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POSSIBLE USE OF SUSPENDED MONORAIL IN
UNDEVELOPED SECTIONS OF QUEENS

By

Hon. Grorge U. HaRv
President, Borough of Queens

m
O ‘i) 15 s i ; Al

| HE possible use of the suspended monorail system of
transic in the undeveloped is of the Borough of Queens is
ct exceedingly difficule for even a technically-minded
il In arcempting to set forth some of
the possibilities of the suspended monorail a applied to the
transic problems of the Borough, 1 feel that T am undeservedly
assuming the robes of a prophet, for this revolutionary mode
of travel is certain of public acceprance. Its porentialities as a
means of serving the builtup sections of the Borough of
1d of developing the wide areas yt 0 be populated
od that I feel that T am unequipped © properly dis-
cuss them in detail.

However, I fully understand the need of a new and inexpen-
sive form of safe transportation in Queens as will anyone know-
ing the buckgmund of the Borough. Not so very long ago, the
Queens Planning Commission presented a report which con-
tained plans and recommendations for the orderly and scien-
tific development of Queens. The Commission's members
clearly envisioned the great Borough of the future and in detail
recommended the steps that will have to be taken to solve the
problems and avoid the mistakes of progress.

a suk
man to describe in de

Since the prcscn(urion of this inicial report, the Planning
Commission has added a new chapter in recommending to the
Board of Estimate and the Board of Transportation the sus-
pended monorail as a possible means of meeting the great

transic needs of the Borough.
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at a dream or a practical vision? Is it a prophesy or a

Is th.
guess? Those of us who have spent more than a few years on
this old mortal coil have witnessed astounding developments
hat has come to pass since 1

In the light of W
e the essential things of life, I think it is
wsele-building will fall far short of the

Mechanical developments of our age
ane, radio, television and now the
adions of how little we can know

and changes.
first began to observ!
safe to say that all our ¢
actualities of the future.
—the automobile, the
suspended monorail—
of what the future really

pl
are indic
¢ holds in store.

and to compare it with the

It is better to consider the past
auge the future.

¢ and then by relativity atempt ©© &
opulation of Queens was 284,000 persons.
ose to 1,110,000 people living in this Bor-
crease of more than 800,000 In the past
s been increasing its populacion at che rate
Does not this give some assurance
idence that Queens is the fastest
of New York. We know that
lation will grow beyond that of
1l other Boroughs combined.

presen

In 1910, the p
To-day, we have cl
ough. Thatis an
few years, Queens
of over 100,000 annually.
of the future? We have the eV
growing Borough in the City
within a few years our popu
Manhattan and perhaps of a

\late ourselves, let us serious-

But before we begin to congraty
ly consider the duty that this growth imposes upon us. It is an
We owe it to the teeming thousands,

awesome responsibility-
to the millions who are t0 crowd what are now the wide open

spaces of Queens, who are to fill the homes yet t©© be buile by
the hands yet unborn—we owe these children of the future a
duty to plan and © provide for an orderly, sane and reasonable
course of development.

The Borough of Queens has the greatest porentialities of any
community in the United States. With its 70,321 acres, ic has
the largest in area of the five Boroughs of the City of New
York. Its gc(ygmphicnl Jocation gives it @ strategic position
with respect to three of its sister Boroughs. Tt physical ad-
vantages are varied. Queens has 196 miles of shorefront, an

7




ATLANTIC SUsp. A NORA C
C SUSPENDED {ONORAT
AIL

ocean, sound, rj %
G Cem,errn'er, and Jamaica Bay, m
ABeE et Part of its terrain offe
Sl ugged concour :
ural park sites. Its a4
Its nearness to the h‘eaJ
1t attractive to industry.

ak it 2
r:\’(!ng it .Il great natura|
atural aj
b : s al ai ili
4‘ce"1 the north offers idmlistrilzo“ e
” ; ! 3 ai
j2 0[?hm Manhattan and Brooklnd =
¢ world's business ccmer)" ak"d
: makes
There
£ re is no rule
Potential growth,
laying down pl
sistently

by whi

hich we ¢;
There ; can properly
e i y measu
s dcsi: no formula that we may fol:c our
as possible to cf g, but plan we musr and’ oVl
5 chart our developm st and try as con-
What the Pl pment.
recommends is
S ]"gh“'ﬂys
quiremens -

