




System Type : MM%IC tWi3PEl'iDED 

T"'C\ ~ < ~ i ~ ~ ~ - i i  : Maschinenfabrik 
Augsburg-maberg 

Existing 
I n s t a l l a t i o ~ ~ :  Wupprtal Line 

Type of Use : Far LAMTA Overhead * . . . . . . 
and Underground. 

Qevelopment Moaif 5cd c ~ i s t i n g  
Engineering: l i n e  tt,w~dc?es%@. 

Power System: Direct current. 

Propulsion : Direct current. 

Running Gear: Double flanged s tee l  
wheel. 

Guidance : - -rent guiding, no 
guide wheels necessary. 

of Switch: special switch, not 
developed. 

&sign s p e d :  56 miles per hour, 

Subxitted Substantially complete 
Swff'ic ient design and specifica- .. 
Infomiat in? : 4 -: c-:7s , 

Ref erenee Bocurnented description 
Material of triple-car suspen- 
8ubmitted or sion railway unit With 
on Had: L&EA questioa.naire 

fully answered and dated 
(~ecember 10, 1959). 

System Description 

The system is the asymmetrical type, The single rail is  mmted  on a pre- 
stressed single concrete beam. a c h  car has tw trucks with two tandem 
s tee l  duuble flanged wheels. 

The D.C. e lectr ic motors axe geared t o  the wheels and the c m i e r  truek is 
provided with a ba l l  seat to  carry its piortian of the ear weight, The c w  
couplers are attached t o  vertical weight carriers  artd.swiveled ta a l low 
far ease of negutiathg cwves.. 



The 8tlspnsion i~ pure pendtrJ,um type witbut  any restraint  ernd is self- 
damping %n action. 

w !l%e undergide of the concrete beam i s  provided with a ra$lo Its function 
is t o  lira%% the car oscillation along the transverse ~LELIE on gositive 
stops. 

System Evaluation 

The asymetrfc =norail concept is aot suited to application in a complex 
rapid txansi* system rsuch as is projected for the b s  hge le s  wea. 

The aspmetric feature precludes reasonable accamplishment of necessary 
operationab ~ c t i o n s  such as cross-overs, turnbacks tmd other switching 
f u ~ ~ t i c m s ,  w%tbut the provision of extensive, costly, daplleate ~~~~~~~e. 

The t ra in  consists of three cars with capacity of 300 s t adees  and 1.84 seated 
passengeTs, Estimted three-cw t ra in  weight, wlth equi~mnt ,  is 55 ton8 
(121,000 lbs . ) 
The car Bodies are suspended froa nC'' frames on spring mounted spherical bear- 
ings i n  %& trzzcks, The springs are rubBer munt;ed to  r-g noise. 

The ZPUCks me eqptpped w&th disc brakes a d  electr5.c track br&es. Dynamic 
braking 2s the p r a  brake. The disc brake actuated by spriag is the wcond- 
&PY brake used far  parking* Eand braking is possible through the use of the 
disc brake system. 

In addition, a mamet rail brake w A U  be provided t o  ensure f a s t  deceleration. 
This bY&e w$lb be energized by BhttF;ry @wren%. A l l  braMtlg; WLU. be arranged 
to opemtc by autaaatic electronic control, 

Trmh are smpesdea on a p&r af' tandem s tee l  w h e e l s .  The wbeeLs are rubber 
muated at the hubs to reduce t r w t i a n  noise. m e l a  are 31-l/2 inchee dia- 
mtex on tread. Them w e  eight e lect r ic  mtors,  each 100 El? p ~ r  t ra in  sf 
t&ee cws. 

The t r a n s a s s b n  gears we fu l ly enclosed ~pr i ra l  bevel. gems, The wheels 
Tun on rubber mmLed standaxd ral ,  Mtkr reducing the traction xoisc . 

ED farther camideratian should hc gTvea to this proposal for application i n  
the service wea. 



Type of System: -- 

System - : 

Eaia%;lizg 
1r.s.Lalla-L ions : - 
Type - of Use: 

D e b  elopment 
En&.;-neering : 

Power System : 

Prcpulsion : 

Running Gear: 

Guidance : 

Type of Switch : 

Design Speed: 

Submitted 
Suff ic ient  
Information : 

Reference 
Material 
Submitted o r  
on Hand: 

ASYMMETRIC SUSPENDED 
MONORAIL - 

Goodell Monorail - 
Western Division' 

D ~ ~ l l a s ,  Texas - 
f a i r  a t t rac t ion .  

Foruse LAMTA over- 
head system. 

Elec t r ic  o r  combus- 
t i on  engine. 

Not specified.  

Pneumatic rubber t i r e s  
by Michelin. 

Pneumatic rubber 
guide wheels. 

Special switch under 
development. 

80 miles per  hour. 

Insuff ic ient  infor-  
mat ion. 

Goodell Monorail four- 
page brochure; photos 
of a r t i s t s '  drawings. 

System Description 

A t r iangular  beam of pre-stressed concrete supports dual t r ac t ion  wheels. Car i s  
suspended from the trucks and i s  mounted on b a l l  jo int  pad. Two s e t s  of l a t e r a l  
s tab i l iz ing  wheels engage the s ides  of the  r a i l .  The propulsion motors a re  mounted 
on a yoke which is attached t o  the  top of car. 

The system is  of t he  asymmetric o r  c l a s s i ca l  monorail type, i n  which the  car body 
w i s  connected t o  the  trucks o r  bogies by hanger arms located t o  one s ide of the  sup- 

I 
porting beam. 



System Evaluation 

The asymmetric monorail concept is not sui ted t o  applfcatian i n  a complex rapid 
t r a n s i t  system, such as is projected f o r  the  Lo6 Angeles area. The asymmetric 
feature precludes reasonable accomplishment o r  necessary operational functions 
such as cross-over, turnbacks and other switching functions, without the  provi- 
sion of extensive, costly, duplicate structures.  Provision i n  t h i s  groposal f o r  
reducing sway limits the supporting beam t o  only one section dimension, thereb-- 
effect ively l imiting span dimensions. 

