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Dea,r Mr. Gillies:

Transmitted herewith are ten (10) copies each of a report in two
volumes which comprises the technical supporting material to
accompany our Progress Report ..

This report conta1ns a more detailed resUIlE of the work we have
been able to accomplish during this Initial. Phase of the Rapid
Transit Program and, in addition, we have included in the second
volume the reports we have ~ceived from our consultants on spec­
ialized aspects of the program .. ·

Respectful..ly submitted,

DANlEL, MANfl, JOlmSON, & MENDENHALL
Architects & Engineers

David, R. Miller
Project Manager
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.SEorrON I

INTRODUCTION•. SUMMARY AND CONCLUSIONS

As directed by the Contract, the "scope 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 initia~ consideration of condi­

tions existing 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, wouldprovlde 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 ~ta 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

w1ll 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.
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The team which has been assigned to this effort has been made up of in-

d!viduals f:rom the various IK1M technical staf't" groups together with our

Associate ED.glneer, Mason & Hanger-Sllaa Mason CompanyJ Inc. and the othl..~r

consultants in the following specialities:

•

Gibb6 & Hill

Victor Gruen Associates

Colonel S. H. Bingham

Harold Otis

Lloyd A1dricb

Henry Babcock

leRoy Cranda] ] & Associates

Equiprrent - Elecilrical Engineering

Community Plana1ng

Transit System Operations

Transit Equipment

Routes

Land and Rights-Of-Way Evaluation

Foundation Engineering and Geology

•

•

•

-

These specialists have met frequently 'With the project staff for discuss­

ions on various aspects of the work. Several of the consultants have been

asked to report on special problems and these reparts have been included

in the appendix of the technical supporting materiaL

The program has been d1vided into three general tasks with a project task

group assigned to each. These task groups have operated under the direct­

ion and coordination of the Partner-In-Charge and of the Project Manager.

For convenience, the reporting herein wil.l generally be done using the

same divisional framework as these tasks which are:

Transit 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.

I "



•
•

•

-

•

•
•

••
•
•

•

•

•

•

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.

DE\IELOPMENr 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 1s being

carried out in connection with representatives of Coverdale & Co~pitts

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

jections 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.

1-3
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Our findings, to date, have led to the autlin.ing of three bI'.Qad concepts

of .tr$llSitservice that may be c'onsidered as ~s of providing different

level.sof service. These transit system concepts 'are:

. 1. Full coverage systems which would provide means .af se.rving

the majority of origins and destinations within the Community

~th rapid transit service as adv.Qcated by George Ro~ and

otherS.

•

2 .•

3·

Flexible systems utilizing bus equipIIle~t to provide .for feeder

distribution ~d trunk service with a single vehicle.

Trunk line rapid transit ~ystems served by feeder .and distri-·

bution syste.ms using buses or other eq:u.ipment.

•

•
I

•

•
•

•

The Authority directed .our initial effort toward the t:runk 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 inf'ormation from

Coverdale'and Colpitts to determine the levels of service needed now.and

in the future. Once the cqncep,t is established, then a master plan for

ultimate transit -service can be recommended.

PLANNING CENTRAL CITY TRANSIT SERVICEi
pI, J • L

Our studies, to date, have indicated the type of service to the Centra.l

City area to be most important, particularly during .any initial phase of

:a program, 'so that future expansion can b'e accomplished without interfer-

~nce to service Qr adding unnecessary cost.

r .. 4
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Studies are now beingcarrled out to gauge the effect on real estate

values and other deve1.opment by various routes and configurations of

service and by elevated or subsurface construction. Require:o:ents

for downtmm 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 reconnaissance has been made of the Central City to determine

potential route alternates, and a study has been made of possible

utility intereference. In reviewing the factors involved in construct­

ion in the Central City, specialemphasls has been placed on the deter­

mination of methods giving the least interference with normal activities.

Altertiate route layouts are currently being studied and preliminary cost

information has been developed in order to ascertain the af~ect o~ 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 o~ these alternates are the ~actors o~ 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 i~ a secondary

distribution system is required.

1-5



•
•

•

-
•

-

•

•
•

•

•

•

CORRIDOR CONSIDERATIONS

Insofar as the detailed consideration of alignments 1s 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 attentlon'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 detai.l 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.

[-6
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A significant part of the considerations of alignments within corridors

is the land use and community acceptance studiea being developed with

our consult~tB, Victor Gruen Associates.

These land use studies have indicated those areas presently undergoing

transition or having activities which could not be disrupted. Land use

work maps have been prepared and a,re currently being used in our evalua­

tion processes.

TRANSIT SYSTEMS

The determination of' the best type of mass rapid transit system for the

Los Angeles Metropolitan Area must take into account the fact that· this

city, perhaps more so than any other, is :free of governing precedents

that would dictate the choice of equipIIl:!nt and system that should be

applied here. Two fundamental aspects that must be considered in the

choice 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 applied. Fortunately for Los Angeles, a com­

plete freedom ot' choice is possible concerning the forrrer, and d1verse

alternatives are available .from which to recommend suitable solutions

to the latter.

We have explored, in general, all. of the possibilities of rodern develop­

ments in rapid transit to determine which systems have sufficient :rrerit to

be considered for the basis of the transit system here. A brief summary

of this effort follows.

1-7
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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 whatever 1s proposed ultimately must form the basis

of e,n operable transit system which would have to be constructed within-

the relatively near future, but: we must consider all transit ideas even
.,
. though they may .not have been completely developed.

In this evaluation of JD:ldern trans! t systems, we have been aided by our

consultants J particularly Gibbs & Hill, Mr. Harold Otis and Colonel

Sidney Bingham. We have received transit system presentations by any

proponent who wanted to make a formal presentation to the Authority of

his system. In add!tieD to this, we have had informal discussions with

manuf'acturers, persons and firms who had general. ideas as to trans it

equ1p~nt, 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 beiDg actively proposed by ~ single proponent, appeared

'WOrthy of consideration, and these were J therefore J included also in the

evaluation.

We find. that of many at the systems still are only in the concept stage

with their real potentialities yet to be developed and. explored, and some

present intricate engineering and design problema which must yet be solved.

acme of the systems are far advanced with development virtually completed

and with operating test installations that can be inspected and evaluated.

I-8
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In order to develop sufficient information to facilitate evaluation

.of these vs,rious systems, a series of 75 questions 'Were prepared and

given to each system's proponent. These questions dealt with such

subjects as operating and performance characteristics of the vehicle,

dimensions of vehicles, type of suspension, propulsion systems J braking,

coat estimates, patents, 'structural requirements, 'etc •.Many of the pro­

ponents whose systems e,re still onl.y in ,the concept stage, were unable to

a,nawer these questions, while some sub~tted very complete design and

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

The evaluation process and the selection or a lim1tednumber of systems

meriting further study involves the application of judgment and compari­

son with certain requirement atand.ards. One of the factors that muat be

taken into account in this selection 16 the status of the system in re­

gard to its capability of being developed into an actual operating system

in the ~rea8onably near future.

This development work 1s a time consuming process for a new system. For

the more unconventional systems, this process takes years before sufficient

knowledge c~ be accumulated to provide a sound basis for the application

of the system to a multi-million dollar tr,ansit program. The system must

generally meet the transit system criteria set forth previously apd must

show some reasonable basis for consideration and application to the

los Angeles Progr~.

Enaineers I Recommendations _ Bystema

Of the .D,1.ne general categories of transit systelD.!3 considered by this screen­

ing study, we' have found three categories that 'We feel merit further consider­

ation and detailed comparison.

I-9
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These are set forth as follows:

A. Conventional -ewe rail system (biodern deSign)

B. Suspended 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 po1i:Lt 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 slgni.flcant new concept for possible

application in rapid trans!t. It is a so-called "ground effect" vehicle

which uses air suspension and a type of magnetic propuJ.slon. While the

engineering of a spec1f'lc prototype vehicle has' not been completed and

no test section is available, 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 8I1Y

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

f'Urther comment is in order. Our evaluation covered only the possible

application to the peculiar requirements of the Ins Angeles Transit

1-10
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Program and we see, in many of the systems, ideas and concepts which do

have Illl.lch merit and which made the selection difficult.

Some of the systems show promise for the future, but a,re presently not

developed to a point where they could be used with confidence as the

basis rOT an operating transit system.

The three systems that are recommended for further comparison have been

revie'Wed with our Consultants, Gibbs & Hill, and with Colonel 8. 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, vrould indicate that it should be one of

the systems included in the detailed comparative analysis. Such a system,

as adaptable to Los Angeles, would use lightweight, high speed equipment

and be of modern design. Further consideration wouJ.d be g1Yen to the possi­

bilities of the use of pneumatic tires and special roadbeds.

Because of its adaptability, 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

systems1 The answer lies in several factors, among which are those of

safety in operation, levels of community acceptance, and noise.

T-l.l
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Several 0.1' the newer types of' monorail systems give some prom1se of

improvement along these lines. Therefore, in order to insure that

the best and oost modern system .1s chosen as the basis tor the rapid

transit program, these other systems J which show promise should be

studied in detail. and compared with the conventional. rail system 'to

see which one 1s the lOOst feasible and adaptable here 'to the Los Angeles

problem.

Suspended System - SYDlD!:tr1c SpIlt Rail

This type of suspended system bad one active propoDent - the French

group headed by the Societe Iuronnaise des Eaux et de L'Ecla1rage.

In add.1t10D 1 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 1s not a true m:morail at all. It 1s in

effect a narrow gauge railroad with the cars suspended beneath the rails.

The system is 1nc1ud.ed in the category of' systems operating or under test

by virtue of the 1.2 mile test instaJ.J.at1on of the French group now being

completed south of Paris. Neither the Northrup or the Gibbs & Hill.designs

have been tully developed or test facilities constructed.

The French group 1 which includes some of the giants of French industry

and with some subsidy from the French Government have been doing engineer­

ing and developDmt work on a split raU system for SOlE time. This work

bas cll1m1usted in the construction of' a 1.2 mile test 1nBta.lla.t1on in

France which will permit testing of vehicles at speeds of' over 60 miles

per hour.

I -l~
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This spllt rail type of suspended system ,overcomes JIJB!lY of the diaad.-

vantages of the classical type of asymmetrlc:ally suspended system. It

does have some disadvantages in comparison to supported systems in the

higher structure required and the lOBS 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 s~

control. Certainly this system should be caref"ully evaluated and com-

pared with the other two systems.

