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NEW YORK 1 ,  N. Y .  

December 31, 1953 

Coverdale & Colpitts 
120 Wall Street 
New York 5, New York 

Gentlemen: 

Transmitted herewith is our report on preliminary design as required 
for estimating purposes, estimates of construction cost and of maintenance and 
operating expenses of a monorail rapid-transit installation over both the longer 
and shorter routes in Los Angeles specified by you. 

Attention is called to the fact that unit costs of operation and main- 
tenance are favorable due to the high intensity of use resulting from the scfled- 
ules proposed. High scheduled speed combined with dense train service over a 
long main line run results in low costs per train mile and per track mile. The 
figures given in the report have been derived from the records of similar and 
successful rapid transit operation adjusted for inherent differences in the two 
services. 

While some structural modifications should be considered in case final 
design is undertaken the first cost figures based upon the preliminary design 
are adequate for the present economic study. 

A few of the preliminary drawings have been included in the report for 
illustrative purposes and to indicate the care with which the estimates were 
prepared. The entire file of drawings is available to you at any time you wish. 

We wish to express our appreciation of the wholehearted cooperation 
received from all members of your staff and the officials of the Metropolitan 
Trans it Authority . 

Very truly yours, 

GIBBS & HILL, Inc . 

/J. B. saxe 
Vice President and 
Chief Engineer 



TABLE OF CONTEMTS 

Page No. ,, , 

s 2 k 3 F @ * * s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

~ ~ ~ Y , . . o o o u * o e u * + p o a a o o e e a o o r r . . r *  1 

P L ~ I  length of Line, Panorama t o  Long Beach 

Es',5ma-~cd F i r s t  Cost of Line 

Es-L;ima%ed F i r s t  Cost of Equipment, e tc .  

Con-bingeilcy 

Es4; imted A,.mlual Cost of Maintenance a n d  Operation 

ShorC,er LLIne , Nor'th Hollywood -to Cmpton 

Es-kiinlated First Cost of L k l e  

EsLiaa5ed F i r s t  Cost of Equipmel~k, e t c .  

Coliltingency 

Estimated Annual Cost of Maintenance a d  Operation 

I ~ B D ~ ~ C T L O B I r . o r * ~ s r c c e . u . a e . . . . . . ~ . . * * r  2 

Honorell 

G325ZAL DESCRIPTION OF LOS ANCrTT.ES PROJF,CT o * e a e . + . e * 

K r 3 m  

sa3ucms 

. . . . . . . . . . . . . . . . . . . . . . . .  Suppor ts .  . 4  

....................... ~ t a t i o n s . .  - 6  

. . . . . . . . . . . . . . . . . . . . . .  Yards and Shops 7 



Page No. 

S)TI.E . . . . . * . *  . , * . . . . . . .  rn . + . . . . g  

PC&VT&2 SWi'I,Y FISTrn . * . . * * . . . . . . . , * * * * , * * * * 10 

SIG?!jIZS!~dmil c .  i. * .  .. -i * .  * .  . . . & .  . . . . . . - .  11 

SC>$g'lgLE ? ? m G m c E  t e Z I V . . . * . . ~ . . . . . ~ b . . ~  12 

yy?, &F (y"jT;TLTj7 kJ,.tla:?. yJr'- ' , . . . D * \ . * . 1 i . . * . . " * * e 12 

;#&-iyV 7 '"' -- 
-AJL! '~~~;L\~L% A&% a?XBATIIE COST a a . a e . e e * * * e u o . r r * 13 

EXHIBITS 

144TTTJ2EiPL?r:s ,vm OPWTIXG -~TT COSTS . . . , , . . . , . . . . . .. a4 

:??L:, LXi~IGTX OF LZNE 

I : ~ t i ~ ; L c d -  Cost. OT ConsPt~-nction . . . e . e r . . . . . 15 

E~-birm;~eLZ Cost of Equipment a d  Fa.cil i t ies . . . , . . . . 16 

';,"0.;~31 E s t i m ~ ~ t e 6  ;'irst Cost . . . . . . . . . . . - . . 1-7 

S3C~RT,k3 TmJG% r3F LINE 

Es??:cdated Cost a~ Construction . . . . . , . . a . . . . . . 18 

,'.:si~5ar;f;ed Gost 0% Eqetipment a d  Facilities . . . . - . 19 

Y(YL.G  Est ima%ect  Psi-st Cost . . . . . . . . . . . . I 20 



:Jnder a contract c o n s ~ t e d  April 15, 1953 Gibbs 6 H i l l ,  Inca has 

prepsred the following es-tim$ea of s Monorail. i n s t a l l a t ion  t o  provide mass 

rtlpl6 t r a n s i t  i n  Eos h g e l e a ,  Califora5.a: 

1, Tb.e estimated cost of cons%ruction of a Monorail l i n e  along 
d x*~?u.%e Iccstion fwnfshed by Coverdale & Colpitts; 

2 ,  The esLLmaP;ed cost of equipment and appurtenances, s ta t ions,  
s h p s  and inspeetion f a c i l i t i e s ,  y ~ z d s ,  power supply, power 
tramsn.f saf on and dist.ributf on system, signals and carss; 

2 'me es-t.imated cost of ntiintafning and operating the system 
based on desired overal l  speeds, frequency of service and 
passenger loa6s from iinforma+,ion furnished by Coverdale h 
Cslpi  c t  s . 