Recommendat ion 

No further consideration should be given t o  t h i s  proposal f a r  application i n  the  
W A  service area. 



Type of System: 

System: 

Proponent : 

h i s t i n g  
Ins t a l l a t  ions : 

Type of Use: 

Development 
Engineering: 

Power System : 

Propulsion : 

Running ,Gear : 

Type of Switch: 

Design Speed: 

Submitted 
Sufficient 
Inf omwt ion : 

Reference 
Material 
Submitted o r  
on Band? 

System Description 

ASYMMETRIC SUSPENDED 

NON-STOP WNORAIL 
SYSTEM 

GREED83 MONORAIL 
SYSTW, LOS - 
ANGELES 

None 

For W A  overhead 
system. 

Concept with pre- 
liminary cost 
estimates (based on 
concept only). 

Alternating current. 

Electr ic  motors. 

Two truck per car, 
rubber wheels. 

Inherent guiding. 

Hinged switch blade, 
not designed. In  
concept stage only, 
a i r  operated. 

65 miles per h0v.r. 

Engineering infor- 
mation is not su f f i -  
cient.  

Brochure ( a proposal 
t o  MMlX) dated 
January 25, 1960. 
Four-page decita- 
t i on  on rubber t i r e  
&application ta rail- 
way wheels; two-page 
"The Range of 'Michelin ' 
R a i l  Car Units" 

This proposal indicates use of a modified asymmetrical suspension system. However, 
all of the  l imiting factors  inherent i n  tihe asymmetric concept a re  present. Other 
features basic i n  t h i s  system include f u l l y  automatic operation of small high-speed 
cars capable of seating 34 passengers. Car could be stopped at s tat ions only i f  a 



passenger wished t o  leave, o r  i f  a person at a s t a t ion  wished t o  board. This 
would be accomplished on a push button basis, such as one would use an auto- 
mat i c  elevator. 

System Evaluation 

The asymmetric monorail concept is not sui ted t o  application i n  a complex ra@d 
t r a n s i t  system such as is projected f o r  the U s  Angeles area. The asymmetric 
feature precludes reasonable accomplishment of necessary operational functions, 
such as crossovers, turnbacks and other<switching functions, without the  provi- 
sion of extensive, costly, duplicate s.truc tures . 
We deem it necessary t a  have one supervisor per ogeration uni t  o r  t r a i n  when 
considering automstic operation, and the n b b e r  of such supervisors required f o r  
the  small uni t s  proposed f o r  this system would present a tremendous burden i n  
operating costs. - 

No further  consideration should be given t o  t h i s  proposal f o r  application i n  
the  LAMIA service area. 





Type of System: 

System: 

Proponent : 

Ekisting 
Ins ta l l a t  ions : 

Type of Use: 

Development 
Engineering: 

vPower System: 

~ r o ~ u i s i o n  : 

Running Gear: 

Type of 
Switch: - 
Design Speed: 

Submitted 
Sufficient 
Information : 

DAVINO - DUB-RAIL 
CATENARY TYPE 

Al Davino. 

None 

For use LAE4TA 
Overhead .System. 

None. 

Electr ic  - not deter- 
mined. 

Electr ic  current. 

Rubber t i r e  wheels 
not developed. 

I 

Reference 
Mater id  
Submitted or 
an hand : 

v, 

Channel Rails. 

Not Designed. 

System Description 

Not specified. 

No engineering 
data submitted. 

Bochure - '9avZno 
Suspended Rapid 
Transit Systeni"; 
cost estimate sheets; 
f ive  cancept drawings. 

The Duo-Rail System is a suspended type t r a n s i t  system. Trains a m  pendant 
from rubber t i r e d  vheels ver t ica l ly  contacting two pa ra l l e l  out-facing channels 
separated by approximately 5 '0" by l a t t i c e  type supporting structure.  Power is  
applied t o  the wheels from e l e c t r i c  motors mounted atop the ears through large 
spur s w i n g .  

e Alternate s t ruc tura l  configwations were proposed. The f i r s t  is a r ig id  s t e e l  
I support system with p iers  at 100' spacing. The second envisions support of the 

m e r  channels from s t e e l  cable catenaries spanning 320 f e e t .  



Bystex Evaluation 

The propased wcr suspension and drive syslew of this form of spl i t -sa i l  
''manorail" do net appear feasible. The driving gear linkages ase buUy 
and Lnefficient. h brimntal  guides are provided far the wheels other - 

than Contagt between the axle-end fold the chamel face. 

'fpo sway control f& in,mrl~)rated in  the car suspension. Switching devices 
have not yet been develtped, 

The r igid structure is preferable t o  the "&uspeasion bridge'huncgpt . The 
cable supported structure is certainly subject t o  side swgy, and l ikely  t o  
pwsent a vertically undulating ride under the rwiable loading applied by 
a saving %r&, 

Wo furt;her c-o;nsideration shauld be given to  this pxuposal for application 
9n the service wea. 



Type of System: 

System: 

Proponent : 

Existing 
Ins t a l l a t  ions : 

Type of Use: 

Development 
Ehgineering: 

None. 

Fclr use by LAMTA 
Overhead System. 

Very incomplete - 
mostly advanced con- 
cept stage. 

Power System: Direct Current . 
Propulsion : Electr ic  motor. 

.Running Gear: S tee l  flanged wheels. 

Guidance : No guidance necessary - 
s e l f - s i d i n g .  

Type of 
Switch: 

Design Speed: 

Submitted 
Sufficient 
Information: 

Reference 
Material 
Submitted o r  
on hand d: 

No switch developed. 

