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It is unusual for one to open a discuss i on of a subject on whtch 

he is supposed to be well informed wtth the apologetic state me nt I am about 

to make . Frankly , I belie ve I w as a little hasty in agreeing to discuss 

Monorail Systems for Mass Rapid Transi t , but that i s exactly what I am 

undertaking to do . Thoughtful reflection has led me to conclude that you 

folk , all with inquiring minds , mtght approach the topic with the quest i on , 

"What is this Monorail business all about?" I am going to answer that ques 

tion and then describe the various systems a vailable today for the rap id 

transportat ion of large num bers of p eop le . 

Class ical Monorails 

Mr . Webster , in his dictionary , doesn't leav-e much to the 

imagination in the descr i p tion of Monorail. He say s , and I quo t e from the 

New International version , "Monorail - a stngle r a i l servi.ng as a tr ack for 

a wheeled carr iage, truck. etc , Spedf. Rai lroads, a stngle rail mounted 

on trestles constituting the t rac k for c ars tha t usually stt straddle -wise 

o ver it or being suspended from tt . " 

Under this definition there could be only three general types 

of Monora il , only one of which appears to be p racticaL 

One type is the "saddle-bag monorail" wtth cars balanced o n 

either stde of the single rail. Any apprectable unbalance could o ver turn 

the whole work~ In spite of this handtcap a system of this typ e called 
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the Lartigue monorail, was operated for many years tn a French post in 

eastern Africa. 

The second, which I shall connotate as the "guided monorail", 

has the car running upon a single rail but held upright by a gyroscopi c de

vice. But what happens when the gyroscope stops? This system was 

proposed by no less an individual than Mr. Louis Brennan, who invented 

the Brennan torpedo used by the British. Others subsequently experiment ed 

with the idea but no one has answered the question. 

The third, and apparently the only practical form, has the 

cars hung below the rail and has naturally been called the "suspended mono 

rail. 11 This type iS: exemplified by the Barmen-Elberfeld-Vohwinkel line 

presently operating in Wuppertal , Germany. Much has been written about 

this prototype of the classical monorail, connotated "classical" solely 

because Mr. Webster says so. Photographs of parts of that electric rail 

way are shown here. 

Modern Concept of Monorail 

Because monorail construction is in no sense a new engineer 

ing idea, we should not be confined to the narrow wording of Webster's 

dictionary and the definition of classical monorails but we should exam ine 

the practical industrial monorails long used extensively in this country in 

large industrial plants, warehouses and other businesses for the handling 

of relatively heavy pieces of material or equipment moving generally along 

the same routing and often propelled by motors. These monorails are well 

developed and highly satisfactory . In some of the better designed industrial 

monorail systems there are two wheels opposite each other running on two 

bearing surfaces, one on each of the two sides of a flange of a single struc 

t ural member, like anI - beam. The load is suspended from a frame hung 
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Barmen-Eiberfeld-Vohwinkel Suspended Electric Railway. 

Train going up the Main Street of Vohwinkel. 

Barmen-Eiberfeld-Vohwinkel Suspended Electric Railway. 

Above the Wurper River in Flarmen . 
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below the two wheels. This is shown pictorially on an adjacent sketch . 

So, we also have a monorail with two bearing surfaces . Sup

port of the bearing surfaces is a purely structural problem --for example , 

channels with flanges could replace the !-beam. In fact, this has been ap

proached by some forms of barri door supports . 

A look at our modern encyclopedic works such as Americana , 

Chambers and Standard, discloses that the ' ' guided monorail " has taken 

many forms with any given number of rails . One type has a single bearing 

rail on the ground with a guiding rail vertically above to prevent the car 

from overturning. This is generally known as the Boynton system . 

Another has a single rail straddled by the car with a guide rail on the 

ground on either side. This is known as the Behr system . The latest 

development called Alweg, a running model of which was recently demon

strated near Cologne, Germany, has a bearing surface upon which the car 

runs and vert ically '-" curved extensions below the frame of the car to which 

wheels , bearing on the sides of the structure supporting the running ra i 1, 

are attached . This is an adaptation of a very early monorail described in 

the Encyclopedia Americana for 1951, about page 366, from which I quote 

in part. 

"The downward vertical force consists of the weight of cars, 

trucks and loads. This weight is delivered to, and directly susta ined by , 

two centrally disposed bearing rails laid with precision as to alignment and 

surface, and closely gauged to each other, so as to constitute practically 

a single support, while the vertical integrity or stability of the we i ght thus 

delivered to a central point is conserved when necessary by upward forces 

acting through the medium of dependent tension members, fitted with fric

tionless wheels bearing against inverted girders or rails ; .. . . 11 
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Now , we ha ve a monorail with se veral bearing surfaces . 