%%e steady sequ;t.fred has develoged the following F i r s t  Cost and Annual 

&.inr.emx 2~ and Opera-king Cost f Lgmes : 

I. For f u l l  Pe2gth of lime, Parnortuna t o  
Long Beach: 

a. Estimated First, Cost sf LLne 
b. Estlna., F'b8t  G U B ~  of Equipment, e t@. 
c . Contingency 
d,  Est2maLed hwa% Cost of MainPle~aance 

:-a2 Opera55.an irzvolvtng 23,7'50,000 
car ~ n i ~ e s / ~ e a -  

2. For $he sBo~-tez. l i n e ,  N ~ s t l t u  EolLywosd t o  
Cwinpton : 

se Eatiana+,ed First Coat s f  Line  
b. Estimated Fir& Cost of Equipment, etc. 
c . Contingency 
5.  Estimated Annual Cost of Maintenance 

and Operation i ~ v ~ l v f n g  19,540,000 
car  r n i l e ~ / ~ e a s  



E,W-%ODGCTIOX 

Monorail rapid %rans i t  was devised as a promising mswer t o  %he need, 

evident In many eomwxltfes, of providing mass rapid tr&usi% In face of exis t -  

ing swface-trafffc  congestfon and of the high costs  of C t e r n a t e  foma of rapid 

t x a ~ i % ~  notably the subwayl I n  most instances, hi& speed movement of %me 

mass-%reknrsportation vehicles on the surface fs impossible because of interfer-  

ence from other t r a f f i c  using the same a ~ t e x l e s .  The cost us-aiLl.y bvo%ved f o r  

sui%able pr ivate  rights-of-way on the surface would be prohibit.ive. A subway, 

of cvaee ,  provides the pr ivate  right-of-way a d  elfanbates the hbdx.mce of 

moveerieks-t from competbg t r a f f i c .  It is, therefore, an admirable solution I n  

a l l  respects, except that of cost. V e r y  few, i f  any communities e m  s q g o r t  

%In38 bm2en even when the population served is very dense and r iding re la t ive ly  

%aifolp~ tkrou&o~% a large par t  of the day, 

TtFanen both surface and sub-surface solutions ase mavlzi9_ableB f,he only 

resor t  is t o  go above the surface. I n  the past t h i s  has involved. the "ele~mted", 

an air-less, Sight-less, near-tunnel, over a s t r e e t  c lut tered by two or agc7re rows 

of supporting s-Grue$wes and szrrromded by a din of noise. The elevaked aid 

gsovic'ie %be a e s b e d  private righ%-of-way and as a form of transportation cova%d 

be sa%isfaebory. Its cost was, re la t fve  t o  the subway, a s tep in the right 

direction. 

StatsYting *om .the elevated, the problem 1s t o  s t r i p  8my its objection- 

d31a Pea3wes and i~lrprove i t s  be t t e r  ones with the aid of" modern technfe:oA pro- 

gress,  Monorail fa; the resu l t ing  answer. 

The more or  l e s s  conventional roadbed of the elevated, its t i e s ,  arzd 

rails, are reduced t o  a single longitudinal supporting member of s-t~-,-eng%h and 

stiffness adequate t o  support the equipment, and within this limitation, of 



- 3 - 
t'kne smdlesc dinensions possible, 3 5 , s  member, being placed above '&he -=, 
the n s m l  elera-anee the gro?.mil surface is inereasea ten o r  Lwelve  feet, 

This re1ationahBp bn coniblmtion wit;%, the amall  aaomt of l%&% -,a;% -:sff, even 

by s "two %racke' Lines restores %he space below It to the out-of-doors -At%aont 

i n s ' r e ~ 6 ~ g  appreciably %he usual s t r ee t  noise, 330th the sicgle aa:d dazzfale 

t rack  arrwgemen%s of members r e q u r e  only a single row 0% ehs>ms preseaa+,bg 

a LSmited emT%:e obatraction, I n  fact., whatever obstrue%i~,? i s  +avo:ved 

bealromea almost n~gPigi 'ble ?&en c o b m a  w e  placed i n  %he center dfarls&on g m -  

trided 2x1 most hp0rt.m-t riew hi&mys. 

G- D E S ~ ~ X O N  OF LOS mGEI,ES PROJECT 

The rome f3r &5c%; cost studies have been prepared extends app~ax- 

d.mLe%y 45 wiles from s terminal e%a%ion a% the north end of Tan Nqys BmLbe~ard. 