SUpported Monorail Overriding - SaddlebS;§,

This aupported system bas had three active proponents: Alweg, lockheed,

and Hendrik de Kanter. In add!tiOD, the staff studied the supported

system as proposed by .Alan Hawes for Seattle.

The Alweg system is a Bupported 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 i.s not exactly true monorail,

since it must use guide or stabilizing wheels. The system has been

under operational test since 1952 .when a 2/5 scale m::>de1 was installed

on a 6000-ft. oval test track. 1h 1957, e. fUll-scale test track, slightly

over one mile was constructed. ~ The original. amal.l-scale model is reported

to have achieved speeds of up to 80 miles per hour "With quiet, 81000th opera-

tion.

1-13
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The f'Ull-scale test track 1s not 8 loop and speeds are .limited to about

60 miles per hour. In addition to these test installations, a 3600 foot

Alweg ~acl11ty has been installed at Disneyland to serve 8B an amusement

ride running at lower sp§!eds. This nr.:moral1 facility 1s reported to

be one of the moat used attractions in Dlsneyl.e.nd. A varlatiDnot the

overriding monorail system which does not~UBe pneumatic tires has been

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

The basic principle of the overriding system also appears to be an im_

provement over the classical. asymmetric design, and systems ot the over­

riding type have been oore thoroughly tested at high speeds than other

modern monorail systems. There are several disadvantages a1.Bo. The run­

ning beams require e xtre:ae care in casting and fitting, in order to pro­

duce a soooth ride. Also, the switch1ng 1s slow and cumbersome, although

switch designs have been aieviHoped which have some advantages over those

desigo.ed for the suspended split-rail system.

The overriding type is considered to be the best o.f the supported monorail

systems, and therefore, it should be al.so caret'ully evaluated and compared

with the other tvo systems.

Transit Sl!'tem !l.uiF"nt

In additlon to the evaluation o:f the various tr.ans 1t systems, the project

staff have accomplished much in the way of initial engineering work on

other aspects of the transit system equipment.

i-14
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I'MJM electrical apd systems engineers, along with our Consultant,

Gibbs & Hill, have developed preliminary criteria and recommenda­

tions' "ror further 'engineering of' automatic train control and opera­

tions systems and signal and conmxunicat1.ons systems. These systems

glve promise of operational economy and safety of a llX>dern, high

speed system.

Tentat!vely, we have concluded that the power supply system which

shows the roost promise is the direct current electric traction

system which has been used for trans! t service for: years. Nuclear

~d other unconventional sources of power together with alternating

current electric power were found to offer lees advantage than the

conventional. power system. We have devised .some variations of the

D.C. system whirch 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 'iWd

'We a,re convinced that major 'Weight reductions are possible which 'WOuld

aft'ect substantial savings In structure. Another aspect deserving :fur­

ther 1mmedi~te engineering -effort is the design of the trucks o.f the

systems, and the advantages and disadvantages of the use 'of pneumatic

tires. We have found that there are mBJlY tec1micaJ. problems involved

in the high speed .operation of heavily loaded pneumatic tires and _dis_

cussions a;r-e under way with rubber man:ufacturera to see if these can

be solved. The problems of dynamic and other forma of braking are be­

ing studied to see if sone of the problems noted in existing operations

can be solved.
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The d.etermilla:t1on of the transit system to be used far the Los Angeles

area has required investigations b'eyOnd the mechanical aspects .of' the

equipment. Necessary supporting structures for transit systems have

been reviewed and la,youts made to delineate station requireJrents for

the various systems. The possibilities of operation in freeway or

railroad rlght-of-we;y have been considered together with the problems

involved in underground constructd.on of sub~. The studies of' cost

of facilities are, of course, of fundamental importance.

Specific requirements for way structures under different right-of-way

cond1tiona have been developed 'Which have resulted in cle~ance dia-

grams and preliminary structural l..a,youts 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 coof'igurationa of rapid transit recommended for fur­

ther study. Preliminary concepts of access and space requireIlEnts of

stations have been made together with a review of factors of passenger

convenience and _economics of construction. Progress on the development

of maintenance and storage requirements of transit systems has been made

and initial efforts begun toward the location of necessary ya.rde and shops.

One ·of the principal items which has been accomplished is the preliminary

foundation and. geology study by our Consultant, LeRoy Crandall & Associates,

and the review of unde~ground.construction conditions by our Associate

ED.gineer, Mason & Ha.nger-Bilas Mason Company, Inc.
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One of the purposes for these studies was the determination Of the pos-

~ibility of application of low cost tunneling methods to subway construc-

tiOD in areas where this must be considered. Application of such

developments as the "Mitry Mole" and various mining devices to·Los

Angeles conditions was studied. These advanced tunneling techniques

are only advantageous in soft rock conditions which, unfortunately do

not exist in the Los Angeles area under initial system plannings. The

geology study showed that sands and gravels would be encountered 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 Rapid Transit Program, it is not possible to

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

However, ther.e 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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2. The criteria and minimum requirements for this system should be as

outlined in our report.

3. The conventional two-rail system, the suspended split-rail monorail

and the overriding-saddlebag monorail warrant fUrther detailed com­

'perative analysis.

4. Our 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.

5. The direct current type of power and propulsion system 1s the most

practical and economical and should be adopted.

6. The cost of underground construction causes us to lean at this point

toward overhead construction wherever possible.

7. The several alternative route alignments that are afforded in each

of the four corridors should be further comparatively analyzed to

determine the best alignment vithin each corridor.

8. The planning for the ultimate transit system ffiaster 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 forthvith and

be scheduled to accomplish the following:

1. Detailed analysis and selection of the transit system and equipment

best adaptable to the needs of Los Angeles.

2. Selection of a specific recommended route within each of the four

corridors and vithin the Central Business District.

3. Development of cost information.

We propose a period of four months to accomplish the foregoing .

1-18
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At the conclusion of' this progress report, we gratef'ully ackI1.owledge

the 'cooperation and assistance 'of' many agencies~d individuals in

the wrkthat has been done. We are confident that this same level

of cooperation in the succeeding phases of' the program will point the

way to the successf'ul implementation of the Los Angel.es Rapid Transit

Program•
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SECTION II - TRANSIT PLANNING AND CRITERIA

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 optimum speed and capacity.

In such a system, we might visualize "home to work II trips within the major

travel corridors being accomplished through the use of rapid transit trains.

We can further visualize the stations at outer limits of such travel cor-

ridors prOViding for connections with feeder bus lines, for '~iss 'n ride"

operation and ''park and ride" operation. For longer distance cOIIlIIluting

beyond the 25-30 mile radius from the Central City Area, we visualize ser­

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

with the rapid transit trains at key interchange stations. We anticipate
#"

the continued .vital contribution of the automobile for individual trans-

portation on travel patterns of lOw density and for short neighborhood

~r1ps which cannot economically be provided for by a mass transportation

system.

Within our Central City Area, it 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 commercial actiVity. Such a seco,ndary distribution

system would uniformly distribute passengers to within approximately one

block of their ultimate destination.
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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) Maximum of 75 to 80 miles per hour.

(b) Average scheduled of 45 mUes per hour.

(c) 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 ho~.

(b) Capable of 90 second headways.

(c) 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.

(c) Parking areas adjacent to outer limit stations.

(d) Distribution system in central business district.

( e ) Integration with surface bus feeders throughout.

4. Comfort Factors:

(a) Adequate seat dimensions.

(b) Internal temperature control.

(c) Low noise levels.

(d) Pleasing appearance.

(e) Smooth riding qualities.

(f) Provide seats for majority of passengers.

5. Safetl 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 ultramodern in exterior and interior design.

7. .Maintenance and Operation Factors:

(a) Lightweight equipment.

(b ) Interchangeability of equipment between lines 0
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(c) Line connections to central maintenance area.

(d) No more or less than one operator per train.

(e) Collection of fares must be practical and convenientA

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

The foregoing minimum requirements cover the principal areas being 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-h'Ourperiods.

Convenience 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 from one to two hours

of time per day for reading or napping, assuming that such activities can­

not be acco'mplished while driving, and rarely on a bus.

Other considerations which are important from both the passenger and opera­

tor viewpoint are safety) aethestics and types Of equipment.

Development Of community acceptance standards or criteria has been carried

on by Victor Gruen Associates under our direction. Excerpts f:tOm their

report which is included in full in Volume II, Technical Data are as

follows:

-4-



"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 would 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. II

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

area in jeopardy" and "No city can afford

the resultant land lOSS, tax loss and general defloration that results."

"An ideal system, unnoticed and unheard, also places a burden on the

community" from-------- ------
extremely high capital costs, etc..,"

''heavy maint.enance cost,

I

•
•
•
•

"Assume for a moment three continental buses cO'upled together, accelerat-

ing rapidly to reach 75 mph speeds " "such a 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 approach the subway minimum."

-5-



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

acceptance by the community --- from an external standpoint, are;

Noise

Visual Disturbance

Air Turbulence

Vibration

Danger

Traffic Interference

Neighborhood Disruption

Utility Interference

Aesthetics

I
..

•

Summary

I~ surface line --- is limited in its application to open, relatively'

uninhabited areas or industrial areas where traffic interference and

noise are not major considerations."

"Anelevated system --- can be used in open areas, in all heavy and

some light industrial zones, and could possibly be used in commercial

areas 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) • II

liThe subway, though very costly, totally eliminates all factors relating

to external acceptance. r,

DMJM will utilize both the minimum requirements for a rapid 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.

C. Ultimate Transit System Requirements

The planning aspects of this program have been considered _on the basis that

initial segments of the over-all. system should not be undeJ;'taken bef'ore

thorough consideration is given to a logical ultimate plan of rapid tr~it

facilities. We have, therefore, revie-wed in detail traffic studies and re­

ports prepared by Coverdale & Colpitts. We have also conferred at length

with the representatives of the California State Division of H1gbw~ys,

City of Los Angeles Departments of Planning and Tratflc, and the los Angeles

County Planning Department. We have conferred with the planners currently

working on Los Angeles Central City Concepts and reviewed aspects of p~ed

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 ODe plan to be recOlIllIended for adoption • A re_

view of thes e ultimate plan concepts reveals Central City area pl.anning

problems beyond those irmIediately apparent when considering only present

transit service to the Central. City. It is also evident that the Central City

~ea becomes the interchange for rapid transit facilities which, if improperly

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

-7-
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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

a trunk line rapid transit system with bus feeders. Attention is also

being directed toward the "flexible" concept and the "full coverage" con­

cept of transit service. We also ant1.cipate the development Qf major

parking areas adjacent to outlying stations in order that the IIpark and

ride II operation can be accomplished.