= ; that we
laid out transje |; prepa
the City of Ne l\n’es; th

W York by

v ]
Simmg Commission, v
SIMply this—thag we
in keeping

ith its eyes to the future,
ith Prcsc;:;sf:llfl[ }1 S}'S[Cl‘n Of "'l()d:
iy and future traffic re-
at Queens and rtllnl::co:;'“h éﬂfﬁ‘mgend)’
the  York be oy i her Boroughs of
e p:xrcl\znl;]:Ctlng'l‘nks such nicijre;:]icb(l]'nds S Conﬁm"’i'
tim_c, e mn;(}gl‘fizd where land is 11:jc\l;Jer:$r:I\]'le e
5;::; Wl TS a] cxpaen (r]z?rcintxonal facilities wh;:ftﬁfliffslc'}‘
“Vholc‘m“?d b that harbors and airports be I'u':ma-
e e, rln_s c‘)“‘lllunir)'Pﬁl‘l,ng needs of the future so that : 0]“‘
somelcnmlnue to grow € years, ten years, twenty ar. (;n rce

b el b ﬂ\\'xfhouz disorder, ,he'll l% T o
5 Sul L‘rmg fl'Oﬂl no l]';iS[‘ll:’C; 711:":('1);, l‘zl‘lole'

2 ade now.

I believe
ha
Purpose g o1 Public f
ucens P

ully realiz
. 3 )imrgalues and appreciates the
ot Commissions : ued the members of the
! rr-m ¢ up the grcu‘ b know that the men and
iundy Practica] 4 i ody of homeowners will sup-
z'km as wemng 3’4' gcnemn'gx? lCyf 5 bu”dinq for the fuoig
estine, made by (. s of the future o
S R VI s ture from such mis-
haps the greate ;\T}S of the past. Queens is

atest ot s

unicipal unit in America,

Pirit whj
T s i
anning ch Iy

UL its fupy,
this greqr 1 ¢ MUSE be
great by, ¢ safep
and re. toddling guarded o
gsason \»’i:?nd"]d Muse bgd g‘li]nun.zd' The steps of
15 of to-day mﬁ o b“d in paths of safety
: Yy be the realities of to-

NDED MONORAIL CORPORATION

ATLANTIC

morrow but I feel that even the most optimistic and enthusi
tic visionary portrait of the future will be a colorless and shape-
less design when compared to the actual structure that our

children’s children will call Queens.

Against this background of physical resources, of advantages
of location, of pmhlcms of development, of plans, hopes and
predictions we may consider the monorail with a better appre-
ciation of its possibilities.

In all my studies of the monorail, T have been guided by the
o Commission, which, through its com-
estigated this revolutionary system of

reports of the Planni
mitcee on Transit, has inv
transportation very thoroughly.

In considering the problem of serving the great ared of the
Borough, 1, naturally thought of the monorail as the possible
answer to our problems. I read of its high degree of safery,
its low cost of operation, its low cost of construction and of its
other virtues. After some study, I recommended the suspended
monorail as a subject for study by the Commission. The in-
vestigation that followed was intensive. No detail was over-
looked. Under the chal rmanship of Mr. L. A. Coleman, the
Transic Commirttee interviewed railroad engineers, transit ex-
perts, civil engineers ind other technical men qu;lliﬁed o pass

judgment on a project of this kind.

ies of the monorail as a means of quickly
acilities to those sections of the Borough
ransportation, I was already fully in-
formed. What I wished t©0 know was whether the suspended
monorail would be both practical and safe. 1am glad to say
that the answer contained in Mr. Coleman'’s report fully justi-

fied my interest.

As to the porcmiulir
giving needed transit f
without proper forms of t

Mr. Coleman and his associates interviewed officials of the
Pennsylvania Railroad, including Mr. Crowell, Assistant t©© the
Chief Engineer, and were advised that the Pennsylvania Rail-

9
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about one-tenth of the cost of a subwayj; that
ill be abour fifty per cent instead of seven-
that at least eighty per cent of
the usual noises of elevated structures would be eliminated, and
that the interference with light and air can be reduced to a
minimum'shﬂuld react favorably in analyzing this type of

transit construction.

existing type, and
the npcrauing ratio W
ty per cent as now in vogue;