.+- ~LV,CW z, Wo=lsc.oe Eoulevwil t3 a asfsalltxx station at the  soukhzm end on ~ e r i " : ~ ~  

BoLPffevwd 8% Bro&dmy in Lorg Beach, Snort %urn-arotmd, Loop fa~ij i%ties  extend 

beyond bskki %amin& at&tio~a, The enxire opesation is above ground except 

f o r  a short  t.arme$, slf&+,ly over two miles i n  length, mder E i U  %seetb, 

d 0 r n t 3 - g ~  LOS &gePes. Fan-around facilities are a lso  psov5ded at e2ther end 

of the ",zmeP seetion, and adJaeer~% t o  North Hsl1ywad and Caq%on. 

Along Van Rqys Boulevard, %he sks-zturea oeclqy the center a," the 

wLde k k c i r o ~ ~ W ~ ? ~  f r c m  w k ~ P ~ h  a t u n  is made onto grfvaGe right-of-wdy i~ tb.o 

center af" Chandler Wu~fLevard, kegiving the Patter boePPe'trar5, the l ine  %ma sJ..ong 

VfnePand livemeto a aeeond section of private right-32-way in %he center o f  

Cahwnga Pass ,Freeway, 1% leaves t b l s  ri&t-sf-way 8% a point *ere f2ee-m~ 

cona%ruct~ona in%erferes and passes vla H i m a n d  Avenue %o Sunset Bot&elraz5t, 

Loc~~terP along the prev3,0us two track s t r e e t  car route, the line Sollows S z s e t  

Eo-iLe-mzd %a the vfcini+,y of" the old HILL S t ree t  intersec%ion, A t  this point 



the ro-ute swings across She Eollywood Freeway and in to  a tunnel. extending under 

H i l l  Street  t o  Wgzshington BoeiLevard, Thence it cuts  across t o  Broadway, run-. 

ning even%Wly in to  W i n  St ree t  which i s  followed u n t i l  the r ~ u t e  ta rns  onto 

Florence Avenue, across which it runs east  t o  Pacific Boulevard. Running soi~%ki 

on this thoroughfare, the  l i n e  moves over t o  Long Beach Boulevard, which together 

with American Avenue provides the route in to  Long Beach, 

SmT3cT"mS 

The s tructure is,  i n  general, supported by a single row of c o k m s  

located i n  the center of pr ivate  right-of-way where available or d t e r a a t e l y  i n  

the midue of s t r ee t s .  Each column, res t ing  on a concrete foundation adequate 

t o  ~ ~ t h s t a n d  the  overturning moments imposed upon it, terminates at the xpper 

end in a transverse double bracket member, supporting two longitudinrzl girders.  

E;ach Isngbitudinal girder, provided with expansion joints at, suitable En%ervds, 

forms a eoaatinuous r a i l  support from one end of the l i n e  t o  the other. 

A single runnbing rail, f o r  the form of monorail used as the basis  f o r  

cos t  es%imtes ,  i s  fastened on top of the longitudinal girder, res t ing  upon a 

r e s i l i e ~ t ,  sound-deadening material. A t  expansion joints i n  the supporting 

girder, mitre-Joints i n  the rai l  are provided t o  preserve a smooth-suing 

surface, f r e e  of usual r a i l - jo in t  clicking. m e n  actual  design i s  undertaken 

cer ta in  a l te rna te  f o m s  of construction should be examined. One sf these, 

cana-&itutl.ng a change i n  physical form, i s  t o  arrange the trucks and supporting 

girders  so tha t  the truck runs inside the girder,  possibly on pneumatic t i r e s .  

While t h i s  arrangement would probably increase the cost of supporting struc- 

tures  asnd girders  approximately 15 per cent, it presents of fse t t ing  advantages 

i n  cost of s&way ins t a l l a t ion  and more convenient switching. Further invest i -  

gation of the feasibility and economy of pre-stressed concrete structures is 



a l s o  warrantedo 

Each of t he  %wo t rucks  supporting each ca r  i s  provided with two 

double-flanged wheels. A l l  propulsion motors and equipment a r e  mounted i n  t h e  

trucks, kfhich r i d e  above the  running ra i l  surface.\ The ca r  body runs below tkie 

supporting g$rder and i s  supported by a hanger-arm from each t ruck  f n  such a 

way t h a t  t h e  center  of gravi ty  of t he  un i t  of r o l l i n g  stock is d i r e c t l y  below 

the  sa3.l- 

Side clearances a r e  provided t o  permit sway of t h e  car  bad1 i n  passing 

around ew.rves o r  due t o  t ransverse  wind-loading. I n  t h e  former ~ a s e ,  the car 

asaurriea a pos i t ion  of equilibrium between cen t r i fuga l  and g rav i ta t iona l  forces  

leading t o  t he  ea s i e s t  passage around curves and t o  g rea te r  passenger confort .  