Central Cit;¥" Transit Ooncepts

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 CUy area, so that expansion of the system

can be a,ccomplished without interference to service or adding cost un­

necessarily. In ord.er to evaluate the requ.ired service to and through

the Central City area, we have prepared. a number of alternate plans,

each of which has oU,tstanding ad.vantages. These plans are shown in

sketch form on the following pages.

-8-
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Basically, these systems fall into four dominant configurations; 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 other developments by each of these configurations and also the

proPable 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 c01llpleted, there are strong indi­

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

stations to business actiVity will be dominant factors in the over-all

estimate of the value of rapid transit to the Central City.

We are also reviewing the possible necessity for a secondary distribution

system to operate at tJ:::l.e same grade as main line rapid transit.

Corridor Considerations

The scope of Qur study has limited us to the four corridors,; namely,

Reseda vis. Cahuenga and Wilshire, Wilshire, Long Beach, and San Bernardino,

insofar as detailed consideration of alignments is concerned.

During the course of our work, we have prepared maps indicating alternate

right-of-way alignments within each of these corridors. The following

sketch indicated these alternate alignments and reveals the extent of

-1.3-
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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 maps are available for review in

our office. ~.

In order to set forth potential configurations of the initial develop­

ment of a rapid transit system, we have further developed aiternate

alignment possibilities illustrating the dominant use of one or another

type of right-of-way. Our detailed studies to follow will make possible

the combination of segments of the most adaptable type of rights-of-way

into a final conclusive alignment recommendation.

Consideration and s~udy 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

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 offic;La,1 effort in the planning of a fully,
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integrateda,uto~rapid 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

sionsof adopted design. In QUI' current investigationofea,chcorridor,

we have not decisively ruled out s:nyofthese three possible uses. How~

ever~ we have made a prelimina,ry investigation .of the cQmparative merits

of each with respect to what can be reasonably acco~lishedwithin the

existing and planned freeway rights-of-way to incorporate the rapid transit

system. So~ of these are evaluated elsewhere in this report and have

been discussed with State Division of Highways repres.entatives.

Each of the four corridors have been examined for possible location of

transit within Freeways. Specifically, we found that B.1ong the Long Beach

corridor ~ the :future Industrial Freeway follows .closelytransit trip desires

and fully integrated designs can still be a.ccomplished. Also, the use of

a,dJacent, relatively clea,r:-la,nd along the existing L:mg Bee.ch Freeway,

south -of the City of I\YD:wOod~ is consideredf'easible.- In all other corridors,

the useef Freeways beCODJeS a more difficult solution, either they a,real­

ready constructed, or the planned routes are not located in .the best transilt

.servleealignment. For instance, the Santa Monica and :future Beverly Hills

Freeways parallel the Wilshire Corridor, but because a line generally follow­

iIrgWilshire Blvd. is considered the best transit BervicerQute~ these have

not rece1ved strong consideration. The Hollywood and Ventura Freeways

-16-
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were investigated as potential transit routes through. the Reseda Corridor.

In most part, these two freeways are either 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 B.ernardino Corridor, the San Bernardino FreeYfay 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. Similar 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 cOrxidor.

4. TypeQf land uses fronting the street •

. Several possible arterials within each corridor have been examined and

their merits compared. Among those recommended for fu:rther study: from

a transit service stand...point are Wilshire and Olympic Boulevards in

the Wilshire Corridor; La Brea Avenue, Vine Street, Vineland Avenue,

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

ap.d Vernon Avenue, in the Long Beach Corridor; and Valley Boulevard, Garvey

Bpulevard, segments of Brooklyn Avenue and Monterey Pass Road in the San

Bernard.ino Corridor. Because of the many variances in widths, lengths and

land uses along ea,ch of these streets, detailed comparativeanalysis must

still be carried further to deta.i1 their relative merits and potential as

r~idtransit routes. The various aspects of way structures and aesthetic

e:ffectsare discussed in other sections of this report.

Private Right-of-Wa,y

Some factors involved in the selection and study of private rights-of-way

for Rapid Transit alignment include transit service, property values, and

land use. Generally, three types of rights-of-way ha,ve been examined:

1. Row within commercial and residentiale.reas.

2. Strips adj acent to existing freeways , railroads, or arterial streets.

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

'Within the Wilshire Corridor, we have concentrated our studies. in the area

vithin two blocks of 'Wilshire Boulevard. Since ~o suitable freeway or

railroad right-of'-~ is to be found along most of the Wilshire Corridor,

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

,There are many land strips along sections of the freeways, railroads and

arterial streets which are potentially available for a Rapid Transit

alignment. 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,

ll:mds next to the Ban Diego Freeway north of Ventura Boulevard, l:md portions

adjacent to the San Berna,rdino Freeway in Baldwin Park and West Covina.

With respect to property adjacent to railroads we have exa.m1ned potential

strips along the PaGific Electric line to Long Beach, the Bo'l1thern Pa,cific

Railroad lines in the San Fernando Valley and along Valley Boulevard in

the Sa.n Bernardino Corridor. Studies involving strips adjacent to a,rterial

streets are prelinP-nary and requireadditional investigation.

R~ilroad Ri~hts-of-Way

Potential use of railroad property can be classified into two types:

1. Existing ,operating lines.

2. • Abandoned .raillines.

Field investigations have been ,made along such operating lines as the

Pacific Electric along the San Bernardino Freeway, the Southern Pacific

line parallel to Valley Boulevard, the Pacific Electric property in the

Long Beach Corridor and the Southern Pacii"icand Pacific Electric lines

inthe SanFer~doValley . Preliminary investigation has been madeai"

abaudoned re.1l lines including those of the Pacific Electric in the west

Los Angeles area aJ.ong Venice Boulevard, and San Vicente Boulevard.

While our work on rail line rights-of-way is not complete, indications

are that the Pacific Electric lines along the San Bernardino and Long

Beach CorridOrs offer reasonable possibilities for rapid transit ali~­

ments. They are 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 o~ 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.

F. Recommendations for F\u'ther 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 f'orth the

most desirable plan.

4. Make detailed studies of' corridor "alignment alternates and select

most suitable alignments and station locations.

5. Make further evaluation of f'lexible and fUll coverage concepts of'

transit.
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.sECTIOIl III

TRJ\NSIT SYSTEMS

A. .IlITROlJUCTIOIl

The determination ,of' the best type of mass rapid trans! t system

for the Los Angeles Metropolitan 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 shoul.d be applied. Two fundamental aspects

that must be considered in the choice of any transit system for

application to a specific area are: (1) the basic merits of

the sys'tem itself, and (2) the physical factors inherent in

the route to which the transit system must be applied. Fortu-

nately, for "Los Angeles, a complete freedom of choice is possible

concerning the former, and diverse alternat'lves are available

from which ,to reconn:nend suitable solutions to the latter.

The Los Ao~les Metropo~itan Transit Authbrity haa 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 a

closer examination. This has been done, and the results will be reported

in .this section of the report.

The-review and evaluation of these transit 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, Mr. Harold otis, and Colonel Sidney

Bingham. We have received transit system presentations by anyone who wanted

to make 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 a 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

tiotlof 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, finall~ our recommendations
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for the limited number o~ 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

in~luence the choice of a rapid transit system.

B. TRANSIT SYSTEM CONCEPrS

Be~ore 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 lt 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 being used in the Los Angeles

area, although by this application it is not strictly mass rapid

transit. In order to be so, it must have its own grade sepa.ration

right-of-way,' but the advantage of the flexible bus system is tha.t the

vehicles serving the feeder and distribution systems are also used for

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

for transfers •

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 is necessary.

Each of these concepts requires a 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'% covera.ge and to
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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 this. 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 i,n the other two concepts.

TRANSIT SYSTEM CRITERIA AND EVALUATION FACTORS

There are certain 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 env~ronment
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3. Pleasing aesthetics, both for user and non-·user

4. 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:

l. Car Equipment

a. Propulsion

b. Transmission

c. Suspension

d. Car Weight

e. Acceleration

f. Speed

g. Braking

h. Passenger capacity of car

-27-



..
•

•

I
•
•
I

i. Maintenance and operating costper-passenger mile

j. 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 quest.ionnaire dealing wi.t.h

such subject.s as operating and performance, characteristics of the

vehicle, dimension and suspension, 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 the 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 evaluat.ion of

equipment. is when the equipment will be needed. The presumpt.ion is

made that. rapid transit will be needed. in the Los Angeles area by 1965

and that any equipment or system considered must be susceptible to

development and construction by that time.

Another fact.or 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 rapid 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 taken 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 requirement of a truly modern system which can be

operated and expanded over a long period of timeo

D. REVIEW OF TRANSIT SYSTEMS

10 General

In order to make the review of transit systems and equipment as com­

prehensive as possible, a 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 i.ndicated 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 ascertai.n 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 ideas 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 fu.rther work that

must be done, other transit system proponents will request hearingso

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



insure tha,t nothing is missed.

2. The following is a list of systems that ~re considered:

a. Conventional Rail System

L * Hastings Plane-O-Bail

2. * Norton Aerial Transit

3. General Motors Aero-Train

.4. A.C.F. T~go Train

-1
5. Paris Metro

6. wckheed

.7 . * E. J. SInith Midget Subway

b. Suspended .System - Asymmetric

L .Wilbo Industries - MAN

2.

3·

4.

*
*
1

Greene Monorail Inc.

Goodell MonoraiJ.

Tokyo Monorail

I

c .. Suspended System - Symmetric,

1. * Davino Monorail

2. * S.R.V. ,Monorail

3· Fussell Monorail

4. A. F. Vinje

5· T. R. Webb

d. SuspendedSzstem - .symmetric Split Rail

1. * S.A.F.A.G.E.