225 miles per hour. 

Insufficient information 
f o r  evaluation obtain- 
able ,  

Four photographs of 
artist 's concept. 
Small-scale model 
demonstration . 

- 
System Descriptian - 
The Speed R a i l  System is a suspended type t r a n s i t  system original ly  conceived 

a f o r  high speed (200+ miles per hour) transcontinental service. 

The three car ar t iculated t r a ins  are suspended below e lec t r i ca l ly  driven trucks 
which r ide  on standard r a i l s .  Train operating character is t ics  include hccelera- 
t i a n  t o  150 miles per hour i n  30 seconds, so special  safety seats  are  ut i l ized,  
with no standees permitted. 



B.R.V. CORPORATION 

System &scriptiton ( ~ o n t  'd) 

Each rail is carried on a continuous logitudinal beam which is mounted 
through heavy cradles t o  1000' span arch s t ructures .  The 55' high a r c h 7  
are  welded fabrications of tubing tapered from 4'6"  diameter at abutments 
t o  2 '0" at mid-span. 

System Ebraluat ion 

%!his system, devised f o r  long distance operations, w i l l  apparently have 
great d i f f i c u l t  negotiating curves of any proportion. The basic structure 
i t s e l f  is cer tainly ad8pted only t o  long s t ra ight  routes. As cross-ties 
between rails m u ~ t  be:omitted t o  allow f o r  the underslung pendant t r a i n  
configuration, it i s  believed tha t  great d i f f i c u l t  i n  maintaining proper 
t rack gage would be encountered at curve locations subject t o  horizontal 
wheel flange loading. 

Switching is an unexplored problem. 

Discussion and Recommendations 

The r e l a t ive ly  short  routes and frequent s ta t ions  involved i n  a metropolitan 
rapid t r a n s i t  system are deemed incoqpatible with the design embodied i n  t h i s  
system. 

No fur ther  consideration of t h i s  proposal is recommended. 



Type of System: SUSPENDED-SYMbETRICAL 

System: FUSSEU TRANSIT SYSTEM 

Proponent : Henry M. Fussell  

Existing 
Instal la t ions : None 

Type of Use: For LAMTA Overhead 
System. 

Development 
Engineering: Concept stage. 

Power System: ~ i r e c t  current. 

Propulsion : Electr ic  motor. 

Running Gear : Double Channel. 

Guidance : Self-guiding. 

Type of Switch: Special switch 
( i n  ve r t i ca l  plane) 

Design Speed: 30-40 miles per hour. 

Submitted Insufficient f o r  
Sufficient evaluation. 
Information : 

Reference Brochure 
Material "Criteria f o r  LAMTA" 
Submitted ox 

System Description 

The Fussell  Transit System consists of a closely spaced gxid of routes for  
"lo@ coverage " . Two passenger suspended manorail c m s  are boarded at side- 
w a l k  level,  r i s e  and accelerate t o  the overhead mainline t rack 30 f e e t  above 
the s t r ee t ,  and proceed non-stop t o  the passenger's destination as determined 
by push button control. 



System mscription (Cont 'd) 

C a r s  hang below electr ical ly powered, rubber tired, bogies riding on two 
paral le l  chaanels . 
Operati~n is completely automatic. Vertical switches at each station 
allow cars t o  enter and leave the main l ine ,  C a r  speed and spacing is 
controlled. 

System Evaluatian - 
+Several. advantages are claimed by this system. Convenience of single 
occupancy, non-stop travel  from "curb-to-curb" in low noise level, a b -  
matically operated czars is emphasized. no waiting for  cars is  anticipated, 
as empties are stored a t  stations. Purported economics are based on the 
l ight  structure required, and use of public street8 and sidewalks, 

The system i a  anly i n  the concept stage. The tremendous ~m~)unt  of develop- 
ment work qn the automatic t r a f f i c  programming of a large number of self- 
contained, automatically controlled units has not been done, Routing from 
one grid track to  another with independent t r a f f i c  characteristics would 
appew t o  be a definite problem; although the actual switching device is 
well engineered. 

The individual cars themselves deserve more attentian. Large power units 
are required t o  accelerate t o  mainline speed while r is ing from a, atation. .- 
Sway control of the pendant cars i~ not yet engineered. The effor t  involved - i n  mafntaining the great number of individual cars, coupled with the t o t a l  
route effect of single car failure, places unprecedented emphasis on unit 

w re l iabi l i ty .  

Discussion and Recommendations 

The convenience and t o t a l  coverage advanced by this concept me commendable, 
L However, the lack of development design informati~n hinders evaluation and 

prohibits further consideration of the ntsaeU Transit Eiystem. 
I 

- 



Proponent : W. T. R.  Webb 

Existing 
Ihstallations: Bone 

m e  of,  Use : For i m e m b a n  and 
interurban servf ce 

I Bevelupment Early concept form, 
Engin~ering: no engineering ebne. 

Hot disclosed. 

Propulsion : Rot disclosed, 

Running &as: Dua;L wheels on trmcks 
and power nacelles 
with th i rd  wheel 
driving under the 
r a i l .  

Guidance : 

'Type of 
Switch: 

A "T" r a i l  guides 
dual wheels on 
face of t i r e s  

-* 

fiat designed. 

100 Miles per house 

Insufficient llnfbr- 
m t i o n  submitted. 

8 

Combined Cmrier  
kkrvlee I+knual 
and four sketches. 