The maxiglwn sway provided f o r ,  r e s u l t s  from the  extrene condftiori of a steady 

t ransverse  wind loading on t he  s ide  of the  car equivalent t o  a sustained wind 

vel-oefty of 70 miles per how.  Under t h i s  condition, t he  displacement of the 

0 
c a r  i s  12 4 0 ~ r o m  the  v e r t i c a l .  Speed r e s t r i c t i o n s  on curves are established, 

md emfcreed by automatic speed control ,  t o  keep t h e  sway on curves w - i t k 1 i 3  t h i s  

same lrmit of displacement. 

A$1 pa s t s  of t he  s t r uc tu r e  a r e  designed t o  e t h s t a n d  earthquake shock 

of an aecelera t ion equal  t o  0,2g, o r  20 per cent of t he  r a t e  of accelera t ion due 

to gravi ty .  

D u e  t o  t he  presence of the  hanger arms between t rucks  and ca r  bodies, 

t r a ck  switches necessar i ly  d i f f e r  from conventional r a i l - l i n e  switches. For 

straight-through movement space between the  tangent g i rder  and t h a t  f o r  the  

turn-off ,  must be provided f o r  passage of the  hanger arms. This is  very simply 

accomplished by arranging a length  of the  g i rder  support as a 180 degree r o t a t -  

i ng  block turning around a longi tudinal  axis. I n  one pos i t ion  it places a 
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tangent rail, i n  &LP%gment with adjacent atrafght-%kkkoPxg;Y1 rails, Idhen rotated. 

over, a curved rail on the oppos%te surface matches with m e  adgacent tangerr% 

r a f l  and wit$.  %he curved turnout rall ,  so bridging the gap between stationary 

suppartfng m3mbers. Movemen% is prov"6ed by dual. motor driving meehmisaas, so 

aUow5ng fo r  remote control analogous t o  convent&onal swltch mcb'  ~ n e s .  

The ve r t i ca l  d$mensions of the supporting structure provide 16 f e e t  

e lear  betmen the bottom of cars  and the surface of s t r e e t s  or  ground below, 

The under surface of the supporting girders ape approximately ten  a d  a half 

fee? above tk .e  16 foot  clearance l i n e  o r  s l ight ly  over 26 f e e t  above a road 

s w f s r e .  Being at  such height and of re la t fve ly  ,mal?, dfmer,siar,s, the girders 

earmot approach tk.,e e f fec t  of a nearly sobid roadbed a% a sixteen fco& clew- 

height Pn obstructing a i r  and l igh t  above the s t r e e t  and fn re f lec t ing  Zraffic 

noises, nor do they come nearly as close t o  strw-bwu~es on $bxttlng property, 

A number of vwying s ta t ion  arrangements w e  possible, some of them 

making use of property adgacent t o  the s t r e e t ,  Such solutions m e ,  hawever, 

special  cnses, generally applicable i n  only a few locations. S%nce %he l i n e  

runs 2tr genera2 down the center of s s t r e e t  or private rf@C,-of-my, the leas% 
1 

carepli.c?a'r,9sn 3s Involved by placing the s tat ions i n  the saw IoeatFon, 

Each statSon m u s t  provide space f o r  a change booth, 6,uamatiles =d 

0 t h ~  gemerd f a c i l i t i  es,  e t h  convenient access $0 an& from the s t r ee t  l eve l  

and the  t r a i n  platform, In the case of ten  sta",fons, the l a t t e r  is placed 

between %he inbound m d  outbound routes by somewhat spreading the  space between 

supporting girders. The f a r e  col lect ing f a c i l i t i e s  a re  placed below the p la t -  

form l eve l  as t h i s  arrangement avoids r e s t r i c t ing  space f o r  f r e e  passenger 

movement on the platform and permits access t o  the platform by s t a i m y e  head- 

ing outward toward the ends of the platform so resu l t ing  i n  convenient 



passenger dis ts ibxt ion,  Tais mezzanfne level  can be suppc~ted on %he ;%at? rav  

of eolzasans as the main struct7.ue, by ineressing t he  us,m9 girder he fgh~  suf-  

f j c ien t ly  t o  preserve the standard 16 foot elemmee  fro^ the rnez~anlne tc the 

street.  

I T  appears lendesirabie t o  provide access t o  the mezzan$ne level fram 

the center of the s%reet due t o  the t r a f f i c  hazard of concentrating pedestrian 

travel t o  and from sidewalks i n  She v ic in i ty  of s ta t ionso  Znsfend, faot-bridges 

armss the s t r ee t  ax both ends of the mezz&nfne l eve l  and four s t a l r ~ ~ ~ y e  L:I 

sidewalk level are provided. Tgo of these stairways are  eq~fipped w t t h  nov.:ng 

staf rs , 

It is cansidered that both the prof i le  =d downtawm trsffSl? eonditLons, 

under which even a single POW of supporting colsrmns v o d d  be " m d e ~ i r ~ ~ l e ,  I r ~ d i -  

cbte a tunnel mder a p p r o x i ~ t e i y  two miles of H i l l  S t ree t ,  This t~d~vlel seetion 

ineiudea two statfons,  one serving the Civic  Cenfer and oze st Sevens3 S5reet. 