I
•
•
•-

2. Northrup
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e . Supported Systems - Overhead or Side Stabilized

1. Kea,rney Monorail

2. * Mono-Tri-Rai1

3. U. S. Monorail

4. Lafferty Monorail

f. SupportedSlstem - Overriding

l. * ALWEG

2. * Lockheed

3· * Hendrik de Kanter

4. Hawes Monorail

g. .conveyor Belt System

1. Turner Moving Walk

2 • Stephens -Adamson Carveyor

3 . Mathews Moving Walk

h . Misce1~a.neous Sxstems

l. * Overhead Duct - L. E. Setzer

2. Ground Effect Vehicle - Ideonics Inc.

3· Helicopters - Los Angeles Airways

1. TrC!JlSit System Ideas

l. 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. Opal.ek 9· W. A. Shannon

5· R. SW&ll
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j. Bus System

1- General Motors

2. Flexble Coach Company

3· St, Louis Car Company

4. Pullman Standard Company-

•
•
•

I
I
I

*
1

E.

Formal $ystem Presentations

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 rapid 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 m:>re 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. These latter two
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factors form the basis for a detailed study to come later.

2. Conventional Rail Facilities

The conventional rail system 1s 50 named because it is the system

which uses two steel rails normally spaced 4 I Bi" 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

antiquated 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,and~ 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 oodern

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 ra+l systems. Some of'bh:e,problems 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 facilities now existing

in the world are of the conventional two rail type 0 Many of these

facilities 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 rai.l conventional transit facilities of either the subway

or elevated type or have commuter railroads in operationo 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 d.evelopment toward the

securing of modern, lightweight, high speed conventional transit

equipment, the solution of the problems of noise 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 requirements of a truly

modern rapid transit system.

It appears also that perhaps in 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

operation, but since the equipment must be inter-mixed with the exist­

ing equipment, it must be designed. to take connecting loads of the

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

New Railroad Equipment

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-I)

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 or~er to achieve the lowering of the center of gravity)

th~re is only one truck or bbgie und.er 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 l~ghtweight 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.addition) a new type of air ride suspension

was ,applied to the rail equipment in order to improve the suspension

characteristics. The combination of the heapy 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 r~~lroads 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 MJTORS "AEROTRAIN"

BUDD CO, RAPID TMNSrr CARS OF RECENT DESIGN

Figure III-l
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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-O-Rail" which would use a modern

design of two rail equipment on a specially cushioned track, and the

"Norton Aerial Transit System".
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Experimental Pneumatic Tired Car Used on One Line of the Paris Metro
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!lORTON AERIAL TRANSIT
Elevated Trainway Using Pneumatic Tired Vehicles

.1

Figure III-2
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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 Line No. 11 of the Paris Metro.

This equipment uses horizontal pneumatic tires for guidance rather

than the steel flanges, although flanges are provided to take care of fl~t

tires when they occur and are used for switching. There have been

other test installations in Europe, using pneumatic tired equipment

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

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 Trl¥lsit Authority ~as recently put into

operation four high speed lightweight experimental rapid transit cars

with specially designed motori controls, trucks, gear drives, axles,

braking ,and. bearing installations, and auxiliary brakin~, These cars

weigh in the neighborhood .01' 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

cateda 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 andco~ldresult 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..

eluded 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: .safetyandnoiqe. 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 effective primarily for equipment

used at low speeds, and many of the innovations would. not be effective

on high speed 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 Ifstedas

follows:

a. Proven equipment, since the majority of the transit system

throughout the world use conventional rail.

b. Equipment developed and readily available at mi.nimum of

cost .

c. Ease of switching

d. Adaptable to existing railroads 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

c. No truly lightweight equipment is available., which would

necessitate new designs in development. Thi.s could cost
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TABLE I EXISTING MONORAIL SYSTEMS

~

- _.- --_ ....__ ._. -- ---- .- _.,-- - .. ~- - -~_. -- ----- -------
,

MAXIMUM
TYPE OF YEAR

TYPE LENGTH SPEED SERVICE CONSTRUC- LOCATION PROPULSION WHEELS GUIDE WHEELS
! TED

!
L Suspended 8,2 Miles 30 MPH Revenue 1903 Germany, Electric Single -No-

Asymmetrical : Passenger Wuppertal D.C. Tandem, Traction Wheel

I Variable Double is Self-Guiding

I
Speed Flange

Wheels

2, Suspended 1600 Feet
,

25 MPH Fair 1956 Dallas, Gasoline I Rubber -Yes-

I IAsymmetrical Attrac- Texas Engine Tired I Rubber Tires;

i tion and Wheels
! Test I

! I
!!

3, Suspended
j

1000 Feet ! 25 MPH Public 1957 Tokyo, Electric Single -Yes-,

~
I!Asymmetrical i Park Japan D.C. Tandem Rubber Tires

! Vena Variable Rubber l~ Rows
Park Speed Tire

!

Wheels 1
!

i

4. Supported 1 Mile 60 MPH Test I 1959 Cologne, Electric
I

Double : -Yes-I
Saddlebag Track Germany D.C. Tandem, ; Rubber Tires;

Variable Rubber
t

2 RowsI

I I
Speed 'l'ire

Wheels
I,

5. Supported 1 Mile 21 MPH Amusement I 1959 Anaheim, Electric Double -Yes-
Saddlebag Park

I
Calif. D,C. Tandem, Rubber Tires

Variable Rubber 2 Rows
Speed I Tire

,

I Wheels J

6. Supported 1000 Feet 25 MPH Test i 1957 Houston, Gasoline Rubber
!

-Yes-
Saddlebag Track Texas Engine Tire i Rubber Tires

Wheels
I,,

7. Suspended 1.2 Miles i 66 MPH Test Electric Rubber

I
-Yes-

Split Rail ! Track 1959 France D.C. ! Tire Rubber Tires
I,

Variable Wheels 1 Row

I I
Speed
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practically as much as .E:quipment for an entirely new

systemo

d. Has.a connotation in the ~ublic 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 theequi.pment.

b. Brief History of Monorail

The p.istory of the development and promotion of monorail systems

would fill several volumes 0 . Some of the highlights will be given

here and the interested reader is referred. to other publicationsl

for a.more comprehensive review .

One of the ea.rliest monorail systems was the over..,running system

of a. French engineer named Lartigue, whi.ch-was built for an exhi­

bition in 1833. This .system wa.s later applied to a ~,mileline

constructed in Ireland in 1883. The vehicles were supported bya

27 pound steel rail mounted on a trestle on either si.de of which

were mounted stabili.zingguide rails. The system wascapa.ble 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 supportedmonorai.l 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

est.ate 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 monorail was actually

built near New York in 1909. Known as the City Island .Monorail,

it was operated for but a few mont,hs where the structure collapsed.

while the car was negotiating a curve.

The classic example of the operating monorail system, is, of

course, the Wuppertal Schwebebahn '. swinging railroad), This

facility was d,esigned by the German engi.neer Eugene Langen to fit

the sinuous alignment of the Wupper River. The ri.ver occupied. the

only free space avai.lable, and the only way to use that space was

to erect some type of elevated railway. Because of the many sharp

curves of' the riveT', standard elevated. trains were i.:mpracticaL

After experi.mental work on other systems. Langen decided. on an

asymmetrical suspended. monoraiL The initial 2.8mi.le section

began operating in March of' 1901 and the remai.nder o~ the 8.3

mile line was completed and. in operation in June of 1903. It has

been i.n continuous service ever since carrying over 700 mi..llion

passengers without a derailment and with only one fata.l 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 fa:r its entire length with turnarounds at each

end, There is a switch at one of the term:Lnals to shunt tra:Lns

into shops for maintenance and parking, The switch operates

smoothly} but is cumbersome, It has apparently fulfilled all

expectations of the origi.nal designers and. has enjoyed. a conti~,

nuoLl.s i.ncrease in traffic,

c. Monorail Systems Pr:esently Operating or Under Test

There are three types of monorail systems for which there are

presently operating facilities that can be inspected and evaluated,

Included in the proponents of a general type may be ind.ividuals

or firms not actually having an operating or test installation}

but as long as there is at least one such installationJ then the

general type is included together with all of' the proponent.s .

Recommendations} when they are mad.e~ wi.ll usually be on the bas:i.s

of the general type of system rather than a specific proponent,

This i.s done for several reasons, First, such a procedure assumes

that no one proponent has the ultimate system and. that the system

finally chosen will be subj eetedto furt.her creative eng1.neeri.ng

in order t.o insure that all of the la:t;est d.evelopment. are i.ncor­

porated in the system, However" if a general type of system is

recommended, this does not necessarily :Lnclud.e all of the propo­

nents of t;hat general type, Each proponent is system. must be
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examined in order to ascertain,i.f there are features of his system

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

wi.ll be illustrated further in the discussions below,

L Suspended Mono~ail <~ ASY1f!ID;etric (See Figure III-3)

For this type of monorail system, there were three proponents:

Goodell Monorail, Inc,

Greene Monorail, Inc.

Wilbo IndustTies, MAN

Inaddit:l..on to the systems of these proponents, studJes were

made of the existing system.at Wuppertal, Germany and the

Tokyo Zoo Monorail,

These proponents and existi.ng systems can be divided. into

two basic equipment categories.

Equipment Free to Sway - Wuppertal

• 'Wilbo Industries, MAN

- Greene MODorail, Inc,
•

I Equipment Sway Restricted - Goodell Monorail, Inco

- Tokyo Monorail

I
I
I

Of the equipment free to sway, the Wuppertal line as has

mentioned before is one of the few true monorai.ls, It has

admi.rably served the peculi.ar need. for which it was designed.o

However, before consideri.ng its applicati.on elsewhere, it is

necessary to give a closer examinati.on in order to ascertain

its advantages and disadvantages. While it was designed.in
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CLASSICAL IDNORAIL - SUSPENDED ASYMMEl'RICAL
View of M::>norail Operating in Wuppertal, Germany Since 1903

CLASSICAL IDNORAIL - SUSPENDED ASYMMErRICAL
}.k)norail Installation at Dallas Fair Grounds

·Figure 1II-3
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order to allow hi.gher speeds on curves by taki.ng advantage

of the pendulous property it is actually not a really high

speed operation that would be comparable to the needs of

LOB Angeles. The max:imlJm speed i.8 only 25 m.i.les per hour

and even at that speed. caution must be exercised in braking

a.nd the equipment used is entirely inadequate by modern

standards.