The Transic Comt ec's report was accepted by the Plan-
0 thac body to forward a reso-

ning Commission and prompte
Jution to the Board of Estimate and the Board of Transporta-
tion, recommending that the suspended monorail system Of

transporeation be studied with the view of passing upon its
value as a form of rapid transic for use in the Borough of
Queens. The resolution is NOW before the Committee of the

Whole of the Board of Estimate.

arding monorail is that a new era of
I believe monorail transportation
d by the public just
the subway and

My own conclusion reg
transporation has arrived.
will soon be a commonplace thing, accepte
as readily as the motor car, the steam railroad,
the airplane.
tion of our own cransit problems in Queens, I
am optimistic that the suspundcd monorail will be the great
factor in giving relief to the thousands of our homeowners
without proper means of transporeation and will have a marke
effect in rounding out the development of our great Empire
Borough. 1 fully expect t© ride in a monorail car across the
entire Borough in the not very distant future.

As 1o the solu
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sengers have been carried without accident to passenger Of €m-=
ployee. During rush hours trains of three to six cars ar¢
apcm(cd at two-minute interva In test runs a speed has been
artained faster than our subways. The cost of operation is less
than any other system of mass passenger transportation known.

As early as 1910 the City Club of New York urged its con-
sideration for use in New York City. In 1912 rcprcscnm(ivcs of
the German line were 10 the United States and presented com-
plete details to transi authorities in New York and Philadel-
phia. Due to its unsightly appearance and to the fact that it
had not been adapted to city :mmpnrmriun, it was not adopted.
As a direct outgrowth of this effort, however, a group of Amer-
ican engineers, basing their studies upon these complete decails
of the German line, and realizing the necessity for an improvcd
overhead system of rapid transit for eventual use in congestcd
areas, undertook a serious study and refinement of this system

for American use.

The engineers engaged in ¢his activity were men of outstand-
ing ability and in their studics they had the cooperation and
assistance of many noted railroad and cransic and electrical
authorities. 1 am proud to represent this original group of

and to have been identified with

American monorail pioneers
the project since the completion of their first studies. Qur put-
id transit

pose has been completely develop 2 modern rap!
system, utilizing all of the proven advantages of suspended
monorail tmnsporm(ion, including all of the remarkable de-
velopments in the electric railway field, and the remarkable
improvements in modern structural practices during the past
quarter century. It has been our purpose to secure actual bids
from electrical and equipment concerns, steel companics, steel
erectors and general contractors, and to definitely establish our
ability to engineer and deliver completely equipped units, before
making any announcement to the American public.

ages of Suspended Monorail transpot-

The distinctive advant
cost of construction and

tation, the reasons for its relatively low
13
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ctions as a result of automobile transportation. Subways
ated lines of familiar type are of course real rapid tran-
sit facilities, but it is inconceivable that a sufficient mileage of
either of these can be constructed to meet the urgent need. The
cost of the clevated is much lower than the cost of the subway,

will always be objectionable for high class city

buc its structure
streets or residential neighborhoods.

lying se
and elev

The Suspended Monorail System not only provides rapid
transic of a capacity and speed equal o the subway or elevated,
but its structure is not objectionable, even in residential sections.
It offers a rapid transic facility for immediate relief as an exten-
sion to present lines and provides 2 complete unit solve the
problems of cities that sre not supplied with any rapid cransic.
It is the only system known thar will permit the construction of
sufficient mileage to serve @ city and its outlying neighbnrhnuds
at a cost low enough o be paid for out of popular fares.

ay of improved

 unnecessary in this d
o de-

eleceric railway development ©
rapid transit. Few cities outside of
bulk of the expense for rapid transit
that the riding public pre-
same scheduled speed

Our position is that i
structural pracrices and
pend upon subways for
New York can absorb the
by taxes. Furthermore, we believe
fers open air [mnspurmliun, pro\'idcd the
and equal facilities are available.
ed Monorail offers an equal

As I have stated, the Suspend I
both in construction and

capacity at considerably lower cost
operation, with full capacity for speeds of either subway of
elevated, In addition, it will render a service smoother and
quieter. It is so dcsigncd as 1o cast scarcely shadow on the
street below. There is a shorter climb to station pl:uforms than
in present elevated pmcdcc. More cars are available bgcnu§c
of the low cost of equipment and every item connected with it
Riding is free from lurching and swaying common 0 present
two-rail systems. Safety is assured by eliminating all the com-
mon causes of derailment. Passengers are pcrmmcd a free and
unobstructed view of the street below.
15
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ATLANTIC SUSPENDE

ECONOMIC AND ENGINEERING FEATURES
OF
SUSPENDED MONORAIL TRANSPORT

By

GiLperT D. FisH, Consulting Engincer

A STRIKING feature of rapid transic is that quality of ser-
vice depends largely on quantity- The best nppnin(cd cars are
uncomfortable when overcrowded. High speed does not com-
pensate for long intervals between trains, ot for blockading due
to congestion at Stations. A rapid transit system is not compre-
hensive unless it serves all neighborhoods.