So , how do we define the modern monorail for mass rapid 

The development of modern urban and suburban areas tends 

towards the elimination of all mass transportation devices from the sur 

face of the streets . Certainly the lesson of the New Yo rk and Chi c ago 

elevated railroads requires that the supporting structure must ha ve as few 

supports from the ground as possible , as small a blanketing of light and 

air as feasible and any such overhead obstructi on located as high above the 

ground surface as reasonable . These requirements can be met much bet 

ter by any type of suspended monorail than by any other form of structure . 

Because support of the traveling cars i s provided by a single integrated 

member , we have the "mono" portion of it s defin ition . The car wheels run 

on bearing surfaces analogous to rails providing real rail rapid transit, 

from which we ha ve the remainder of the definition ''monorail. 11 

Development of Rapid Transi t 

In the early days of our cities before the automobile was m

vented, all land transportation was on the surface of the ground. When 

mass transportation became a necess ity it continued on the streets and on 

the roads first as stage coach and horse car , followed by the trolley car 

and bus . Soon some of the larger and faster growing cities began t o feel 

the pinch of traffic and initiated eleva ed train operation to separate and 

speed the mass movement. E ventually the noisy ele vated t rain running 

upon conventional trac ks built near the ground , shutting off li ght and air 

and with several lines of supporting columns i n the street caused a depre 

ciation in real estate values along its route , and with t he ad vent of he 

automobile became a t raffic aggra va tion . Because the surface was already 
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congested and the elevated structure was causing concern , thoughts wer e 

forced to turn towards subways . Subways , as an operating de vi ce , were 

a good answer for the majority of the population for the majority of the 

tiwe. Except when one had to ride in the subway, it was out of sight and 

almost out of mind . The great hitch is economics . Can the luxury o f a 

subway be afforded today by any of our cities , though they are strangled 

by automotive traffic on their streets? If so, then there is the ans wer 

to the traffic problem. Unfortunately, it has been demonstrated that the 

luxury of a subway sufficiently extensive to provide real traffic relief can 

be afforded by hardly any city in this country . 

Because of the tremendous post war growth of population 

around large American cities, today more than ever before , our metro pol

itan areas are faced with the immediate necessity of expanding and pro v id ing 

adequate public service to their inhabitants . Every phase of economic and 

social life is involved. Schools, water supply , sewerage system , fire 

department , transportation and all other community facilities require ·as - 

sistance from public funds for expansion to me e t the e ver increas ing de 

mand. Among these, none . is being discussed with more urgency than the 

possible solution of probt-ems pert<!ining to mass rapid transit . We ha ve 

come to the conclusion after many years of study that the surface t y pe o f 

public transportation cannot keep pace with the changing requi rements o f 

mass rapid trans i t and that a new approach would ha ve to be de veloped , 

depar t ing from the idea of the use of surface mass transportat ion , impeded 

by the cross current of street traffic flow. The soluti on l i es i n the design 

of a transit system where the fre e dom o f mo vement is not hampered by 

other traffic mediums , where spe e d can be maintained in excess of those 

obtainable by existing systems, and for which the capital and operat ing 

cos t s would not exceed those of any other system attempting to pro vide 
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comparable service . Through these studies, it has become increasingly 

clear that a modernized form of suspended monorail is an available solu 

tion of today' s problem of mass rapid transit . 

These are the reasons traffic and transit engineers have been 

looking longingly for some other means of mass rapid transit above the 

surface of the street. Several solutions have been suggested, but today we 

are concerned with monorail systems as a most promising answer . 

Although this discussion relates to mass rapid transit , I am 

never able to talk about transportation in general terms without consider

ing, for at least a moment, the effect of the private automobile on our traf 

fic problems . 

Right here in your city, I have heard the questions - o 

Why mass transportation? Do we need a rapid transit system? 

I do not propose to attempt to answer these questions because 

they can be answered only after serious technical examination of the prob 

lem and expert appraisal of the findings, but there are a few fundamentals 

which must be kept in mind . Especially in metropolitan areas the ser vi ce s 

performed by various forms of transportation are interrelated . The 

ultimate achievement must be the economical and expeditious mo ve ment o f 

people -- not necessarily vehicles . 

As a solution to the problem of moving large numbers of 

people into any central district, the private automobile is decidedly a poor 

answer . At the usual average loading the automobile is extremely prodigal 

of street space . In most cases, it must be stored somewhere unt i l a 

return journey which requires still more space whether i t be fo r c u r b park

ing, private off-street parking or public terminals . 