The proposal of the Wilbo Industries" MAN group represents

the manufacturers of the ori.ginal equipment atWuppertal

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) swi.tching j and (3) one·,way operation .

The pendulous property of the suspend.ed. monorail i.s not

entlrely an advantage. '['here is a li.mlt to the amount of

sway that the car occupants regard. as comfortable, and. a

defi.n:it;e l:\.mit of the amount of sway t;hat can be tolerated

at stat.ions. In addition, the swayi.ngproperty requires in­

creased clearances in tunnels and. other tight places. The

Wuppertal and. newer d.esigns have had. to incorporate a stop

to prevent sway more than a certai.n amount (usu.ally 150 ).

TheWuppertal cars must slow down while approaching stations
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and. control is achieved at stations by engaging a plow in the

bottom of the cars into a groove in the platform belowo This

prevents the car from swinging during loading and unloading"

There is presently no adequate switch developed. for this

design. The switches atWuppertal 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 j have resulted in massive

turntable designs that leave much to be desired"

The third disadvantage of the asymmetric monorail is the neces­

sityfor one way operation" This eliminates the use of cross­

overs and requires turnarounds at the end of each line" It

reduces substantially the possibl,lities of' flexibility of

operation"

Sway control systems were developed in ord.er to control some

of the und.esirable features of the ori.ginal 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 tak.en up in the next para­

graphs,

The principal example of this modification of the original

monorail is the Houston-Dallas Monorail as d.eveloped. by

Goodell Monorail, A 1000 1 test installation of this system
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is in daily operation at the Dallas Fairgrounds, A similar

type of installation is in operation in the Zoo in Tokyo.

(See Figure 111-4) 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 atWuppertal. Two weight 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 guide 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 introduced. 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 said that of the t1').ree principal disadvantages

of the asymmetrical monorail, the pneumatic ~ired variation

have apparently made or contributed somewhat 1;.oward the

control of sway, but the other disadvantages of switching
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TOKYO M:JNORAIL
View of Car Showing Hangers and Trucks

TOKYO M:JNORAIL
Structure Under Construction
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."and one-way operation have not been effecte~ .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 originalWuppertal line. The pneumatic

tired installation at Houston has had problems with adhesion

to the rail in wet weather.

In view of the disadvantages and problems inherent i.n the

asymmetri.cal design and the lack of a )l1odern high speed test

installation, it is recommended .that no further consideration

be given to this type of system.

2. Suspended Monorail - Symmetric Split Rail

This type of suspended system had one active proponent, a

French group known as the Societe Lyonnaise des Eaux et

de L'Eclairage. In addition the staff st\ldiecl 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-50 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 systems operating or under test byvirtue of the L 2

mile test installation of the French group.now being com-

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

-53-
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Hill designs have been fully developed or test facilities

constructed.

The French group which includes some of the gi.ants 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

structionof 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 ~ired

bogies similar to those used in the experimental line of

the Paris Metro 0 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 gi.rder. Some super

elevation is introduced at curves and this together with an

interesting hydraulic servo 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 classicWupper­

tal switch. The use of pneumatic 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 techni.cal

portion o£ 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. For 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 capability

of two-way operation, improved noise control, and more

fully developed switching;_ There are some problems however .

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 requirement for

the system and the problems involved in such use would have

to be studied further. However, the basic split rail

principle appears to be a substantial improvement over the
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SUSPENDED I«lNORAIL - spur RAIL
View of Car and Bogie Proposed by SAFAGE

SUSPENDED I«lNORAIL - SPLrr RAIL
Design of a Split-Rail System by Northrup

Figure III-5
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asymmetrical design and as such it is felt that it should

be included in any group of systems meriting more detailed

study. Certainly the new French test track should be

carefully investigated as it will not only give informa­

tion on the split rail principle but on the effi.cacy 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 111-6. 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 a comparatively recent development of a

supported system using the overrid.ing or saddlebag principle.

The system is sponsored by Dr. AxelWenner-Gren. Most of the

engineering and. testing of the equipment has been done in

Gennany. It also is not a tnu:: monorail, since it must use

gu.ide or stabi.lizing wheels. The system has been under

operational test since 1952 when a 2/5 scale model was in...

stalled ona 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 haveachi~ved speeds

of up to 80 miles per hour with quiet, smooth operation. The

full-scale test track is not a loop and speeds are limited to

about 60 miles per hour. In addition to these test installa­

tions, a 360Q-foot Alwegfacility has been installed at

Disneyland. to serve asa ride. This does not have full-scale

equipment and. has sharp curves of less than200~foot radius

which limit 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 oeen worked

out that would .operate approximately 10 seconds.

Several designs for supported.overrid.ing systems have been

developed by the Lockheed Aircraft Company. (SeeFigur~

111-7) One originally proposed for Seattle would have

been similar to the Alweg system. A.modifiedsystem 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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SUPPORrED MONORAIL - OVERRIDING
Alweg Full-Scale Test Installation Near Cologne, Germany

SUPPORrED MONORAIL - OVERRIDING
Disneyland Alweg Installation

Figure 111-6
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steel wheels and rails rather than pneumatic tires, An in~

terestingfeature of the Lockheed proposal is their proposed

use of extremely lightweight equipment 0 Such use would re­

sult in reduction of cost of supporting structure 0 The

Lockheed system was selected for application to the Seattle

Century 21 Fair but so far a contract has not .actually been

executedo No test installation exists although Lockheed has

evidently done considerable development work on the systemo

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" beamo This introduces some compli­

cations into the design of the bogie 0

The advantages of the overriding sy'stem appear to be:

~ Sway control

Supporting structure less in cost than suspended structure

andrequi.res smaller beam

- Quiet operation

- Switching developed

- Capable of two-way operation

~. Existing test i.nst.allations and. history of operational

testing

The disadvantages of the overrid,ing system appear to be:

- An irregularity of the beam affects the smoothness of
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SUPPQRrEIl KlNORAIL - OVERRIDING
System Proposed for Los Angeles by Lockheed

Figure 111-7
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SUSPENDED KlNORAIL SWITCH
Split Rail Switch Design Developed by SAFAGE

SUPPQRrED KlNORAIL SWITCH
Flexible MOnorail Switch Developed by ALWEG

Figure III-8
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SUSPENDED KlNORAIL (Right)
SAFAGE Truck

COIIVmrIONAL RAIL (Left)
Rapid Transit Car Truck
St. Louis Car Company

SUPPORrED KlIIORAIL (Left)
Alweg Truck

Figure III-9
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operation requiring expensive erection and casting

techniques

- Designs incorporating smooth floor cars have not been

tested

•

II

- Diffi.cult to make provisions for escape from cars in an

emergency

- Switching slow and expensive

- Beam surfaces carry stabilizing wheels and therefore

must be curved and warped. around curves and will re-

quire gui.d.ing of joints to achieve a smooth ride

The basic principle of the overriding system also appear to

be an improvement over the asymmetrical design. Systems of

this type have been more thoroughly tested than other modern

monorail systems and give ind.ications that they might require

a less expensive structure than suspended. systems • For

these reasons) it is felt that the overri.d.ing system should

be i.ncluded in those systems to be gi.ven comparative analy-

I sis.

d. Other Monorail Systems

In the category af other monorail systems which do not have..
operati.ng or test installations which can be studied are the

suspended systems - symmetric and the supported systems - over-

head or side stabilized.

I
I
• ,.,611--
•
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These wtll be taken u.p 1.n the t'011m-ringparagraphs,

1, Suspend.ed Systems ~ Symmetr!s,

~ This system type had two active proponents tn the Davino

Monorail and the S,R,Vo Monorai,L In addition, the staff

•
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•
•

I
I
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reviewed the systems 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

po1.nt of test installa.tions" An analysis of the basic

principle involved in each Shows nothing outstanding that

would 'warrant further eonsid.eration by the Authority for

application to Los Angeles"

2, Supported Systems ,- Overhead or Side Stabilized

A system in this catego:ry 'was proposed by the Mono ~'I'ri·-Rail

Corporation of Pasadena, which was, in effect, a supported

na.rrow gauge ra.ilroad. with side stabilizat:lon, Inadd.ition

to t,his system, the staff review'ed.. the Kearney Monorail

system and. the II, S, Monorai.l System, both of the s<,xpported

type wHh overhead. stab Llizatlono These systems are reviEMed

i.n the 'Technical Data section of' the report.. The comments

made for the previous system category are appli.cable and

these systems do not appear to merit further study.
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4, Transit Systems - Miscellaneous

a, General

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

unconventi.onal systems in an unconventional field. and. include

proposals for capti.ve aircraft, helicopters, ground effect

vehicles, moving belts., etc. However, i.n order to insure that no

possibility w'as overlooked, each of these wa.s carefully evaulated

also to see if there was any possible potentiality for application

in the mass rapid transit field"

b. Conveyor Belt S¥stem~

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 sid,ewalks. Among proponents were the

"Turner Movi.ng Walk") rtMa,t,hewB Moving Walk") and. "Stephens-

Adamson Carveyor and Speedwalk", These could not be studied

seriously because they are not mass raHid transit systems 0 They

are too slow' for application to the reqUirements of rapid trunk-

line syst;ems. However J the Stephens -Adamson Carveyor and Speed-

walk Systems have interesting possibilities for use as secondary
,

distributi.on sy'Stems. Both the carveyor and. theSpeedwalk have

been engineered. and d.eveloped and a test installation has been

constructed. at Aurora7 Illinois, A full~·scale installation of

the carveyor w·a.s designed. by the New York Transit AuthorUy for

-,66,.
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use as a Time Square Shuttle but forxea.sons that are not readily

apparent, it was not built .

The Speedwalk is used a,t Disneyland for the approach to the

monorail station and appears to be working quite satisfactorily.

If it is found that some sort of secondary distribution transit

system wil.l be needed to supplement the primary service, then the

use of a carveyor type facHi ty and speedwalk should be given

further consideration.

c. Ground Effect Vehicles

This newest entry in the transportation. field presents the

challenging possIbility of h:l..gh speed operation Without wheels.