!!?he caw are auswmd m a  r a d  rn on. &W w b a  a ~ h  th tladrd 
-%he1 engag$% m o£' the tnw& held rln pZarea B;g %w aer2ic 
W ~ U ~ . ~ O T S  r %!he b ~ h i ~ h  t k  2'' rr-L;Il. is ~ ~ p N e t l  is 

is 8upgafied by extension rods in  a used 131 'the bdwtr id  ovg?rb.e& 
t%wv%ce n 

cars a capacity of thme p 
&kFIbm%aU and %ran#?? erable ta wta 
this ear sk&L is squlppe3.d with f oar 

atzldrtr t h  ?Pt r&, 83t~d the 
$he weight af t b  f ~ e M ~ l e  
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b g  or bveXopm9-t work ccmpleted, 



System Type : SUS@B?lSED MONORAIL 
a- DUAL WHEZLS 

Sys terul: VLNJE 'MONORAIL TAPID 
?T;"3SIT SYSTEM 

Exist ing 
In s t a l l a t i ons :  None 

Type of Use : For LAMTA cjverhead 
system. 

Development Advanced concept with 
Engineering : only preliminary en- 

gineering done. 

Power System: Mrec t  Current. 

Propulsion: E l ec t r i c  Motors. 

Running Gear: S t ee l  f lnged wheel 
truck.  

Guidance : Inhe ren t  guiding. 

Tjpe of Pivoting ca r t i l eve r  
Switch: beamway proposed. 

Design Speed: 60 miles per  hour. 

Gubmi t t e d  
Suf f ic ien t  Insuf f ic ien t  in-  
Information: formation. 

Reference The "Vinje Monorail 
Material Rapid Transi t  System" 
Submitted o r  brochure. 
on Hand: 



Thls concept embraces suspended monorail trairrs riding on pqrallel 'tracks rest- 
ing on the bottom flanges of s tee l  box beam n;tawa,y. Egmpulsgon units a m  el- 
ec t r i c  motors mounted i n  the wheel nacelles, 

Wheels and m i l 8  are t i l4xd 20~86grees frora the vertical. Thia cclnfiguratfon 
plus a dartlping system intiegral with the ~uspendiag yoke is purported to  p rov i a  
increased conlfort and safety, particularly an curses. 

System Evaluation 

The ~iy~kera embodies s~&.ety fmm dertellment an& ~ 1 a d e r  structural design cornon 
to  most msnorail conce?t&, 

Ev ide~ t  d.@sin fii r a i ~ m ~  bulk of wheel nacelles hag led the &signer .to connect 
motor t o  wheel through right angle gearfng, an fmfficStPat power trans&ssion 
systera far high speeds, 

Evaluatiun af other f e t c t~  of this approach to mas tmna i t  is imposaiblc due t o  
lack of design infoma%ion, 

Discussion and Recommendations 

The concept was devised as an i q m v e m n t  over the Wuppestal Monomil (1901) ; 
the attempt could possibly be successrul. 

However, no independent de~elopwnt has been clone, nor i s  any projected. 

We mcomnd  no further consideration of the Vinje Monorail System, 





System Type: OVEBHXAD SUSPENJ~D 
SPLIT RAIL TYPE 

System: 

Proponent : SOCIrnE m o m  
l3UNCAISE D 'ETUDES DE 
GFSTION m DtENTW- 
PRISW 

m i s t i n g  
I n s t a l l a t  ions : 

P 

Yes - experimental 
t e s t  t rack i s  now 
ready f o r  use i n  
France. 

For use IdWTA Overhead 
system. 

Type of Use: 

Development Yes, with changes f o r  
incorporation. Engineering: 

Power System: 

Propulsion: 

Direct current.  

Direct e l e c t r i c  cur- 
rent .  

Running Gear ! P n e m t  i c  rubber t i r e s ,  
by Mfchelin. 

Guidance : Pneumatic rubber t i r e s  
guiding l a t e r a l ly .  

Ty-pe of Special  switch, now 
Switch: - under development. 

Design Speed; 60 miles per  hour. 

Submitt tad Suff ic ient  i n f o m t i o n  
Suff ie ient  f o r  evaluation on hand. 
I n f o m t l o n :  

Reference 1. 
&i.terial 
Submitted o r  
on, mndr 2. 

"Overhead Suspended 
Rapid Transit" 
(~rochure-108 pgs . ) 

"Overhead Suspended 
Rapid. Transit" 
Drawings of 
Technical Features 
dated Sept. 1959) 

"LES TRAINS SUR 
P m T I Q U E S  DU 
CHENXN DE FER 
WRDPOLITAIN DE 
PARIS," dated 
April, 1954 and 
November 8, 1956 
Photographs of 
s p l i t  rail, open 
track,  s p l i t  rail  
manufacturing 
techniques, 1/10th 
scale  model boggie, 
switch supports and 
swf t ch . 



System Description 

This system is  of the  overhead suspended s p l i t  rail ty-pe, The s p l i t  rai l  is  
a s t e e l  s t ructure prefabricated i n  an inverted "U" form with the  car truck 
wheels running on s t e e l  plates .  It i s  supported on appropriate "Tn ver t i ca l  
members spaced approximately 100 fee t  apart. Switch has been developed and is 
automatic i n  action. 

System Evaluation 

A primary Iwd secondary suspension system hszs been developed which appears t o  
control sway. The decentering feature obtained auto&ically by the  use of 
the special  suspension system, reduces tors ional  s t resses  through the  trucks 
and tbe s p l i t  rail structure,  allowing fo r  much reduction i n  s t e e l  (weight and 
cost) ,  and, i n  turn, greater  a d  l igh te r  unsupported lengths of the s p l i t  rail 
box section and fewer "T " type supports per mile of track. 

Trucks ( ~ o g i e ) :  Two trucks per car equipped with t i r e s  designed by Michelin. 

Sp l i t  R a i l  Truck:: ,The suspended a l l  s t e e l  and, welded double box section is 
prefabricated i n  approximately 100 fee t  long sections. 

Switching: SwitcMng time is estirmked as 10 seconds. The s l id ing  members 
a s 6  supported by a s e t  of" "A" frames. 

