. However, the influence of the type of right-of-way, and
henece the height of support structures will have greater impact on the cost

of foundations fthan the specific conditions of subsurface soils.

In the interest of brevity, elaboration on this subject has been limited.
The reader is referred to the report of LeRoy (randall and Associlates

which is appended to this report for detailed information.

DESTGN CRITERTIA

Facilities for the rapld transit system include way structures for line
operation, passenger stations, storage and maintenance yards for rolling
stock, and power substation structures necessary for the operation of
the system.
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Standards for design of such items as bridges for street traffic
are well defined by government regulation or recognized standards
of practice. However, many way structures do not have clearly
defined standards from which design may progress. Rolling stock
slze, welght, passenger capacity, maintenance consideration,total
unite in the system, off peak storage track requirement, etc., are
all contributing factors to establisbing the needed criteria.
Therefore, assumptions have beer made, based on current practice,
to egtablish comparison data sultable for any of the confilgura-

tions of rall repid trapnsit recommended for further investigation.

The assumptions for operating rail equipment are as follows:

1, Car length 60 / feet, width 10 feet. Height 12 feet.

2. Weight of losded car 6C,000 1bs. (Note: Weight assumed is
based on equipment mow svailable. Reduction in weight in
sitimate design is anticipated).

3. Maximum acceleration - 3.5 miles per hour per second.

4o  Meximum deceleration - 5.0 miles per hour per second.

5, Maximum train 6 cars - station platform = length 330' to 380,

6., Total required cars operating in the system - 360 (based on
L8 mi, of track - 4 win, headway).

7. Maintenance perceutage - 8%.

8., 'Total cars required for system - 390.

LE]

9. Storage track requirement - 75% of total operating stock
270 cars.

C. Maintenance yard track requirement - 10%.
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WAY STRUCTURES

Based on the Toregoing assumptions, way structures will be designed

for the following load conditions;

Case T DALATAT D = Dead Load
L = Live Load

Case IT D48 T = Torsion from Live Load
I = Live Load Tmpact

Case TII Case T £ W W o Wind

Case IV Case I # Te S = Seismic

Case V Case T # A Te - Temperature
A = Rail Longitudinal

Acclersation
Application of acceleration loads in Case V for governing condition
will ocour whea trailne from opposite directions are required to

stop wider emergerncy conditions on tracks ¢f common support.

Additional load conditicns such as stream flow, buoyancy, earth
pressure and settlemwent will be considered where structures may

be subjected to these loads.,

Allowable working stresses assigned to materials will be increased
33~1/3% for (ase I and V, 25% for Case III, arnd LO% for Case IV,
in agreement with current practice for loads of this freguency and

duration.
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Values for the above loads have assigned as follows:

Live T.oad

Torsigg

Tmpact

Wind

Belsmic

Temperature

Rall Longitudinal

Acceleration

30,000 1bs. at alternate centers of 27' and 33

(truck centers)

10% of live load. NOTE: This load is subject to

extreme variation dependant on the system used i.e.,

suspended monorail, supported monorail, etc., and

speed permitted in curves.

been used for reasonable comparisot.

25% of live load.

10% of live load has

Final design of the system will

require extensive investigation of this load and

its relation to dynamic response in the support

structure.

15 pounds per square foot of projected area.

0.133 of dead load.

lOOQF range .

(A) - 23% of live load. NOTE:

This value

is based

on maximum deceleration of 5 miles per hour per

second.
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From the above loading conditions, supporting structures have been
estimated for each of the systems proposed. Dimensions of support
members shown cn figures IV-l thru IV-4 are probable figures for
the conditions illustrated, and are sufficiently accurate for pre-
liminary planning. As gpecific information becomes available on
right-of-way aligpment and operating equipment, the way structure
design will be refined to commensurate accuracy.

PASSENGER STATIONS

Design of passenger statlons is primsrily a problem in adaptability of space
to the movement of people with minimum congestion and maximum speed. Pag-
senger densities, as reported by Coverdale & Colpitts, have been used to
establish train capacity, and headway. From this data it appears that
station platform lengths will probably range ffom 330" to 380" in length.

Platform width is determined by minimum safe width and access gtalr require-

"mente.

Traffic density for station design is subject to extreme variation depend-
ing on many variables, one of which is pfesent-installations ve. ultimately
planred system. Economics: and gpace Llimiteticns are also of prime lmportance.
Until reasonsbly sccurate aligmmernt is chosen apd traffic estimates made

for such aligrmert, actual staticon layouts cernot be made and preliminary
layouts have been developed for planning purposes. Figures IV-5 and IV-6

are examples of staticns which may be gpplicable to the cenmtral business
district for subway aligament. The estimated capacity of these stations is

40,000 passengers per hour with only moderate congestion. Assuming trains
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at L minute headways, no congestion would occur at 20,000 passengers per
hour. These volumes are proportlonal to traffic which may be anticipated

if the rapid transit system is installed on an incrementsl basis.

Filgure IV~T is a concept layout for an outlying station including secondary
transportation functions of feeder bus lines, parking for park and ride,
aud car pilckup. Minimum design for safety and convenlence establishes
loading platform and access space rather than traffic density thru the
station. For this reason, this station layout is capable of handling
approximately 5,000 passengers per hour, a number well In excess of the

actual traffic anticipated at an outlying location.