Therefore, it appears self-e vident that any community mus t 
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look carefully at mass rapid transit. 

Brief Description of Suspended Monorail Systems 

Certainly the ''saddle-bag monorail" with all its cumbersome 

supporting structures would not be acceptable in or above city stre e ts . 

While some form of "guided monorail" might be applied t o 

problems of transportation where a stable, continuous road bed i s not prac 

tical , it does not appear likely that the questionable ad vantages gaine d by 

guiding the car movement could overcome the objectionable added stru c t ure 

necessary to support the guiding rails. Consequently , the suspended sy s te ms 

are the only type of monorail that can be regarded as a useful tool for mass 

rapid transit within our urban or suburban areas or between o u r urban a n d 

sate lHte ·comm·unl:tee-q . 

The modern concept of suspended monorail has progressed con 

siderably beyond the original design now operating in Germany without the 

loss of any of the fundamental ad vantages. Many of the improvements ha ve , 

frankly and naturally, been inspired by progress in structure a n d equipment 

designs of modern surface systems , for example by the PCC car . 

The running rail is supported by a simple girder or member 

of sufficient strength to ob viate the necessity of cross - brac ing between two 

rail supports of a double track line . Thus , the unsightly latt ice - work effect 

of the Barmen-Elberfeld - Vohwinkel construction has been e lim inated . The 

supporting structure may be an arch type bent as formerly, or where mo re 

suited to the conditions, a single column wi th suitable cantile v·e r brackets . 

Thus , any semblance of a floor abo ve the s treet has b een entire ly remo ve d . 

I£ conditions dictate , such as a short section of subway in a rap id trans it 

system , a simplified form of the girder could easily be s upport ed f rom t he 

roof of the subway construction permitting the operatio n of th e Monorail 
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train hrough he subway. 

The ar body , ruck and dn ve ar l og t al adap a tons o . atr 

craft fuselage des t gn pra ic e , PCC car d e v·e l opm en and torque con ,.erter 

drive appl icat ton to motor drt ven vehtcles . M odern ht gh s · rength , li gh 

weigh mat erials would be used t o t h fullest extent o und t o be econom ical. 

A ll cars are equippe d with mode rn h t gh s p e d mo ors and 

operate d tn multi ple, tnclud ing c n tralt z e d door c on rol rom a s m gle con 

trol point tn each rain . Mo t or i z ing all [our axles p er ar no only perm t s 

the use o f smaller , li gh e r motors , b u , m ore tmpo rtant , perm its outstand 

ing schedul performance , by maki n g he e n tre we t gh a va ilable o r rap i d 

acceleratton and braki ng rates wt htn permt ss ible values o [ adhesion. Thi s 

latter feature o f des t gn i s of p rim e impo r an e b au s e rat s of accel ·rat tan 

and deceleration , even mo re than m axtmum s peed on 1 vel angen track , 

de term ine t h e a ve rag or schedule spe d s or runs up t o one m de or e ven 

more in length . As to p s p ee d s tncrease d , he os o po wer and c o s of 

mot o r equtpment tncre as s ven mor e rap t d l y , hich tn d t ca ,es th . selecti on 

of a top spe d of s tx y m tles p er o ur. Wt h he ra es o a c el ra ion a nd 

dece lera ton avatlable , h is top spe d wtll re ul 1. n an a ~· r-a g e peed o£ over 

forty m iles p e r hou r inc lud ing tm e or s atton stop s . 

B ecaus h e cen er o g ra vi y of the c.. ar i s we ll below he po tn 

o f suppor , any rans ver s e oscilla tons tend o dampen ou , al ho u gh on 

curves outward swtngtng o t h car as aunt i s allowed n arly o a pos t ton 

o f equilibr ium be t ween gra vt a ional and cen rt ugal o :rc es . Tht s ea ure 

increases passenge r comfor . 

One typ tcal system embodym g mu h o h conc e p o h e 

Ge r man pro o t ype in Wupper al was comple ely desc n bed tn a alk I made 

before the New York Ratlroad Club on F e b ruary 19 , 194 . I anyon ts 



- -- ._ -1 
~ 





- 9 

tnterested in reading that general descr ip t ion p I feel c er a tn hat our offtc e 

here tn Los Angeles can supply coptes o f t he transcrtp . 

Since that time , study of he use of monorail as one of h e 

means of supplying mass rapid trans it t o traffL c - strangled communtttes has 

continued . In some instances the applicat ion o f he s ingle bear tng surface , 

suspended monorail system , has bee n found d ifficul due t o local condittons 

and requirements , some of whi ch are no generally encount ered . 