Propulsion: 600 V-DC current i s  supplied by an overhead conductor mounted 
withi n the s p l i t  r a i l  s t r u ~ t u s e  . 
Braking: Dynamic b r u i n g  is  used. down t o  three m$les per hour. The in terna l  
expanding shoe b r a e  i s  used fo r  find. stopping md. 8s parking brakes. 

Axle: Each axle i s  driven by an 100 horsepower e l e c t r i c  motor, o r  400 horse- - 
power per car st miximum of 66 miles per hour. 

; Capacity - l23 paBsengers, full load. C a r  length - 
,700 pounb and can be driven from e i ther  end; m i a t  

of" bogies-18,700 pouaah, T o t a l  w@i&.t 36, 700 p a d s ,  

Advantages 

The pr lnmy and the  secondary sway control design is p e r h p s  the  most outstand- 
ing feature of the  system. It does amy with the  presently obJectionaBle 
feature of having t o  slow down before entering the s ta t ion  platform and provides 
controlled b a i n g  of the car, producing comfor%&ble ride.  

The use of a d i f f e ren t i a l  i n  the  truck is a very desirable feature. 

Disadvantages 

Tires: Wchelin t i r e s  a re  s t e e l  reintorced, and it is believed tha t  fur ther  - 
development is  required t o  produce t i r e s  with higher safety factor .  



Different ial  Drive vs. Braking: As the case may hap~aen, one wheel sliding with 
the brakes se t  and opposite wheel ro l l ing  assuming t o t a l  braking load on one 
wheel only. This condition w i l l  cause excessive t ire wear and produce the 
equivdent  t o  a f l a t  s t e e l  wheel. The f la t tened t l r e  w i l l  produce shock loads 
i n  excess of the noMnally slim safety margin, resul t ing i n  injury t o  wheel bear- 
ings and eventual t i r e  blowout. 

SiHtching: Switching mechanism is qui te  complicated and additional development 
seems required. The switch as such, is  actually a large t ransfer  table ,  For 
lack of more d e t a i l  on the  switch, it is  f e l t  t ha t  emphasis Aould be placed on 
the actual  experience which w i l l  be forthcoming i n  the  near future i n  France on 
the  t e s t  t rack,  

Elec t r ica l  Grounding: The negative collector shoe contacts the s t e e l  s p l i t  rai l  
structure, creating grounding problems. 

Re commendat ion 

This sytem merits fur ther  detailed study. 



Bwer System: Mrect  current. 

Frapulaion: Elec t r ic  motors. 

Burning Gear: Stee l  flanged wheel 
truck. 

Gub&nce ; Inherent guiding, 

k. 

System TYPe : OVEFEEAD SPLIT MIL 
TYPE (AS presented f o r  - 
Seat t le  ~ x p o s i t i o n )  

System: GYRO GLIQE TRANSIT 
s y s m  

Proponent: Nomir (Division of 
Nokthrop Corp . ) 

Existing 

Type of : :.. 
Switch: - Not specified. 

Design Speed: 50 miles per hour. 

- 

Submitted Insuff icient  inform- 
Sufficient a t ion,  
Information: 

I ~ s t a l l a t i o n s :  None 

Type of Use: For LAMTA overhead 
sys tem. 

Development Advanced concept with 

Reference The "Northmp Gym-Glide 

Engineering : some engineering done. 
n n rt 

Material Tmnsi t System" brochure. 
Submitted o r  
oa Hand: 

System lkscr ipt ioa 

The suspended cars  are driven by t m c k  running i n  a " sp l i t  mil" beam on 
s t e e l  rails and wheels. Distinctive Beaturn of the system is iwrtial drive 
gyro-power unit ,  which eliminates the  need of t h i r d  mil between sWtlons, 
o r  "hot wire" usually found i n  e l e c t r i c a l  systems, 



The gym-power unit msista  tlre may eaLion fmmtl i n  ~ u 8 p ~ ~ d  cars, Tb-e 
p m r  pad is rtmiamble %r Eekch aw pmzHdes af3a i11pte~mraJ 
paar~amr 15ad.i- nrhiGh inr bui l t  iwto t&e doer amhma2m. Sy~Wrer hrm, 
msat q u i r e  ~ u F T B ~ & ~ w ~ ~  kaap at thor tztd IQ~" the Xi=, T d n  eansists of fa- 
cars with a ~ Q W  ~f 2% ~eats, * t w o a a ~  %-I u s  1.28 mats, 

5@m EUVB two power gab per each trainl o m  at en&. The taM imrtlal 
wdt  weight i e  directly augparkd by 4nx& a d  of -be pod s t n r c t w  
win CISP16*Y the unit weight, 

The gyro-unit is rege~+graWd at each statio;~ a d  i"or ixpproxi~ttely 600 feet 
dsrm the l iadt  Smra the atation, after which tZm the train draw8 emx$y f r o m  
the g y m - a t ,  

W spl i t  mil ooxagt ailimtiaa is similar ta severor1 other pmlefsatatia~s. 
TE2e gym-power f a  Wqw but wt new, ( I  A: systea ZEP this  type is illt uat i n  
E u w  - The Orliem of S P r i k i s r ~ ,  ) 

The simplest type of' @%abili!%ati~n* 

&duction i n  coat of  p e r  dfstribytim sgfstm, 

Sy~tem adaptable for shor t  station spacing only (& dh). 