In t-38~8 s ta t ions  passenger platforms are  proviaed oat;sf4e the two-track GFPCZ 

%n order to f a c i l i t a t e  convenient staSrways $0 the surface without forpang tho 

con&truction deeper in to  the gorand as would be required by a a e ~ z ~ i ~ e  Il>evelo 

A d j a e e ~ t  l-o all except downto-m sta-tisna, parking rat facilities are 

provTdea f o r  the convenience of patrons w i n g  their own cars, rather  than feeder 

buses or  ~ B f n g  t o  reach the s t s t ion ,  

Storage yards and shops f o r  inspectfon and mafn-t,eumce a r e  grovideS 

at %we koca%fons, on %he northern end Just off Chandler Bs*d,evwd new Wooban 

Avenue and 84; the soaatknern end just off Long Beach Boulevard betwen Soap%m 
a 

Boulevard and S m  Anton50 Drive, For the  45 mile in s t a l l a t ion  eazh storage yard 

has t en  t racks each capabbe of s tor ing LO c a r s ,  T h e e  addl",fon&L Srscks of 

th i r teen  car capac%%y m e  provided f o r  cap cleaning and l i g h t  inspection. A l l  



o f  these tracks a r e  a;f ,  a Lower heighi than on the mic l i n e  so providing ea8y 

&csceae t.3 e a r  fnt-%T$OPB from gro~md level ,  Each yard i s  provided Kith an 82ato- 

m a t  fc car m s h e ~  .t,ksug%s. which caps  w-2Ll pass between cleaning and a%&% %riapee- 

Lion t r%cks w.d the storage area, FL Y- the shorLer instdalat50n, be t - ,wee~ North 

Hollpood and Compton the m b e r  of storage t ~ a c k a  and yard capacity axe reduced 

i n  proportion t o  the number of cars  r e q ~ i r e d ,  

Bat5 inspection and mln't,enmce shops w e  prov",ed with ectrered t racks 

long encugltl for $hk"ee C= %rs;ins. The southern shop, dea%giated t o  handle pey- 

iodie and heavy repsirs has EWO esaeks for such vork a d  t w o  more fo r  hewy 

inspection md iubricaticn, m e s e  t x o  rracks can a l s o  be for heavy repairs 

ff requiredo The northern shop i s  designed with two tracks f o r  heavy i~speetion 

and one for Big%+, repairs ,  Wo%h shops have off ice and repaSr shop areas for 

bra&, 99"fve, m d  zontsol  eqU5pmen.t repalrs  and f o r  rnok,0r 0vek"h~u.L 4% this Patter  

w ~ r k  l e  no% hmdked on a contract baafa by gtn su'eside servlce chop, 

-%ranee to and departure from the ywda 9,s prsfided t o  or f o m  b3%h 

isn%,cu-pad =d outbound direc-klons on the Lfne. Track faefhities required for Zbis 

f e s h r o  m y  a R ~ o  be ~ s e d  f o r  $-arnfng b,ra$ns short of t1k.s r,en:',~lal st&%ons when 

aaiding does na";usatffy the f P x a i  rean, 

The e m s  are  t o  be Ii&tweigh%, double truck mTts, appsoxb,rraately 

50 fee% Lofig mid seating approxlm%$ely 67 persons clepending on the mangeaent 

of seats fisro8Ly adop%ed, The body, of semi-monocoque eonstructfon w i l l  have 

two l m g e  slldfng doors on each side, new the quarterpoints of the ccr, %e 

fae%l,f%atqe sapid loading ad. ~ o a ~ n g o  Inter-complllisa-t,ing doors f o r  eaer- 

gency w e  prsv%ded $n the ends of %he car, A l l  cars m e  i d e n t f s d  except 



t a b %  prop0~t$03 of the  k39E~a! SQ.U~BP~ t , ~  be usaii as Lea6 z w s ,  wiPL 'kqe a 

s t r e d i n e d  coac and be equ%pp& wftt a colmtral posi%fon for %PS~L o p r a t i o n  

and %ke mzassary automtic speed control apparatdia, Fra%Biw cars all be 

eq~ipge& W L %  a a&$f$eEB ~ontrol S $ W L * Q ~  for bnBb%rg %M pr&s and sw%%a,hfw 

to mke up trains, 

Wains cons8sffng of one lead ear a d  one to seven %ra%lLw units 

\ can ke operated,, 1% corasis$enk with estfmatea of riding, aenaf-p~a@nent 

~ o u p 9 1 q  0% cars i n  pairs %s advantageouso i 
Eaclr of f'ae &WO Y'?%c~S C a r  Mu have -&YO 3 2 - i n ~ h  ?1,8~zbh-f%a%eeb 

wheele mo~mted ~Sngly am each 0% %he two axles, The axles w i l l .  also carry a 

rig%% augXe gem box am3 a &%sc type brake an& wiPB m n  in roUer bearfngs 

s ~pparCf 2% Kle $f gh%we%gh'P; welded tmek frame. 