The principle In.volves the suspension a.nd propulsion of a

vehicle with low pressure low veloelty air" A local proponent

of this type of system is Ideonics, Ina., who have conceived of

a transit vehicle operating w.ith air suspension and with a novel

propulsion system. Unfortunately, the i.dea is still only in the

concept stage and much work would ha* to be done in order to

prove whether :it is practl.cal or not o A preliminary review indi-

cates that higher power output would probably be necessary

because of the support power requirement. ConvairJ Curtiss

Wright, and the Ford Motor ComJl8.uy have also been working on

ground effect vehicles but deYelopment is only in the initial

phases. However the system does present lnteresting possibilities,

Another system not yet developed is a:ir duct system as proposed
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DREAMLINER BUS.
View Showing Modern Bus Equipment Currently in Operation by MrA

Figure 111-10
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S.R.V. Duo-Rail System
(Right)

Air Support Vehicle
Ideonics, Inc.
(Right)

Stephens-Adamson Carveyor System
(Left)

Figure III-II



byLo Eo Setzer which involves the interesting concept of the

propulsion of car capsules within tubes by air propulsion,

There is no question but what heli.copters wi.ll playa major role

in the over,-all transportation picture of the future; already

they have taken over a good portion 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 Airways service and the Los

Angeles Airways presently run from the airport to points within

the ci.ty,

Already on the horizon are short inter-city runs and, indeed this

sort of servl,ce is already in opera.tion in Belgium and is pro­

posed for Los Angeles and other cUies in the United States,

The ultimate concept of use of helicopters is for commuter

service and. i,t is a.t this point that we feel that this poten­

tiality is far in the futlJ,re, For example, present;ly a 26

passenger helicopter costs in the neighborhood. of $500) 000) and

there appears to be jllst no way that th.is sort of' ane:x:pensi.ve

vehicle can be used for mass rapid transit, Fares would have

to be certainl;y exorbitant and. out of' the reach of' the average

commuter; so, this system will have to remai.n in the luxury

class for years to come j but thi.s i.s certainly not to say that

it d.oes not ha.ve :Lts part in the transportatIon picture,
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Of the other systems we have studied.} we see two that 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 make the fi.nal_ choice of the system best adapted to the

needs of the Los AngeTes Metropolita'J.. Area.

These t.bree systems B,re:

ALTERNATE A - Conventional Rail - Modern Design

ALTERNATE B - Suspended Monorail - Split Rail

ALTERNATE C .- Supported MonoraH - Overrlding

We also see some merit in further consideratiollof the ground effect

vehicles because of the lnteresti-ng potentialities which they present.

In ad,ditioIl, during this next phase, presentations of new transit system

ideas should cont.inue to be received ::Ln ordeI' t.o :lnSu.re that nothing is

overlooked.
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SECTION IV

TRANSIT FACILITIES

A. INTRODUCTION

This section of the report deals with facilities necessary to the operation

of' the rapid transit system. The scope of work includes a revi.ewof require­

ments for way structures,. stations and maintenance yards, and the effects

of alignment on these structures.

Way structures cOnsidered in this preliminary investigation have been. limited

to generalized forms fer suspended monorail p 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 and di.mensions. Rat-ional assumptions have been

made f~r equipment characteristics which permit the comparative study con­

tained herein. Detailed investigation will be made as information becomes

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

B. TYPES OF WAY SlRUCTIJRES

Way struct'l1res necessary to the operation of the rapid transit system fall

into three categories, elevated, surface and sub~surface.All .conditions

must provide complete grade separated operation. Expanding these three

categories p way strLl.ctures for eaeho,f the conditlons will develop the fol­

lowing confi~~rations:

l~ Elevated

(a)' Continuous bridging structure.

(b) Continu.ous filled ground with crossing bridge structures.
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2. Surface

(a) Continuous bridging structure for suspended monorail su-stem,

(b) Crossing bridge structures,
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3. Subsurface

(a) Continuous open cut with crossing bridge structures, Continuous

bridge structure required for suspended monorail system,

(b) Tunnel,

Elevated Systems
~~=o••,>,_"..."\,.,-,.•? ..,~"""",,

a. Continuous Bridging Structure
~~_~""-=~~~"""""" ",7;:~

Way structures which support any el.evated system of' rapid

transit must becOf pleasing appearance, Large, massive

structures with many laced members which obstruct light

and air are not acceptab:le solutions to the problem,

CODUnUJ:1ity acceptance of eLevated way structures in built-

up areas can onl.y be expected if su.ch structures do not

detract from the 8urround.ings 0 This requirement vi.rtually

e.liminates the use of large open trussed members and the

"For'"'8t of Columns II which has been found objectionable in

the past, even though it may be the most economical s01u-

tinnior support structuxes.,

All systems proposed for further stu.dy include reco:mmenda-

tions far the use of fiT If type support col:urnns and moderate

depth bea.n1S. Certain. members may be shaped to present a

minimum silhouette and, thereby, the least obstruction to

vision. System comparisons, for purposes of preliminary

investigation are, therefore) based on tbi.s type of'

support structure,
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A tYl)ical span of supportbearn:o or 100 feet has "been used for

structure eOlOparisons 0 'Illie, t:i~su"re If', probably the sb.ortest

practic'9.1 spanwhlch wil1permi't crossing :intersecting streets

wit1:wut creati.ng an, nndes1.rab.1e ()bstructioH to motor\rehicle

and pedestrian traffic:., Longer spans will 'be necessary in

many loc.at:1.ons such as tb e 1"08 Angeles RIver J the Rio Hondo J

and Drossing certain f:r.eew'!Cl:y· ~~eGt:l.ons 0 Frequency of long span

requtrements :i8 a tl.:m..c:tloD of T":ight,..,of~way eondltions and will

be a cons:1.deration in ehoos:tng a1 i.grtilK~nts 0

'b. Continuous Filled Ground with C:mss.1:ng .bridge Structures

Way st:rl..J.etures ne,::essary to this form ofd.g1:lt-of'-·way are pri.­

marIly <~ros8ing bridge structures s1.mJ.la,r to that of freeway

design. Convent.i.onal :rai.l-systems would be earth supported.

Supported mono:eailwould requIre a continuous 'beam-vay of

11 ghtex' eon, 8trL.:(~'tjon tban :ceqixlc':'d for the contlnuous elevated

b:cidge conflgLLt"at;LOD of lCO i span, i\dditlonal right-oi'-·vay

w:idtb, Is also requIred for thj8, system to permit the location

Of a.n access road for mainte:nacce purposes as the support. be81Jl-

way will :not· allow passage of ::::;,u.rTfj/:~e ma:i.n,tenanee v'e111.cles 0

Suspended monora:ll 1s not partlcuJ,arly appl:lca:ble fQr this

form 0;';, !!;:'..()f,-way~ dC:2: to the ::~()n't;:lnuous br1.d.g:l.ng strtlC­

ture reql1J..rement for sqplJorL

2. Surface Systems

At grade alIgnment of a transIt system h) li.m:l.ted to pr:l.vate rjght~of.-

•

•

I
•
•
•
•
•
•
I

way. CrossIng requl.rements of SlJ.',;,'hr:ight.-{)f'-"way requl:res u:nder or
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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 conditions; however, suspended monorail may have appli-

C stiOD here_

3- Sub-Surface Systems

(a) Open Cut

Open cut is another form adapted to private right-of-way only.

Crossing and way str".lctures, simUar to continuous elevated f'111

configurations, are required. Extensive storm drainage works may

be involved with this system in addition to relocation of buried

utilities.

(b) Tunne~

Tunnel or subway structu:-es are complex and may tak.e 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-vay is required. 'lUnnel structures are dealt

with in detail in a separate section of this repOrt.

C. SPECIFIC REQtJl:REMEN'l'SFOR WAY STRUCTURES

Rights-of-way have been divided tnto five specific torms for studying

effects of' alignment conditions on way structures. Right-ot-way types

are: .freeway, private, publ.1c street, railroad and tunnel.
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1. Freeway Hight~of-Way-Media,n

The majority of' Los Angeles freeways now in operation have been

constrv~ted witb. minimum width medi~~.

'rue addition of a supporting column for an elevated transit system

in su('h narrow medians may reduce the clearance to traffic lanes

to the danger pt):LI1'L :Fhe acco:mpanyi.ng Figures IV-I through IV-4

graphicall.y i.l1ustrate thls eond:itiOllo

A se(>aud COnsideration is that of crossing bridgeswhlch require

an increase in the vertical clearance of the trans:i.t system. The

no:rmal cleara.n,':".e of 15 feet above the traveled way must be raised

to 14 feet above the c:roqs:l.ng bridge. .An extreme example of this

c:ondltio:t:l oceu:rs at MuUrolland Hridge in Cahuenga Pass where

Tequ:J.. red he:Lgh.t above grr;.nxnd :1s iX".ii::reaS€{] to approxilllately 45

feet) due to the 'bridge level n An average conditioD. mIght be 35

teet.

Anoth,er ;;;ous.ide:rat.ion is t,hat of :tnterx1.itpti,on of traf:fic flow on

the :freeway d,xring <liwey st':c'u,ct;u.res and line main­

tenance afterc;omplet:Lcm. of the system. Foundations :r'or an ele­

vated. system are massive and. would ext-elld under adjacent traffic

lanes. :fhe U.:me required. for eons'trl.:1.i2:ti.on of an.y One foundati.on

is not g!'eat:; but multiplied 'by the number of supports required

for the system~ the time becomes qu.ite extended. Maintenance

acceSs j.n existing freeways would have to be gai.ned through traf­

fic lanes and In many caseG actually performed from this location
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causi.ng hazardous c:.'ondi.ti.ons to frem-ray traffic; 0 If it :1.s deter-

mined desirable to locate rapi.d transit witrdn the median of future

freeways, it i.s probable that a 10 foot access road should be in-

eluded as part of the transit system right·~of-way to remove this

problem of obstructiono

shown :Ln trlAs: ac(;ompany1.ng fi.gures.

A s::l..gnl1":I.cant factor in the consideratloll of elevated transi t a1.ign'~

mentadjacent to a freeway ,f.8 that of diversion of driver T s atten-

tiOrlo The high speed and re.latively frequent 9.1;01'8 of a transit

vehicle above t:rafflc on the freeway may dIvert t,he automobile

dTLver I is attent:lon..o and. t:b.er':~·by ge·(lerate:::ongest.to.n or a::c:idents.