Should the t d a  lw held w,g f"or s czonsieaft1srble ti=, @t xay par% of the tm& 
b e t m n  statiolms, it is mwmblt 4a asmm@ W% t ra in w o a B  be uraibls to 
pmwed .on its rvwn r to the a&%&rrt lt*rzcihafgct3 rta&.tcsrr, 

Aa automatically o p l e - ~ ~ d  tmia m a t  ham czrpartl~us supply of eaexgy far 
efficient opemtAon. A s u l a d  tmia wil l  dlsmpt tke efYiciaat mil w n t i a m s  
eystm qeration, 



t$lr SJW%@& b@ =WWB&& far sd6$%%% rslhaPil6 IWt be E Q P U ~ ~ & E S ~  f&&@X' 
for acrxlptio~ 'to the LUB -lit p $ ~ t m  r, t;he spUt mil 
conc(43t &aul& w give$% t ~ t i a ~  srtu8y, 



A*  E. W. Chhbers E(;earn~y High Speed BaiLwq 

3%. rvlQ3x)-B2-%il, Lkd,, R . P . Hambberger 

6, B.dL T.mas@xt, BZre ll 8. C O  WfeL"ey 



8ys tem Type : SUP1?ORTED, OVERHJQD 
STABILIZED 

.System Description 

System: 

Proponent : 

Existing 
Ins tallat ions : 

ICEARl'i'EY HIGH SPEED - 

RAILWAY SYSTEM 

E. W. Chalmers Kearmy 
(Englad 

None 

Type of Use: For LAluPTA Overhead and 
Ground Level. 

Development Development dates t o  
Engineering: 1908 . 
Power System: Direct current. 

Propulsion: Electr ic  Motors 
%I" 

Running Gear : Double flanged tandem 
wheels. 

Guidance : Inherent guiding a t  the 
t ract ion wheel and yoke 

I and wheel guiding a t  the 
top rail. 

I Type of 
Switch: - Mot specified. 

Design 'Speed: Not specified. 
I 

Submitted Insufficient information. 
Buff  i c ien t  
Information: 

Reference Reprint from 'Mobrn 
Material Transit " dated 
Submitted or  May 31, 1958 
on hand : 

The Kearney High'Speed Railway consits of an e l e c t r i c a l y  powered vehicle or  
t r a i n  supparted by a single t ract ion rail below. A guide ra i l  d i rec t ly  above 
the car body provides both l a t e r a l  s t a b i l i t y  and derailment protectian. The 
system is tendered f o r  e i ther  elevated, on grade, o r  tunnel ins ta l la t ion .  

I' 

Mr. E.-W. Chalmers Kearney f i r s t  introduced t h i s  system in 1908 a f t e r  s i x  years 
of experimentatian, I n  the last f i f t y  year8, individual de ta i l s  of the system - 
tye type qf wheels, guide r o l l e r  Dressme campensatisn, motEve power, e t e . . -  
have varied, but the general principle hm persisted. 



KEARNm HIGH SPEED RAILWAY SYS!lXM 

System Evaluation 

The rol l ing resistance of a Kearney t ra in  is sl ightly less  than t h a t  of 
a conventional r a i l  t rain.  A maintained pressure on the guide rail above 
the t r a n  makes possible the negotiation of sharp vertical curves. 

!The value of these two advantages i s  maximized in  an underground instal la-  
tion with stations just below grade connected t o  deep ,tunnels by steeply 
inclined ramps. Total. power requireents are reduced during acceleration 
by the incliae, and at f u l l  speed by the lowered t ra in  resistance. The 
single wheel arrangement would allow smaller tunnel bore than required for  
other systems, and the overhead guide r a i l  would have ready support from 
the tunnel roof. 

Above grade, however, these advantages evaporate. Stations would be a t  or 
below the level of the main line; power would then be goverriing at i n i t i a l  
acceleration of the t ra in  mass; a bulky structure would be necessary t o  
provide r ig id  attachment fqr both rails. 

Switching would, i n  any case, be more cumbersone than conventional rail 
desim. 

Discuss ion and Recommendatians 

Unless a coq le t e  subway installation were planned, no advantage muld be 
gained by adoption of th i s  system. 

.We do not recommend further consideration of the Keamey High Speed Railway 
System. 



Syatem Ty-pe: 

System: 

Proponent : 

Type of UEe : 

Existing 
Ins t n l l a t  ions : 

SUPPORTED, SIDE 
STABILIZED 

MONO-TRI-RAIL, LTD. 

R. P. Harshberger, 
Licensor 

For use W A  Overhead 
System 

None 

Paver System: Electr ic  - not deter- 
:;line 3 . 

Propulsion : Electr ic  current.  

Running Gear: S tee l  flange wheels. 

Guidance : Depends on Wheel flanges. 

Type of 
Switch : Xdot designed. 

Designspeed: Notspecif ied.  

Submitted No. Announcement Card 
B u f f  i c i en t  
Informat ion : 

Reference One Off-set t rue  l i n e  
Material picture rendering 
Submitted or 
on hand : 

(iP8 ) 

System Descriptian 

The Mono-Trl-Rail System is a railway system designed spec i f ica l ly  f o r  imple- 
mentation of elevated right-of-way. S tee l  wheels a re  s e t  t o  a narrow gage 
t o  reduce the width of the carrying s%ructure and thus decrease the undesir- 
able effects  of such an ins ta l la t ion  over public s t r ee t s .  

S t a b i l i t y  of the narrow gage vehicle i s  provided by an outrigger attached t o  
i ts  trucks.  The autrigger consists of rubber i d l e r  wheels located both above 
and below a continous t rack munted t o  the side of the structure. The car 
body is o f f se t  away from the outriggers s l igh t ly  over-balancing the uni t ; ' thus,  
contact of the bottom i d l e r  wheel against the continuous t rack is  maintained. 

The outriggers a l so  provide a degree of derailment protection. The system i s  
now only a concept. 



The system is n n b ~  anly a, concept* Neither &sign develop~fent nar -test fwi- 
l i t y  construction has been b i t i a t e d .  

%he systea essays ta; aslnidze the overhead stmcture inherent t o  an elevated 
%rawit s;gstaal Several design and aperating problem are ilitmdwed In th i s  
atteqt . !?&e t w s i l c m  laads applied to the supposting bew by the outrigger 
wheels wKLl, e s p e a i w  at CZXTV~~J ,  b w e w e  be= dS.wnsbns Beyond those re- 
quired fw a cUrect mrctZcaZ lo&. 