Yaek t m x k  frme wT%P carry two propuleion mo%or assemb%fest &%-rLng 

%'I-~rougk- &aa'k?le u n P v ~ r a a l  johie. propeller shafts, brake and cogr%rok egw%per&$ 

an% @.wren% coUection &ev%ces, WO p~gspuBsfoe power tzireni%s sr &pgara%us are 

locaW&d i~ t ke  car '~ocly %n =the %n%ere~% 0% 1~bin~tainBng simpP%e%%y and $0 avoid= 

aE2T %n2~b~6bb %E v ~ P $ ' % c ~ X  &-El~%~g"r8 whk?ki W W P ~  .%bn %UZ~ ~ b ~ % f % ' e  P P " % ~ P O ~ P % % O W % C ~ ~  

Blgber supper t 1% s t m . ~  W e 5  t&m~gkcw; the i n s $ a D t i o n .  

Each af the faux propulsion motor as~emb%%es per car  eonsiata of a 

BOO I%orsepomr three ph~ae, al-,armtfng cumen% squirrel-cage iac%ue%3on type 

mwkor, which f s rig%Uy boltedl a, hydrmPf~ torque-~on~~erter .  Taig coMb%na- 

t ion  p s m i t a  %he inthe%% on mo$or to some up %o  pee& veq  rap%&ly becmse 

%he ~6nvca~ te r  does mt exert %ts ~~ drag on the motor ant81 the latter 

reaches s speed w%thffn B t a  desira'BPLe operating rawe, approxW%ely 87.5 per 

cent of spcT,'~p~anous speed ant3 w e l l  above the point of 9areakQeom torque. The 

me% asasulf~ sf the ~gl~nbfaecl ~lm.ra~*rf&t$f~8 i~ to provide an ex%reme%,-y smool$h, 
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hfsh r s t e  of acceleration in vehicle speed practically 'up %o c~eki.cle b%hncing 

speea, It pzmits  use of %he very rugged squirrel-cage ty-pe of motor and 

complete elkmination 02 al%ernating-%o direct-current roadside coilversion 

equapmen-t, and i%s corresponding invea t m n t .  

The m t o r  anding i s  arranged for  f u l l  and half' specha comectforos by 

mema of" a cam g r o q  switch, wMch together -with a main switch e o n s t i t ~ t e s  

a l l  the eon'brol equipment required. The hall? speed comectfon is wed only for  

r.-duced speed a%ulwhg. Moml, accelerations are made in the single high speed 

comectlon, thus eUlgbating "transitions" during accelara t io~.  Because the 

lower, half-speed, shaft input speed t o  the converter also reduces the latt%rgs 

t o r q u ~  milbP,kplSca%ion factor, the res%rPti,ng acceleration is also ~ukt~able fcr 

ya-d and E%%-txhing movements, 

Revers2 mo%~emen%, a l so  at a reduced rate sf aceelera t io~,  is o%%aimd 

vithout gzsr-- by reversal of %kde dsiving motor direction of rotBtion0 

POWER ST..PieIi S'J6Sm 

Tbme-phase, 60-cycle, alternating cmez . t  a t  23W volts f s deXfvereO 

to the cays by using a dual - i r e  contact systsm and the m i n g  r a i l  a.s %b.e 

%bela p k ~ s e  e m d u @ t ~ ~ a .  mesgy is supplied th i s  dis%ribiatisr, system from 

s i q l ? .  ~ ' t a t ~ i o ~ ~ a r y  %=sf o m r  m f  t-s~;i%Sstations located ixi parking lo t s  ad,jacent. 

%o paspenger s ~ % i o n s .  To b.suse continuity of" supply, each substa%isa3 is fed 

over two independent supply Ifaes by the u t i l i t y  in whose area the subs-bP,iola 

is located, The asubstatfon i t se l f  i s  provided with %&TO step-down t sans f~mera .  

In case sf outage of a supply line or a tm11~fomer, the remaining unit, wLth 
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applicatisn is involved; on curves of moderate radius, power i s  cut off and 

br&kLng Ini t ia ted,  I n  t h e  case of sharp curves, such as  ex i s t  on terminal loops, 

the motor c ~ n t r s l  w i l l  be prevented from operating tjne motors i n  =y bat the 

lower speed connection, sappiementary t o  braking action i f  required. 

P t  5s eonaldered t h a t  the s ignai  and speed control systean provides 

maximian, safety cf operation, especially as  it requ2res only features already 

prove? %n actual service. 