Rapid transit, as distinguished from strect car and bus trans-
portation, is found only in a few cities, but is much needed in
many others. A community of half a million populu(ion covers
too much ground and has too heavy traffic to be scy\'ed i}L‘lC-
quately by surface lines, yet there ar¢ about ten American cities
of that size or larger which are getting along as best they may
without subways or elevated lines. Several of them have pre-
pared plans for such facilities, but the heavy cost is holding
them back. New York, Chicago, Philadelphia, and Boston hqvc
rapid transit systems, all of them immensely usgflnl but ‘fnllmg
far short of the mileage needed for comprehensive service an
for development of outlying districts:
¢ so expensive that only a few of our metro-
politan centers can afford it, and that those few cannot suppor:l
enough lines to mect their needs? Cost studies of subways an
elevated lines of prcv:\iling types seem t© show that chis is (ruc-
The elevated railways are far lower in first cost (lmrl) 'subwn‘ys,
and might be afforded ©0 @ limited extent by some cities whn:l;
now depend on surface lines, but they are {cgurdcd with genera
disfavor on account of noise and unsightliness.
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lnégncaiﬁc;:dsx:-:ﬂ; cnrclc'hzwing its center at the heart of 2
e ,cc"m ml [;i I[mnS‘l( system laid out in lines radiating
S “ng;x pc:]mts of the circumference, as shown
Resda s a double track subway within a radius
Rl tlr(‘)ught ﬂb(?\’c ground and extended as an
the system cnn)siszs n‘fL 107ml:ilzlsrctl)? e
¢ D) o
miles of two-track elevated, and its ﬁ[:s(o :r::rc tosmu:;‘e'?zlyﬂ::uir
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ped is in the ncighbnrlmml of Sll!\l,(?l)l).\\(!(\. If the area is
densely populated, as it is likely to be if the city in which it lies
has a million or more inhabitants, this transit system may rake
in 400,000 fares daily, or pechaps more after the outlying areas
dose to the routes increas in population due to the service.
Not all of those living within the six-mile circle and desiring
fast transportation will use the system, because 259, of the
area is further than easy walking distance from stations due ©
insufficient number of routes. During rush hours, 3-car trains
on 4-minute headway on cach of the lines will carry the esti-
mated load at 200 passengefs per car, & condition of serious
crowding, but no worse than what the public is accustomed to.
Operating and maintenance COSts will probably amount to 2
cents per fare, while interest and depreciation on the $100,000,-
000 installation will cost about 5 cents per fare. As the years
pass, increase of craffic will somewhat decrease the operating
cost per passenger and will reduce the carrying charges almost
in inverse proportion to the number of fares, but a very large
increase in business can probably not occur unless the lines are
extended and the average haul increased.

If the carrying charges on the investment in 2 subway and
elevated system are nearly as much as the revenu¢ obrainable at
ordinary rates of fare, even in such a populous ared as the one
assumed, there is not much chance of providing uncongested
rush hour service ac popular prices, using facilities of the types
now familiar. Cities of the 500,000 class can hardly make as
favorable a showing as the illustration chosen, especially if they
refuse the economy of elevated construction in the outer zones.
It is sometimes feasible tO subsidize rapid transit construction 10
part out of taxes on realty which is enhanced in value by im-
proved facilities, but this device does not ncn{ully reduce the
cost of transportation; @ better way of nppro:\.chmg the problem
seems to be a study of the suspended monorail system.
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MONORAIL