Operatio% af'smX. rubber tires at high ~peeib 2s cps tbaab le .  BwitohJng 
@thoas have nu% &en p m p ~ e d ,  1 ~ 4 ~  can a q  wrbb1e r a p ~ ~ ~ a c h  be projected. 
Positive derailment pmtection is not pxovided, adtbugh the outrigger 
mrmxgem aPfard WEE degree of &ety, The outr%gger L 
would be For IsstalZatunr; at, or &low, gra&e. 

Comnents and Recommendations 

There is nr, apparent advantage i n  application crP tMra t r ~ l t  confilplratim, 
No subst&ial iqxovement~ are pmvided ma SOBE pmbless are intraduced, 

WR 616 not xecomnd further wnd1.deration of the M c ~ r n - T ~ i ~ M l  System, 



System Type: SUPPORTED, OVERHEAD 
SPmILIaD 

TBE WFWTY PLAN - 
Ap?vAY RaJL 'IBANsmm 

Proponent: Mrs. Robert C. Lafferty 

Type of Use : For use LAMTA Overhead 
System. 

Existing 
None 

Development 
Engineering: None 

Not Specified. Power System: 

*opu&s ion : Electric Motqrs. 

Single! wheel i n  tandem fum. L 
Running Gear : 

Guidance : 
: 

Flange Wheel and Channel 
Guide Optional. 

Type of 
Switch: Not developed. 

Not specified. Design Speed: 

Submitted 
Sufficient 

Insuf'f icient informat ion - 
a very sketchy concept 
form . 

Reference W e e  reprints of s ix  
Material pages froa unknown publi - 
Submitted o r  eakiclnj two blue~rSnts 
on Hand : . # ~ a n d # 5 4 .  

B 
System, Description 

The firway R a i l  Transport systen is very simiLar t o  the Ke ney  System previous- 

l iz ing rail.. 
T discrusaed, A single rail below the car is supplemented by an overhead stabi- m 

I The dvaqtages and disadvantages of the Kearney Sptem are believed to be equally 
applicable t o  t h i s  scheme. However, A i r w q y  R a i l  Transpart is but a concept, with 

m very few detai ls  worked out, and no develo~aent acconpalishdd. 

u Discussion and Recommendations 

I We recamend no further consideration of the & m y  R a i l  !&asport Flm. 





System Type : SADDL8 BAG SWRTEID T p E  

Proponent : Rapid Transit  Systems - 
of California . 

Existing 
Instal la t ions : Test t rack ' 

Type of Use: For use LAbEA overhead 
system 

Development Yes - completed engineer- 
Engineering: ing fb r  t e s t  ins  ta l la t ion  

Power System: Direct current 
I 

SECT ION Propulsion: Electr ic  d i rec t  current 

Running Gear: Pneumatic t i r e s ,  
developed 

I Guidance : Pneumatic guiding wheels 

I Type of Special switch - is  
Switch : developed 

I 
Design Speed: 60 t o  75 m i l e s  per hour 

Submitted 
Suff icient  Very complete 
Information : 

Reference 1. "Description of the  
Material Alweg System" 
Submitted o r  2. "Presentation of the  
on Eand: Alweg System f o r  the 

City of Los Angeles - 
Drawings" 

3. "Mass Rapid Transporta- 
t i on  System for  the  
Los Angeles Metropo- 
l i t a n  Area" 

4, " ~ u d d  Railway Disc 
Brake " 

System Description 

Basically the  Alweg System operates i n  the  same manner as the conventional mass 
rapid t r a n s i t  system i n  that a car or  t r a i n  runs on a t r a c k ,  and here the s i d -  
l a r i t y  ends. 

The supporting s t ructure i s  constructed of pre-stressed,pre-cast concrete i n  the 
w 

form of I beam, and is  supported on "A"~ frame columns and pylons approximately 
- every 100 f e e t  apart  on reinforced concrete bases. 

w The running beam expansion joints  a re  provided with s t e e l  rocker arrangement, 
rest ing on the  cross girders.  

b 



Cars straddle t h i s  six-foot deep running beam. D u a l  pneumatic drive wheels 
run on the top of the  beam, and horizontal guide wheels bear against i ts  side. 

Passenger space is located above the leve l  of the  beam. Drive wheel housings 
intrude on t h i s  f loor  space. Ins ta l la t ions  of t h i s  system are  i n  operation 
at Disneyland and i n  Cologne, Germany. The various design features (braking, 
signalling, switching, and f a c i l i t y  construction) have been well developed. 

System Evaluation 

This proposed system i s  f u l l y  developed. Ehgineering,design problem areas  
have been approached with the benefit of actual  performance data. 

Switches have been constructed. 

The configuration of the  drive and guide wheels presents some maintenance 
problems, as does the use of pneumatic t i r e s .  The off-senter drive motor 
location heavily loads the t i r e s  on one side; t h e i r  l i f e  span and design 
safety factor a re  questioned. A t  the  same time, however, a smooth, quiet  r ide  
is afforded with posi t ive derailment protection. 

Excessive car sway which must be considered i n  simpended systems is not pre- 
sent. Thus, clearance requirements and curve l imitations at s ta t ion  approaches 
a r e  l e s s  s t r ingent  f o r  overriding systems. 

Support s t ructures  f o r  both elevated and depressed routes a re  lower, smaller 
and l e s s  costly than those f o r  suspended systems. 

An advantwe of t h i s  system over conventional rail i s  i ts  a b i l i t y  t o  negotiate 
up t o  7% grades, thus allowing more f l e x i b i l i t y  i n  route p ro f i l e  and layout. 
The added safety of posit ive derailment protection, especially on elevated 
routes, i s  also i n  its favor. 