Thle, pr¢iblem mlg:l:fL be overcome by t~:t\e additIon of a sC:rE;'en to

obscure the tx'ansl t -'lehi:"le tram adj acent traf'fic 0 However, a

devIce of th:Ls nature p:eeseni;:s a 'maJ:nten,an,(~e problem :1.:0 addltlon

2, ,E'reeway RLgh,t·~of-Wal.:Shoulde:£

Cond:i.tions :for e,ho'uJ.der a1jgn.:merrt aXe very sim:Uar to those for

media.uo Many a:reas of freeway ut,j..l1ze retat:ned side slopes with

ture :r.ceights eould be reduced sligtrtlJ :in some (~onditlons but

i.n gene:r:al, alignment along thIs 11ne for a:tly cti.stance may prove

dif:f1.c~·JJ.t, :tinot l:rrrpos s fble 'pber;~au.8e of side clearances.
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EXatl1ples of' restricted side clearances are Santa Ana-San Bernardino

Free"ray from Broadway to approximately state Street and the general

area of South San Gabrlel and Alhambra.

3, Private R::Lght~Of-Way

Pri,vate 'r..ight-of-way~ elevated OT depressed would be similar to

that found on t'be Harbor Freeway at Washington Blvd", and Figueroa

Streets respectlvely. Crossing structures of the same general type

as fOUXl.d along this freeway would be requi.red .

:From the standpolnt of ecoIlQIDics, these crossing structures must

be limtted to major loca:ti.ons Of crossing movement"

'l'b,e undes:i.rabl,e coudition of cutting a conmmnity into segments by

a c(.jntlnucn,ui1barri.er has already been fairly well established.

It 1.8a180 genera.lly agreed that locating a transit system in

open c:u,t 1s more acc.eptable than elevating on fill because of

redW:(ied rID:i..Se.o :.tmpai.:nnent of lig.ht and ventilation.

Found.atl.on ,:onditlons for mou<:>ra:U systems wo:uld also be improved

where filled g:COUlld. does not o(~cur. Open ('Out, however, would

require roo:!:"e extensive relae.a'troD. of tmdergro'!.md util:i.ties and

installation of storm drainage system.

Surface levq;;;l :prlyate rigb:t-,of-'Wuy would present condit:tons simi­

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

Alhamhra where both over and underpass bridges are used. ffuis
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conf'igurati.on of rtght-af-way involves the least width of real

estate except at crossing structure locations where additional

wid:th. 1s necessary for approach ramps" Minimum width of right­

df-way re~uired for surface alignment will probably be established

by communi.ty acceptancecriteria rather than physical dimensions

of the system.

4~ ,PUblIc: Street ~ R:Lght-Of-Wal

Structures necessary ,for support of rapid transit systems above

a pubIi:; street require separation from motor vehicle traffic.

SepaJ'ation is usually made by the construction of a median. The

median widt;h indicated in the accoDJpanylng sketches is estimated

to be a mInimum consistent with safety.

MlrLimu:m street widths required to accommodate this system with

parldng and traffic lanes each side is 50 feet. 70 fQot width

is requJced fo·r 2 lanes of traffic each way. The goV'€rning con­

dJ,tiQn Iv111» in all probabllity» be proximity of the transit

vehLcle to adjacent property. This distance is to be determined

by the Community Acceptance cr:Lteria.

The assumed 100 f'ootspan o·f support beams wi-II permit clear­

unobstx'ucted intersections but will not proVide for turn-out

1anes in the median of the type currently installed on IDany

arter.ial streets, due to the short setback Of columns at inter­

s€e:tl.ons.
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Curb ali.gnment of an elevated system presents a different problem,

:in that the transit system would probably be split to operate one

di.reetton on each side Of the street. Support structures WOuld

be dCl\ibled in number. Foundatio,ns for these struetures would

prohabl.y require more relocation of utilities than median sup-

ports. Some difficul'ty should be anticipated also from the close

proxi.mi.ty of property lInes wh.ich might require eccentric founda~

tlons.

'To a:reas which have narrow Sidewalks j the additio.n of 2 l to 3 I

diameter columns would. be objectionable to pedestrian cire.u1ation.

'This disadvantage may be parti.ally overcome by the extension of

tra:ns:tt supports to include street lighting, power and signal cir-

I cut-t,$ now supported bythefamlliar r'telephone pble It • Greatest

•,

•
•

I
I

I
I
I

I

influence on. selection of curb alignment will undoubtedly be the

clearance requirement to adjacent property line.

A great deal (j.f j~nterest has been shown regarding the use Of space

a.OO\re eXisting operating ral.l:r'Oads. Way stru.ctures for this type

of s.ystem lllUBt (~lear the topaf the railroad track by 22 16", in

aec:ordaneewi:t:h Public Utilities CommissIon regulation. Certain

sectto.rJS of traek i.n Southern Californ:la have a requirement of

23 f8 11 clearance 0 . Six inehes is generally added to these heights

to permit realignment of track ~ Where crossing bridge structures

exist .• transit way structures must be raised to .clear cross traffic.
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Where multiple tracks exist, side clearance requirements may

become crittcal with the introduction of bridge type piers to

support theoyerhead track.

Maintenance and construction access is a major deterrtdnant in

consideration of this system. In many cases, rights-of-way are

narrow Wh:Lch m;ruld 'be a majGr probl.en1 l1 particularly for construc­

tion.. It nr.xst be assumed .untilotherwise determined, that rail

lines must remai.n ope:ratiYe at all times. Construction costs"

there.fo:re.~ would be high, partlc'luarly :for fo1.U1d.ationso

'I'b.e effects of derailment on the railroad must also be determined

r'elatlye to trans1.t sysi;em safety. This condition 1s a function

of the type of service on the rail. line <>

6. TU11Ilel
,-~

Contcar.y to a popular i..'lDpress1.0n, it 1.s possi'bleto build tunnels

in Los Augeles" Many tun.nels exist and :new tuonel construction

is under 'way at tbls t::1Jne 0 An example of a transi.t tlmnel simi-

la.r the type antid.p.ated incu.rrent studies is the l1subway"

to the Sl.loway Te1'lllinal Bu:ilding in downtown Los Angeles •

Clearance requIrements wb.:ich l:1mitother foms of right-o:f-way

ha:V'e Ii.ttleor nO eff"ect in selecting turiIlel aligmnent. Primary

Concern i.8 801.1. cond:i.ttons and the:i.r relatlonsb.lp to tunnel exca­

ITation,underpinning of adjacent surface structures) a,nd support
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of surface traffic above the excavation. Relocation of under­

groundntilities may be of major significance particularly iI'

cut an.d cover procedures are used for construction.

A detailed report of tunne1i.ng conditions developed. by the firm

of Maso.n & Hanger·-Si1as Mason in a~sociation with Da.niel~ Mann~

Jobn8on~ &;Mendenhall i.s inc1uded i.n the appendix of this report.

c. GEOLOGY AND FOUNDATION CONDITIONS'V'_..~~:<> ......-:_ ~"'J;"'_

Preliminary investigation of geologic and foundation cond:i.tions indicate

different forms of foundations wi.ll be requi.red in the several geographi­

cal areas to be serviced by the rapid transit system. The geologic con­

ditions in the Los Angeles Basis, as i.ndi.cated by our Consul.tants,

:LeRoy Crandall and. Associates, cannot be classed. as ideal. Knowledge

gained from their i.nvestigatioll 1s necessary to the evaluation of tunnel­

ing condjtions ~ determination of foundation costs, and con.struction problems

of wa;y structures " Hot-rever ~ the influeneeef the type of right ·-of-way, and

hence the height of support structures w.i.ll have greater impact on the cost

of :foundations than the speci.fic condj.tions of subsurface soils 0

In the i.nterest of breVity, elaboration on this subject has been limi.ted.

The reader is referred to the report of LeRoyOrandall and Associates

which is appended to th:i.s report for detaU.ed 1n:formation.

Do EEEl IGN CRITERIA
'----~

Facilities for the rapi.d transit system include way structures for line

o:peratien~ passenger stations~ storage and maintenance yards for rolling

stock~ and power substation structures necessary for the ope:ration of

the system,
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standards for design Of such items as 'brldges for street traffic

are well deflned by government regulation. or recognized standards

of practi.ce. However" many way stru,ctu:res dO' not have clearly

defined standards from wh1ch design may progress. Rolling stock

size" \,ITeight 7 passenger capacLty7 maintenance consideration", total

lm:tts :Ln 'the s,ystemp off peak, storage track requirement j etc 0, are

all, contrl.hut:Ing factors to establishing the needed criteria 0

Tb,erefoee, aSSUlupt:1.ons have been made ,1 based on current practice,

to establish compar:i.son data sui'table for any of the conf:i.gura-

'tSons of rail rapid transit recommended for further investi,gation,

The assu-:mptions for operating rail equipment are as follows:

1. 0 Car length 60 i. feet ,'f widtb, 10 feet 0 He:i.ght 12 feet.

2~ Wetght of" loaded ear 60.,000 Ibs. (Note: Weight assU.IlJed is

based. on equipment now available. Reduction in weight in

ultimate design 18 anticIpated).

3· Maxtmrnn acc:elerati,on - 3.5 mi.les per hOVI per second.

4" Maximum deeeleration - 500 mlles per ho'V.r per second~

.5 0 MaxlmlltrJ traIn 6 ca,rs - st,atlcm platform '" l.ength 330 I to 380' 0

6. Total requl.red cars operating in the system - 360 ('based on

48 mI.• of track - 4 min o headway) 0

70 MaIntenance pereentage - 8%.

8. lretal cars requ:Lred :t"Qr system - 390.

90 Storage track requirement - 75% of total operating stock :::

270 cars.

106 Maintenance yard t,;;:rack requirement -10%.
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Based on the f'oregoing assumptions J way structures will be des'igned

for the fbllowing load cond:it:Lcms.

Case III Case "'1" t W...