FiG. 2

: Fig. 2 shows a layout for 48 miles of double-track monorail
in (hc.sumc six-mile circle previously considered. With twice
the m:lcug; of the other plan, this system serves all areas SO
that no point within the circle is more than easy walking dis-
tance fm'm a station. If 400,000 fares a day could be collected
by the (:lgh[ radiating lines of the first layout, 500,000 passen-
gers daily wouk! be expected for this more ’com[;lere system.
Four-car monorail trains on 34-minute headway on each route
would not only handle the peak load but would provide a car
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for about 75 passengers; s the seating capacity of a
about 80, this service would leave nothing to be desired as to
accommodations, and would be faster than that furnished by
the other system because there W ould be no delays due to con-
gestion at stations. The cost of the 48 miles of two-track mono-
rail would be about § {5.000,000, including enough cars for
the service above described. While for cqual service the mono-
rail system would be much lower 1 operating Cost than sub-
ways or clevated lins, the greatly increased service provided in
the case here considered is estimated at about 2 cents per pas:
senger, or the same as for the crowded and slower service of the
first plan. Interest and deprecia ion on the $45,000,000 instal-
lation would be nppmximmcly 2 cents per fare, making the
toral cost of transportation about 4 cents per fare. App;\renrly
in a territory offering 15,000 t© 20,000 daily passengers per
square mile of area conveniently served, fast and comfortable
monorail service may be provided at 2 five cent fare. Lines
extended into undeveloped districts might have to look slighcly
2head for a satisfactory volume of business from those neigh-
borhoods, but it is usual for apartment house construction along
rapid transit routes 1o start before track is laid.

The potential importance of monorail transportation lies in
the fact that it appears © offer a solution for the economic prob-
lem of rapid transit in mOSt of the cities which need such facili-
ties. In centers having & half million or more inhabitants, and
perhaps in smaller ones, it should be possible © pmvidc fast
monorail [mnspormtion at prcvniling rates of fare, with seats
for all passengers.

The reasons for the economy and certain other advantages of
the suspended monorail system are not obvious to everyonc.
non-technical explanation may make some of these points clear.

The plmmgmphs herewith, showing the Langen nmnor;\il
line in Germany, do not look like what is proposed for use in
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;lus country, bu(vxllusrr'a(e the essential idea of hanging the cars
C'mm a single rail. Evidencly, they cannor overturn as ordinary
ars sometimes do, because most of the weight is suspended

SPENDED MONORAIL

ATLANTIC §

below the support. The German line has run successfully for
thirty years without guide rails to prevent swaying of the cars,
and although there has been some disagreement as to how ob-
jectionable the rocking motion has been, the face thac the system
has carried nearly a billion passengers scems to prove that the
free-hanging trains have not been unpopular. The designs pre-
pared by American engincers include guide rails to prevent
swaying, as will presencly be explained.

The trucks on the German monorail cars are very compact
as can be seen in the pictures. It would naturally be expected
thac a single line of wheels would not require such heavy trucks
as two lines. A more technical reason for lightness and sim-
plicity of monorail trucks is that it is unnecessary to provide
mechanical means to prevent rocking of the car bodies on the
trucks. There is considerable looseness in the connections be-
tween two-rail trucks and car frames, but not in the hinge-type
joints which provide for rotation of monorail trucks.

The monorail cars and structure, as re-designed tor American
service, are shown in Figs. 3 and 4. The cars are about the same
size as those used in New York subways, 64 feet long and 9 feet
wide, and provide seats for 80. Shorter cars may be used if
sharp curves are required. The mortorman’s cab is elevated s0
that his eyes are slightly higher than the rail. The trucks pro-
vide 12 wheels per car, 4 of them being drivers. The trucks are
5o articulated that no more than two wheels are held rigidly in
line. The wheel spacing is ideal in distributing the load along
the supporting structure, and the flexibility avoids binding of
wheel flanges on curves. Empry cars weigh 17 tons e:\ch,‘ as
against 40 tons or more for the usual steel sub'\ vay cars. This
grear difference is due partly t© the use of aluminum instead of
steel for the bodies, partly to lighter uuck's and motors, partly
to smaller strength rcquircments-of hanging cars. Of course,
aluminum could be used for subway cars also, but weight sav-
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no suppm(in;' structure to

iven by four 50 horsepower

ing is less important when there
consider. Each monorail car is dr

instead of two 200 horsepower motc
or rail, fastened to cach ;.;mh-r of the
structure and prmccred against sOW and ice, carries power for
the cars. The design of wheels and motors is based on high
acceleration and free running speed of 40 to 45 miles per hour.