All of thke station layouts presented save preliminary concepts of space and
access. Changee may be anticipated as the actual factors of availability
of space for construction, public acceptance criteria, fare collection
method, ete,, become known. Passenger convenlence and economics of cone-

struction must 2lso be balanced for each atation loecation.

Basically, whether a station is elevated or depressed from adjacent grade
level, the floor space requirement for any particular passenger load is
the same. Varletion in statlon structure ig notable for changes in type

of right-of-wsy and raplid travsit system,

An elevated siation serving a suspended monorall would require increased
ground clearance, for example, over public street due to the depth of

support framing for boarding platforms. This situation does not exist for
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supported systems, because clearance height is established by rail support

beams which are of greater depth than required for platform framing.

Stations, access ramps, stairs, ete., must adbere to the same clearance
requirements ag imposed on way gtructures. If median alignment along a
freeway or public street is used, a bridging ramp must be installed to

adjacent sidewalks or parking areas.

Length of such bridges may he as wuch ag 100 feet, Vertical rise of stairs
or escalators would be in *he range of 16' to 44'. The extreme of 4U4' isg
encountered when s statlon with center platform is used and access is made

by bridging over transit equipment as well as adjacent traveled way.

Station layouts studied include boih "common" and "through loading’ systems.
Common losding confines on and off train traffic to ore platform. "Through
loading"loads from cne platform and digscharges to snother platform on the
opposite side of the traiu. Through loading is capable of handling higher
traffic volumes withoub congestion than common loading; however, this system
doeg not sppesr to be economical for dengities estimated in this system,

For maximum encnomy of space and operation, 1t is probable that all stations

should uge a central platform handling traffic in both directions.

MATHNTENANCE AND STORAGE REQUIREMENTS

Tnitial ideas of the locatlon and extent of storage track and maintenance
facilities are outlined here as g guide to further study. Actual require-
ments will be determined from performance data of equipment and trafiic

demand .
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Consideration is being given to locating a central maintenance center on
the MTS property north of Macy Street. Sufficient space is probably avail-
able for this function and its location appears well situated for servicing
all corridors of traffic. Some difficulty may be anticipated in gaining
access to this property, but the advantages of this location warrant exten-

sive study.

Storage yard capacity for off peak hours and night low level operation is
based on 75% of equipment as non-operative. Track length required is
approximately‘3ml/2 miles and should be distributed throughout the system

cn the basis of demand.

It appears advantageous to consider locating storage track adjacent to
presently operating yards of the MTA at the end of the tramsit corridors,
in order to minimize operating expense. Such a conditlon might exist in
the vicinity of Holt Avenue in El Monte where it may be possible to reclaim

ground adjacent to the Rio Hondo,

Another form of storage track, usually referred to as a "lay-up track"”,
will also be included. 'The function of this track is to remove a disabled
vehicle or train from the male line. Track of this type is usually loca-
ted adjacent to statlon at 2-1/2 mile intervals and will alsc permit "turn

"

around’ of scheduled trains if desired.
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CONSTRUCTTION CONSIDERATIONS

Meterials and methods of construction fTor way structures which meet the
reguirensnts of ecovony, aesthebtics, speed of ocomstruction and structure

strength are stesl and corncrete with a maximum uwhilization of prefabrica-

ticn technique. Mawimum vse of standardized span lengths and column heights
for re-uge nf sieel Jigs and roncrete forms promote ecopcmy and rapid con-
struction. Also,extensive use of drilling methods would permit rapid

e o

installation of founds

Speed of womstrustlon Is of paramount imposrtance Lecause of public interest
to have the system operative at the earliest possible date. It is also

important that normal surface traffic be disrucled for the shortest pos-

In addition to tne probiem of erecting the structures in the selected

paitions affe ug movement of materials to the point

rights~af-way, the

of use must he evaluated., Supporbting girvders for ag elevated system would

require spenial equipment doe bo lerngth and welight, Tor shipmernt from

P

fabrisatios yarde to the constrastion. r some areas 1t may

i

be pecessayy To mo #lals only = alght. A similar condition is

Found in rement of large volumes ol &3 hion in open cubt or £il1

type of rlght-of-way.

Before final selection of materials for st g is made, 1t will be

necegsary to determine the effects of masintenance costs for each material

o

proposed and evaluate total costs for construction and gperation over the

“Qlw
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assumed life of the system. Although first cost is of major importance, it

is usually impractical to use materials which require expensive maintenance.

SUMMARY

pR——

Ultimately, the form of right-of-way for the repid transit system must be
chosen on the basis of maximum service to the user, acceptability to the
adjacent property and economics of facilities on which the system will

operate.

Many forms of rights-of.-way have been suggested for rapid transit by lay-
man and professional, and in some cases costs of construction have been
quoted on the suggested rights-of-way. Generally costs quoted have been
based on idealized conditions and do not reflect the necessity of addition-
al heights to clear structures crossing the right-of-way. Figures IV-1
through IV-4 indicate some of these conditions of clearance. Briefly, it
is not possible to accurately estimate the cost of facilities for the rapid
transit system without having a reascnably accurate alignment of right-of-
way established. Preliminary cost estimates may be misleading due to the
multitude of assumptions on items such as the height previously mentioned,
utility relocation, proportion of curved and tangent track, station fre-
quency, etec. Cost estimates which have not been based on specific consider-
ation of alignment must be used with extreme care or entirely erroneous

conclusions may result.

~02x
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