CaSe TV Case I I Te

Case V Case I I A

I
I
I

I
I

Ca.se I

Case II Dis

D :: Dead Load

L ::: Live Load

T = Torsion from Live Load

I - Live Lead Impact

W .. Wlnd

S :: Seismic

ore ~, Temperature

A ::: Rail Longi.tudlnal

Accleration

I

I
I
I

Applicati.on of' aeceleration loads in Case V i'or governing condltion

w::Lll ocelU' when trains from oppos1te d:Lrections are required to

stop un.der emergency ccmdl.tions on tracks of CQIDmon supporto

AdditLonal load conditions such as stream flow p buoya.ncYpearth

pressu:ce and settlement w1.11 be considel'ed where structures may

be subjected ·to these loads 0

Allowable wo:tk:ing stresses assigned to mater:tals will be :i.ncreased

:in agreement wit'l') current practice for loads of this frequency andI
33-1/3% for Case II and Vp 25% for Case and 40% for Case IV p

I
I
I
I

durationc
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Values for the above loads have assigned as follows:
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Live Load

Torsion

Wind

Selsmtc

Aecelerati.on

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

(truck centers)

10% of live load. NOTE: This load :1s sUbject to

extreme vari.atlon dependant on the system used i.. e . ,

suspended monorai.l, supported monorail,\' etc., and

speed permitted in curves. 10% of live load has

been used for reasonable comparison,

25% of live 1.0ad . Flnel design of the system will

requiTe extensive inves"tiga:tion of this load and

its relati.on to dynamic response in the support

structure.

15 pounds per square foot of prOjeeted area.

0.133 of dead load,

100°.1".'. ,
, £' range 0

(A) - 23% of live load, NO'rE: 'This value is based

on max:i.mum deeeleration of 5 mDes per hour per

second.
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From the above loading condi.tions., supporting structures have been

esti,mated for each of the systems proposed. Dimensions of support

members shown on fi.gures IV-I thru Iv~4 are probable figures for

the conditions illustrated, and are sufficiently accurate for pre­

liminary plannlng, As epercific info,rmation becomes ava:Llable on

right-of-way alignment and operating equipment, the way structure

desIgn wi-II be refined to commensurate a.ccuracy,

PASSENGER STATIONS

Design of passenger stat:ions 1.8 primar:U,y a. problem in adaptabil:1.ty of space

to the movement of people wi,th m:i.n:'Lmum congestion and maximum speed. Pas­

senger denslties} as reported by Coverdale & Colpitts J have been used to

establ:i.sh train capacltYJ 'ffi1d headwa,y, From this data it appears that

station platform lengths will probably range from 330' to 380' in length.

Platform width Js determined by m:1.nimurn safe width and access stai.r require-

, ments.

Traffic density for station design is s'ubject to extreme varJatioTl depend-

ing on many variables J one of whi.(;h is present, installations YS 0 ultimately

planned system. Economjl,';s and spac;e Ltm:l.tat:Lons are also of' pr:ime importance 0

Until reasona'bly accurate al:Ignment Is ehosen and traffIc estimates made

for sucb, al:Lgnment J actual statl,o:n layouts eanuot be made and prel:i.minary

layouts hmrebeen developed for planning PUllloses, Figures IV··5 and IV-6

are examples of sta,tl.ons whIch may be applicable to the central 'business

distr:J:.ct for subway alIgnment. The estimated capa(~ity of these stations is

40,000 passengers per;" hour wIth on,ly moderate congestion. Assuming trains
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at 4 minute headwaysJ no congestion would occur at 20,000 passengers per

hour. These volumes are proportional to traffic wh1.ch may be anticipated

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

of right'~of'-W'ay and rapid transit systeroo

Baslcal1;fJwhe·ther a dat.i.onl.s elevated or dep::cessed from adjacent grade

level) the floor space :r:equ:Lceme:n.t for anypartic'l.t1.ar passenger load is

An el.evated station serVing a s'l,J.spended monora:Ll would requi.re increased

ground clearance J fo."!:' exa.mple" over public~ street due to the depth of

support framing for boarding platfoTJl1S 0 'This s1tuati.on does not exist for

In stat.lon structure 1.S notable for changes in typetb.e same,

Figure IV -7 is a concept layout f'or an outlying statton including secondary

transportation functions of feeder bus lines, par.king for park and ride,

and car pickup 0 Minimum desi.gn for safety and convenience es·tablishes

loading platform and access space rather thaJJ. traff:lc density thru the

station 0 For this reason" this s·tat:'ion layou:t is capable of handling

approxi.mately 5,9000 paBsengers per hour" a number well in excess of' the

actual traffic anticipated at an Qutlylng location.

All of the station layouts presented are preliminary concepts of space and

access, Changes may be anticipated as the actual factors of avai.lability

of space for c;onstr1J<;tJon J :publi (~acceptance cr1terJ.a; fare collection

method» etc,) becOlne kUOWYlo Passenger cOrJ.verd,ence and economics of con­

structi.on must :3.180 be balanced for each station. lOcatIon,
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supported systems, because clearance height is esta.blished by r ail support

beams whic.h are of greater depth than required for pl.atform framing"

Stations, access ramps, stairs, etc" must adhere to the same clearance

requ..irements as imposed on \my structures. If med.ian alignment along a

freeway or publIc street is used~ a brIdging ramp must be installed to

adjacent sIdewalks or pa.:t'k:ing areas.

:Length of SllCh bI':Ldges may be as mu.ch as 100 feet. Vertical rise of stairs

or escalators would be in the range of' 16 r to 44 r • The extreme of 44' is

eucou:ntered when a statton wi:!:;b. center platf'oY1l1 Is used and access is made

by bridging over t:rans:l equJ.pment as well as adjacent traveled i'laY.

Station layouts studied include both "common" and "thrOl1gh loadi.ng:t systems 0

Common loading conf:l.nes on a:nd off tra.:Ln traf'ri(~ to one plat.forw. "'l'hrough

loading"loads from one platform and dl.schaeges too another platform on the

opposi.te side of the train, Through load:lng :i.s capable of handl:lng higher

traffic volumeswithou.t congestion thaxl common load.ing; however., th:is system

does not appeax to .be e(~OGomical for dens:Ltles estimated in this system"

For max.Lmum economy of ep:'),c~e and operation~ it 1.8 p.robable that all stations

should use a cent:ral platform handl:ingtrafflc :l.nboth. d:Lrec.t:1.ons.

MArmENANCE AND STORAGE REQUTREMEN'I'eo

IniM.al ideas of the loc:ation and exten.t of storage track and maintenance

fac:ilit:i.es are outli.ned here as a guLde to further study. Actual require­

ments will be determined fJ'om ped'or1naIWe data of equ.ipment and traffic

demand.
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Consideration is being given to locating a central ma:i.ntenance center on

the MTS property north of' Macy street. Sufficient space 1.8 probably avail­

able for this fUnction and its location appears well situated for servicing

all corridors of t affic. Some difficulty may be anticipated in gaining

access to this property, but the advantages of this location warrant exten­

sive study.

Storage yard capac!ty fo:r off peak hours and night ow level operation is

based on 75% of equipment as non~,operative. Track length equired is

apprOXimately 3-1/2 miles and show.d be dist,ributed throughout the system

on the basis of' demand.

It appears advantageous to con ider locating s orage track adjacent to

presently operating yard' of he MTA a the end 0' t e transit corridors,

in order to mi.tmize operating expense. Such a condit~on might exist in

the vicinity of' fIol Ave' ue in El Mon' e wbere it may be possible to recl.aim

ground adjacent to the Rio Hond •

Anot er form of storage tl'aek, usu.ally referre to as a "lay-up track",

w 11 al 0 be includ.ed. ~I'he fune:t::on of t ,is tack is to remove a disabled

vehicle or train from the mai.:c, 11r..oe. Track. of this type i.8 usually loca­

ted ad.jacent to stat:..on at 2-1/2 :mile intervals and will also permit "turn

a ound IT of sc.heduled trat s if desired.
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.Ma.terials and methods of constnlC;t:ion for way stru(;tureswhich meet the

TequLrements of ec;onomyz, aeEt:hetlc8" speed of 1::;Ot:lE'·trr~ct:toD. and structure

installation of fCUXldsrt:lons· 0

In add:lt:ion to 'r.De probJ em of ecec"t,ing th,e strl.lGtu.res :l n the selected

structiotlo Also" exte:ns:lve 'use of d:rl11ing methods wOlJld permit rapid

strength are steel and::orlc.:Y'et',e wlU) a max:lmum utILl.zation of' prefabrica-

nr'C>·..·"'+·J've at the ea,:d:Lest :posefble date 0 It ,1.S also

important Urat no:cmal sur:face traf:fic be d'LsJ:?ITpted for the shortes't pos­

sible time,

to havet,:be system

Speed of eon.struc:t:l.on :Ls of paramount importance 'tJl'2cause of publ:ic interest

tiOD techniquec Maxtmum use of standardized span lengths and column heights

for re ··'use of steel j 19s and c:ono::re'te forms promote eeonomy and rapid con-
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I
I
I
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:for an elevated system would

i'J,ndwe:l.g;t,.t J for sh:1.pment from

movemeu.t, of materials to the point

'rn8:teclaJs A simll.ar condit,::l..on is

l'tglrts,~of,~"ray~ the ('cnditjons

of use IDV}3t be evalu.a:tedo SupportIng

requ.:Lre doe to

Before f:i:aal sele:ticn of materIals for stn;I/:ture,s is made., it will be

necessary to deteI'1ll1n,e the effect.,s of maX.nten,ance costs for each materlal

.found io tbe roo iercent or large volumes of e'X:~:aYH..tion :in open eut or fl.l1

type or'

proposed and e\raltmte total

'be r:e ·ess8.x'yromove
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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.

F. SUMMARY

Ultimately, the form of right-of-way for the rapid tr~sit system must be

chosen on the basis of maximum service to the user, acceptability to the
"

adjacen.t property and economics of facilities .on whfch the flystem will

operate.

Many forms of rights-of .."I>ray 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 ideali.zed conditions and do not refl.ect the necessity.of addition­

a.1 heights to clear st-ructures crossing the right-of-way. Figures IV-I

through 1v-4 indi.ca.e some of these conditions of clearance. Briefly, it

i.s not possible to accurately estimate the cost of facilities for the rapid

transit system 'W··"+..hout having a reasonably accurate alignment of right-a£'­

way established. Pre. j.minary cost estimates may be misleading due to the

multitude .01' assumptions on items su.ch as the height previously mentioned,

u.ti.lity r location, propo ion ·01' curved and tangent track, station fre­

quency, teo Cost estimate which have not been based onspeci£'ic consider­

ation of alignment mu.st be used with extreme care or entirely erronoous

conclusions may resul 0

-92-

.. ~

















APPENDIX



]

,

-

I

•

For Appe:~lx Material:

See Volume II - Technical Data
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