5 as on

electric motors,
subway cars. A conduct

The structure shown in the drawings, while not ;lppliczlblc in
all locations, is considered the most compact and pleasing in

appearance, and the least expensive, of several suitable forms.
The T-shaped towers, variable in height but uniformly 14 feet
shafts, are spﬂced about

across the arms and 3 feet wide in the

50 feet apart; at the ends of their arms they support two lines
of girders which carry the two tracks. The towers are cast into
reinforced concrete footings which are big enough stabilize
the structure under the most severe conditions of unbalanced
loading and wind pressure. The two lines of girders are braced
by light steel trusses in @ horizontal plane. Nothing in the
structure is bulky enough to throw considerable shadows on
street or buildings or to obstruct sunlight noticeably. On each
girder is a wood sleeper which continuously Supports the rail.
The rail is a standard railroad T-rail, and is fastened t© the
girder with hook bolts. The wheels are double flanged, and
resemble those used in traveling crancs:

seen cars and tower shaft:
he cost of the structure and

The side clearance betw s is one foot;
a greater distance would increase € 0
the space occupied by the system. So litcle space would be in-
sufficienc if the cars were allowed to swing free, u{ld further-
more, it is desirable for the sake of comfort to eliminate sway-
ing entirely; therefore, guide channels are attached to the

towers alongside the car bottoms, and arms are proyndcd cn'[hc.
car frames with 10! hich cravel in the guides

llers at their ends W
and prevent swaying.
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On curves, the tower arms are of unequal length, and the
guide channels are located 5o as to incline the cars at a suitable
angle, as shown in Fig. 5. This corresponds to the inclination
of an ordinary railroad track on curves, and is intended to bal-
ance centrifugal force, thus avoiding unduly high lateral forces
and discomfort of passengers. No angle of inclination is cor-
rect for various speeds, but by designing for an average velocity
it is possible to provide fairly well for all ordinary values. If
the guides were omitted, the cars would always assume the in-
clination natural to the speed and curvature, but some swaying
would result from the transition.

FiG. 6

Transferring a monorail train from one track to the other
cannot be accomplished by the ordinary cross-over, because the
train must be turned end for end to place the car hangers on
the outside. Two plans of cross-over available for monorails
are shown in Fig. 6. The one at the left is an elevated or de-
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minals, loops are provided instead of switches.

i al
Station platforms are nearer the gmuml (h:: ::l :}:]c‘yuli:lgh
elevated railway systems, because (l_le car \)i)([«j| T.hc et
enough for safe clearance of vehicles bcllm\ .UCk S
height is equal © the combined depth Of. cAyr "-mu;, L
ing girder of the older system, ;\mnunu{\% l:blk R
feet. Fig. 7 shows that the climb from sidewa : mc[ e
about 16 feer when the headroom for street tra S
In the same drawing is indicated a metal s:ch,tly nc::)pll:c PUSth
station platform, intended to catch persons \\w\?‘u l“):hilc b
over the edge and enable them to crouch in :.\bc:;y e
passes over. Evidently no passenger can ever be ¢
the trucks or wheels of a monorail train.

TiG. 7
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The principal parts and manner of operation of the monorail
system having been pointed out, some of its advantageous char-
acteristics may be explained. The most important of these relate
to cost, although some other features may have a stronger
popular appeal.

The cars themselves are light and their power requirements
are small. As power is one of the main items of operating cost,
light weight is of great economic importance. Another major
saving due to light cars is in the cost of the structure which
supports them. Again, wear on rails and wheels is lessened by
reduction in live load.

For structural reasons which would require technical expla-
nation, the single-rail tracks and suspended position of trains
make possible a remarkably simple and economical form of
supporting structure. Light cars, advantageous weight distri-
bution due to the wheel spacing, and absence of cross ties and
flooring combine to save steel in the structure.

The structural design is based on arc-welded connections in-
stead of riveted ones. Welding in steel construction is a fairly
recent development which has brought many opportunitics for
reducing cost and increasing stiffness. The design adopted for
the monorail structure is peculiarly responsive to the advan-
tages of welding, and important economies would be lost if the
plans were changed © permit riveted construction. Apart from
cost saving, the welding method eliminates many clumsy and
unsightly connecting pieces and provides smooth surfaces un-
marred by rivet heads. The impossibility of welded joints
working loose is another point in favor of the method. The
welded anchorage of towers to reinforcing steel in the founda-
tions could not be replaced by any riveted equivalent; an
expensive change in the design would be necessary if welding
were not available. Silence is a strong argument for welding as
against riveting.