S@rnTi?LE; PERF"0Mrn 

'me car equipments will have a scheduled speed, tLaL fs overa2.l average 

speed Inchding  stop time at sixteen intermediate s$ationa and seduced speed 

oprsaf-ian on severe curves, of 51. miles per houro The running time fsm temfna l  

t o  te rn ine l  Qver the k? mile route i s  66 minutes. Tke scheduled speed depends 

pzir-igal2y on t 3 e  r a t e s  of acceleration and braking, which. are the mixTw~zn eon- 

~ S ~ % e n t ~  w$h avaflable adhesion at the r a d l ,  and passenger i.omfort; artd olz the 

balmc.5ng, r ~ -  free-rumi-ag speed, i n  t h f s  case, 60 miles per Izoy-cr. Mith s t h i o n  

at;c)ps av.=rag:ng 2.8 miles apart: a subs tan t i&~y  higher bbalanci~g speed ~rh31d.d be 

less ec.snomica.I as %% would baely be attained before braking fo r  t%;e n e n  s t s t i ~ n  

s50p vt~uld =ommenee. " kwer  balancing speed wodd grabably be an adyerse 

psy~~c lcg ics3 ,  f sc to r  i n  view of prevalent speeds on f r e e ~ z - ~ s .  

'TTME 3F COHSap;9YCTION 

The eonstrsnction sched.de f o r  the  en t i re  system i s  a functjsn of several 

factors ,  She ms% i m p ~ r t a n t  of which would be the time required f o r  deterairat ion 

of concept, design, srrpply and fabricat ion of the s t e e l  shapes and platn and the 

constrw%ion of the subway section, It is f e l t  t ha t  a period of s ix  mo~ths w i l l  

Be required a f t e r  award of contract t o  study the f i n a l  routing, and crystaJl ize  
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the design precepts, The actual  design development would be accomplfshed i n  

the ensuing yew but m i l l  orders fo r  both Monorail and subway s t e e l  could be 

placed i n  the interim so tha t  construction might be s ta r ted  a% the end of t h i s  

period. Because higher speeds a re  contemplated f o r  Los Angeles than experienced 

i n  any previous sfmilax instahlat ion it i s  recommended an i n i t i a l  section one or 

one and s half miles Long be Instal led fo r  advance t e s t ing  purposes before a l l  

de ta i l s  f o r  the en t i r e  project are released fo r  construction. 

It i s  estimated t h a t  the construction of tbe subway section ~5.11 require 

t h f r t y  monl;hs and +,hat dl work involved i n  the construction of the remainder of 

%he M~noraEl sys;+,em can be completed wlethin t h i s  t i m e .  Construetion would be 

perfoxvied simultaneously i n  the several sections i n  order t o  reduce the o v e r d l  

time requirements. It i s  anticipated t h a t  the en t i r e  system could be completed 

witb5n four years &%er award of contract,  

M m m m  AND OPWATIRG COSTS 

The uni t  costs of maintenance, operattng and power costs  ta.bzalat;ed 

below, were estima;ted ezfter careful compaxison of the proposed service with an 

ef f ic ien t ,  comparable operation. They are based upon an annual ca r  mileage f a r  

the f u l l  length of the system of 23,750,000, indicated by others,  a s  r e q a r e d  

f o r  the expected riding. It should be noted t h a t  the in tens i ty  of use of the 

proposed sexvice is high, t ha t  i s  the miles per car per year, the a n r d % d  car- 

miles per t rack mile and the  cars  per hour per t rack mile d.1 are high. Such 

f igures  a re  inheren% i n  a fast and frequent service over a straight-away main 

l%ne of considerable length. 

Respectfully submitted, 

GIBBS & HILL, Inc. 

E. H. Anson 
Vice President 



E X H I B I T S  



WmmrJCE AND OPEBATING TmIT COSTS 

MaAntemnce ---- - . Way 4 S%nc&laraa - Annual Cost 

Per Car Mkle 

P ~ P  Car Mf le 

Oprat8rsg Expense - Annual Cost -- 
Per Car Nile 

General A h %  an$stra%%ve 6 os$ - Annual - -- 
Per Car MPBe 

Power 

Per Car Mile 

Totpal Msa$nkmnee, Qperating~ Power &, 
~dmirniT%ra%f ve @ 05 t a  - ~n&al 

Per Car M%le 

$ P,220,000. 

5.144 

$ 1>750,00O* 

7.37# 

$ 2,426,800. 

no. 22qi 

$ 8 7 ' 5 9 ~ ~ 0 -  

3 0 68# 

$ 1,750, QOQ. 

7 *36# 





Pancar- %o Long Beach 

2 .  Es.$$aa&ed Cost of Equipmen% and Appw%enances, Sbt%ons,  
Shops and Inspection Faci l i t ies ,  Yards, Power Supply, 
Power Wanem%seion and DPatri.bu%ism Systems, Signals 
and Cars 

a .  Passenger S t a t f  one (except ssubway) 

B, Subway Stations (tunnel s%ruc.$uare not %ncfud%d) 

c ,  Scheduled Repair Shop 

6 Ruppgh%ng Repair Shop 

a ,  Parking Lots at G$a%ione 

f ,  Lana Acqu$s;BtBon f o r  Parking Lots, Storage Yards 
(no p r ~ ~ % s % o n  for  R//W property) 

g . Soua%hern Storage Yard 

B, lEBor%hexan Storage Y m B  

g o  8ugervfstion during construction 1 
Field Engineers and Inspee%ors 
F%efd Survey Crews 1 
Fsscwernent of material and equipment) 