To meet t hese d i sad vantages of t he s ingle rail sys t em , a leaf 

has been taken from the established pract ice o f indus t r i al mono r a t l use i n 

this country. 

B y merely splitting the two bearing surfaces on th bottom 

flange of the structural ! - beam and supporting them by a re vi sed but inte 

grated struc ture and by suspending t he load from a poin t be t ween t he wheels 

instead of from a frame around them p as shown on t h e sketch fo llow ing page 

three, t he idea of another type o f suspended monora i l i s conc ei ve d . I shall 

call this type , for lack of a bet ter name , the spltt- rai l t ype o s uspe nded 

monora i l. Adap ing this arrangement to opera ion w i h loads and speeds of 

the magnitude requi red for mass rap id t rans it, result s tn a truck r unning 

tnside the tn t egrat ed mono - s rue ure on rat ls locate d wtth pre c t s ton as t o 

altgnment and surface and closely gauged to eac h o her so as t o consttt ute 

practically a single supportg I t is n e c e ssa ry o suspe nd t he ca r rom t he 

truck because the gauge of the rails becomes so close tha a c ar r unn in g 

above the rai l.s ·nould be uns t ab l e , bu by suspe nd tng h e c ar r om t he prop 

erly designed trucks a complete ly sa ts a c ory monora 1 r sults. In fac t, 

the only material d i ference be t we e n thi s type a nd t h stngle rat l t ype i s 

that in the spltt- rail type the truck runs tnstd e he lon git udtna l suppo rttng 

gtrder while in the single rail t ype the t ruc k runs on t op o f he g trd er. 
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To accommodate t h e rue instde h s p lt .- rail g t rder , that 

mtegra ed struc ur b e comes some what wi d er han the correspondtn g girder 

for the single r a i l. Thts is n ot cons t d red significan because hat gi rder is 

lo a t ed about thir y fee t abo ve th e s re t a n d the d t ference of th t r t y tnches 

tn wi d hat tha · ele va i o n co u ld hardly resu lt tn any rna er ial increase tn 

shadowing of he s re The spl i - r a il g trder wo ld be almos t who lly 

enclosed by a sound - deadening s in, wt h a streaml tne d effect, and wtth t h e 

top section s remo vable t o fac i l itate emerge nc y repair of t he tr u ck if s uc h 

sho uld become n ecessary along th e route . E nclos ing the girde r will result 

tn dry rail operation a llow in g htgher rates of acce lerat io n without t h e va r yi n g 

possibilt tes of whe e l sltppage. 

One of he ad vantages of the split- ra il sys t em , ha ving the tw o 

bearmg surface s, i s the decrease of poss ib i l i t y for derailme nt . A hook i s 

pro vtded o n t he stngle ratl system to a void pos s i b ility o f serio us damage in 

case of derailme n , and , there ore , the s ingle rail system i s safe but the 

close clearan c es within the girder o f t h e splt - rail syste m make de railment 

almost tmpos s i b le . 

Be c ause the spli t -ra 1 s y s em has the car ·s u spended [rom he 

true hro ·gh a slot i n the un d ers t d e o he g ird er , there are o ltm i tati ons 

to he means by wh ' ch ha in egrated g t r der can be s uppo r e d . Thi s result s 

tn cleane r appearin g s truc ures wher th requi rem en s o f applicati o n make 

i necessary o ha ve suppo r t ing colum n s on d i feren st des of he girder a 

var to s loca to n s alon g th r o e . 

I n bot h s ys e m s he l a est d ·ice s fo r pro vid ing sa fety by 

stgnalin g a n d ratn control are a n tn te g ral pa r o f th des i gn . 

Th c ars of both sys e ms o suspended monorai l ar re e o 

swin g t o camp nsate fo r cen rt ugal £o r es d ue to n e go ta tng cur ves . 



- ll -

However, in the case of the single rail system there i s no control on the 

amount of swing except the restraint afforded by the friction of adjo ining 

diaphragms at the end of cars . Because the truck in the split-rail system 

always runs on an even keel and the car sway is centered about a point in 

the truck, it is possible to apply well-known methods of frictional restraint 

to control the amount of swing of any individual car if that is found desirable. 

Summary 

There are at least two suspended monorail systems, either of 

which meet the requirements of mass rapid transit in modern urban and 

suburban communities. There is little difference between the two in appear

ance of the supporting structures, the car design, electric drive, station 

arrangements and overall cost . The specific use of each in any indivi'dual 

location will be indicated by a complete study of the problems of application 

in that particular case . The details of design of the system selected, based 

upon well-known underlying principles, must be developed in each instance . 
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