AT MONORAIL € ORPORATION

Another important saving in first cost ia_ in (hF track. ()an
rail is used instead of two, and that one 1S of lighter section
than those used in subways. On ordinary track under heavy
traffic, the rails must be decp and heavy © bridge the gaps
between Cross ties, and their heads must be of large cross-sec-
tion in order not to require frequent replacement on account of
rapid wearing down on the insid: Monorails are symmetrically
loaded and suffer no grinding action at the sides; they are con-
ers and therefore do not

tinuously supported by wood 0 |
require strength © bridge berween ties. Most of the original
rails of the German line are still in service after 30 years. A
large item of saving is the elimination of cross ties and other

heavy timbers.

The single rail with no adjacent flooring is remarkably easy
for a motorman to watch. Furthermore, accidental obstructions
are most unlikely to lodge on the rail, because in the absence of
nearby supports they would have to be nicely balanced to re-
main in place. Very litele track-walking is needed for adequace
inspection, and re-alignment of rail is not a frequent ot expen-
sive operation.

There are advantages in monorails other than economy, a
very important one being quiet npum(ion. ’:[‘hg driving mechan-
ism and wheels being above the cars, no noise is reﬂcctcd down-
ward by the car bodies as on ordinary elevated railways. Spe-
cial care has been taken t© provide gears of especially quiet
type, to use roller and ball bearings thr‘nugh.m.u, to house the
machinery in a hood with sound absorbing _llnmg, and to pro-
vide a continuous wood sleeper as a cushion under the. rail.
For reasons which will be made clear prcscnrly, zhgc_ns no
lurching of the trucks from side © sidc_und no grinding of
wheels on curves, two sources of much noise on. (wo:rml tracks.
The compnmdvc quietness of mol}omll operation 1S :\.fc:\ru‘rc
to be taken into account in considering the system for residential
districts and business streets of the better class.
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In a owo-rail track, even with very careful maintenance,
slight ups and downs occur in both rails; these irregularities
being accidental, the track is in most places slightly out of level
transversely, one rail being alternately higher and lower than
the other. The effect is to rock the trains, especially at high
speed. Another action is lurching of the trucks right and lefc;
slight imperfections of alignment are suflicient to cause this,
and it can resule also from unsymmetrical brake action and
from the lurching above mentioned. The two motions de-
scribed are exceedingly disagreeable to passengers, cause rapid
wear on track and wheels, and are sometimes scvere enough t©
derail a train. In monorail service, the cause of rocking above
described is absent, and sidewise shifting or “nosing” is pre-
vented by the double-flanged wheels and the close fitting truck
joints. The single rail has all the advantages in the mateer of
smooth riding qualities.

On curves in two-rail track, the axles in each rruck are held
parallel and therefore cannot remain stricely at right angles ©
the track; in other words, the wheels are skewed on the rails,
and the wheel flanges grind against the rail heads if the curva-
ture is sharp. This accounts for the screeching noise heard at
sharp curves, and for part of the high resistance which curves
offer to the passage of trains. Furthermore, the wheels slip on
the rails due to unequal distance along inside and outside rails.
Both effects cause rapid wear of rails and wheels, retard trains
and cause noise. Neither action occurs at all on a monorail.

Very litde has been said about speed, mainly because there
is nothing to be gained in local rapid transic by designing
cquipment for velocities which cannor be attained in the short
intervals between stations. Gears suitable for high free-running
velocity cause slow starting. When distances between stops arc¢
short, the most important factor in quick station-to-station travel
is fast pick-up or acceleration, not high maximum speed. Even
in express scrvice such as is furnished on rapid transit lines of
three or four tracks, very little time can be saved by increasing
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ratio, limitation of degree of curvawre of the line, and some
strengthening of cars and structure. Automatic block signal
which are of course included in the system as proposed for lo
rapid cransit, would be retained without change except t©
lengthen the blocks.

It would be feasible to provide for free-running speed of 150
miles an hour. The air resistance would be very high and would
make it advisable to taper ot stream-line the front and rear of
the train to reduce this retarding force. Very powerful morors
would be required, and they would be geared for high sp!
the expense of acceleration; that is, they would require a aum-
ber of minutes after starting to reach full speed. A non-stop
run of 100 miles would require about 45 minutes if curvarure
and grade were slighe.
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