P. Expewes f o r  prw84~ing property 

e; ., FurnBshings andl equIbpment f o r  AutBority's general 
arid a&niEn%s%ra.$ion off tees 

to  Bkcfng equipment Paa operation and trainfng personnel 

Total 



Panorama to  Long Beach 

3.  @on%in~ene%es, (BOT including Escaht-Bon pro- 
hetiol[bb b l u e  of R/W property, Property Taxes 
depr8~g c o w h c  tion, Legal expenses, Expense 
of Autborftygs personnel during corwtmction) 

4, BssPs of Est%PMlkx Labor and material estimstes 
are basedl upon prices as of December 1953 and %be 
former on the basis of a 40 hour week at  straight- 
time. As f a r  as can be determined no royalties 
are pamble on any p a r t  of the bask concept of 
the monorail 

Total Estimated F i r s t  Cost 



North XoPEywood t o  Comptoa 

1. Estimated cost  of Construction 

a. Supporting Structures Pmluding Giraers and Rail  for 
Main Route, Turn Arounds a& Terminal Loops (exclusive 
of' Line Switches, Twine1 Seetfon, Storage Yard Access 
Trackage anib Storage yards) 

b e  Foundations and Anchor Bolts 

c. Speefal Fovlndations fo r  Freeway and River Channel 
Crossings 

d, R.eta5nin.g Walls, Drainage, FencSng, etrC. for Turn- 
around a t  Washington Blvd. 

e. Subway Sectton, Supporting Structures, Girders and 
Addition f o r  Foumdatiorae - "Monorail Fac i l i t i e s  ONLY" 

Pe  Lhne Switkbes with Supporting Structures and Founda- 
t tons 

kn, Traffic Islands i n  S t ree t s  fo r  Pro-kctiorn of Columns 

j. Elisnina.t;iori of UnBerground Interferences 

k. Sub-soil E n ~ e a t b g a t i o ~  

I-. Subway Strrackre 



Xmpc %$on Factlbi$%e~, Tards, Bemr Supplys F Q = ~  Transiission and 
IXP$&rfbultion System, Signals and Cars 

a, Paaeaqer  8taP;Ssns (except subway) $ 2,243,200. 

f ., Isat2 Acq~~$sS",oaa, lor ParkPag Lots, 9t~rage Yards aria 
Saib 8$at%ons (no psovtoien fo r  R/W property) 2,046,980. 

g ,  Southern Storage Pard 2, 457,666. 

1, C a r s  197 @ $80,000. each 9,360,000. 

p.  Sxapervksbon efp.rfyag ccanstmctioan 
Field Engineers and Inspectors 

1 
Field Survey Crews 

1 
1 

Procurement. of mbrf a1 and equipment) 

r, Ex-en~es %or procuring property 

ea,  l?wnisBfngs and equipment for Atsthor-bty's general sazd 
administratian s%bises 1061,00Q0 

to PBacPnag equ1pmn8, in operation and trafnlng personnel 290,000. 

To%al $360 170,5577 



SHOETEB mGm OF LIME 

dJosth Hollywood to Compton 

3. Contfngencies ( ~ 0 %  including Escalation protectf on, 
Value of R/W property, Property ta.ces during construc- 
%ion, Legd expenses, Expense of Authorityqs personnel 
during construction. ) 

4. Basis of Estimate: Labor and material estfmates 
are based upon prices as of December 1953 and the 
former on the basis of a 40-how week at straight 
timea As far as can be determined no royalties ape 
payable on the basic eoncept of the Honorail. 

Totd Estimated First Cost 
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STATION EZEVATION AMD SECTIONS 



ELEVATIONS - SECTIONS 



STATION PLANS AND ARRANGF34ENT 



j t r l r  * 0 '  

NOTE 
N O T E S  . H D W N  ON P L A N  1 F  Z O N E  C -  APPLY 

1 0  ZONES'" i B L X C t P T  45 N O T E D  A N D  
SHOWN ON L,UO"ND L L V L L  2T "TON 

T I F L  I - ON i T C L i T  iT*T,ONS 
WID bARi11195 

T I F F  -e ( ' O F F  57r7EE7 i T l T O U 5  
WlD,VlD,NG samitiri(5 

I r r L  d2. or, S T R t i i  571710n5 
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T I P F  c I V B C A I  STATIONS 
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A' i l A l 7 E  " lF. l ldN6 '/1;E-, FI",,? MOYUTlNe 
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PLANS 8 LIGIiTING LAYOUT 

STATION 'A' 



P L A T E S  



P r i n t e d  b y  

G E O .  R .  T H O R N T O N  L i t h o g r a p h  C o m p a n y  
406 S o u t h  S p r i n g  S t r e e t  L o s  A n g e l e s  C a l i f .  