Recommendbat ion 

We recommend further detai led study t o  establ ish the  des i rab i l i ty  of svstem 
application t o  the M A  requirements. 



Type of System: OVEREIEAD SUPPORTED 
SINGLE RAIL TYPE 

System: LOCKHEED RAPID 
TRANSIT - SYSTEM 

Proponent : - Lockheed Ai rc ra f t  
corp . 

Exist ing 
In s t a l l a t i ons :  None 

Type of Use: - For use by LAMFA 
overhead system. 

Development Engineered t o  a 
Engineering: - high degree. 

Power Sjstern : Direct  current .  

Propulsion : Elec t r i c  motors. 

Running Gear: None - flanged 
s t e e l  tandem 
wheels. 

Guidance : Guided by hor i -  
zonta l  s t e e l  
wheels. 

Type of switch: Beam switch under 
development . 

Design Speed: - 60-75 miles per  
hour. 

Submitted Suf f ic ien t  infor-  
Suf f ic ien t  mation received 
Information: f o r  evaluation. 

Reference Lockheed Rapid 
Material  Trans it Sys tern 
Submitted o r  data  f o r  LAMTA 
on Hand: evaluation, 

Report #14232 

System Description 

The Lockheed Rapid Trans i t  system a l so  consis ts  of supported monorail t rakns 
e l e c t r i c a l l y  operating over a beamway. The design i s  arranged f o r  complete auto- 
mation (with manual overriding controls) ,  operated from a cen t ra l  control  area.  



The four-foot deep beamway and supporting pylons (85' on center) a re  s t ruc tura l  
s t e e l  fabrications. 

Each car is mounted on two tracks.  A truck consists of ve r t i ca l  tandem s t e e l  
drive wheels and s i x  horizontal s t e e l  guide wheels supported on a common yoke. 
The driver wheels and four upper w i d e  wheels run on s t e e l  t rack atop the run- 
ning beam. The lower guides r ide  along the sides of the  beam. The passenger 
compartment is above the -beam and drive wheels, providing a flat f loor  axea. 

No ins ta l la t ions  of t h i s  type have been f u l l y  planned and constructed but con- 
siderable engineerirq effor t  has been expended i n  establishing the  system design. 

System &a,luat ion 

The system inherently p r ~ v i d e s  the basic advantages of a supported monorail sys- 
tem. Derailment i s  a v i r tua l  impossibility. Maximum possible grades a re  much 
s teeper , than those p rac t i ca l  f o r  conventional rail. The car sway problems of 
suspended systems a re  averted. 

The s t e e l  wheel and t rack incorporated i n  t h i s  system design afford it the proven 
background of railroading practice. Rubber mounting of the wheels should mini- 
mize noise of operation. 

Switching devices have been designed. 

w 

We recommend that fur ther  consideration be given t o  t h i s  concept. 



Prop~nermt : Alan Hawes & Associates 

Existing .Amusement pmk i n  
Ins%alTations : Massachusetts -park 

(*ides. 

Type f iF  Use: 'rr lnse by U.UA 
3 ,, . i i -34 T ~ ~ s p o r t a -  
t ion. 

Development Complete f o r  approxi- 
Engineering: mately one-half scale .  

.Power System: Df r ec t  current,  

eopuJ_s ion : Electr ic  motor. 

Runabg Gear : Pneumatic rubber 
t r a c t  ioa t i r e s  . 

Guidance : Side m e w t i c  rubber 
t i r e  guiding, 

'l',p._? of 
Switch: -- - S p e c i d  switch. 

k s i p  S! -<-a: 60 n i l e s  per hum. ---- 
Submit ted  
Suff icient  Xnsuff i c i en t  Lnf orma- 

Ref erenee One brochure dealing 
M&er i q l  with the Beattle 
Subwtted or Metropol i ta  Transit 
an Hand: ~ u t  hoi i ty  presents- 

t ion, 

The Haws systelin, of supported mmrail primehl-iP;y d i f f e r s  f r o m  the @reviolas- 
l y  discussed designs i n  running beam and truck configuration, 

The rwnang b'em is a foreshortened, inverted '*teew of prestressed eoncsete, 
4 ' -6"WAde and 1' -8 " from top ~f beam t o  top of t e e  arm. Traction wheels 
r ide  on replaceable mw surfaces ~n these arms . Guidr wheals ~011. against 
the ve r t i ca l  side6 of the stem. Wheels are pneumatic throughout, but flanged 
s t e e l  wheels p m a l l e l  drive wheel t~ assme l ~ a d  i n  case of t i r e  f a i lu re .  

These s t e e l  wheels are impartant i n  that  they are  u t i l i zed  i n  a switching 
arrangement, allowing standwd r a i b o a d  short-raclius switch instal,latloar a t  
yard a d  ~ m t e n a n c e  amas. 

gly t o  %he beam while affording unrestricted piLasBenger 
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PROGRESS REPORT 

m T m G  TO 

I N I T I A L  CONSIDERATION OF SYSTEMS IWD R O U B S  

FOR A 

MASS RAPID TRANSIT PROGRAM 

VOLUME X I  - 73EmICAL DATA 

DANIEL, MANIT, JOHNSON, & ME-= 

A r c h i t e c t s  & Engineers 
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the I;OS Angele~ Central Wineas Bi8tric-t and 

%n the Four Traasit CamLdcwn by hRoy Cr~tndall 
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EVALUATION OF DlDIVIDUAL TRAIgSI'J! SYgTEN9 

REVIEW OF TRANSIT SYSTEM EQKEhEQT & ACCESSORIES 



A * 

1. General 

2. Conventional Rail Systems 

3. Busperded System - Asymmetric 

4, Eiuspended Systems - Symstric 

5.  Suspended Systems - Symmetric Sp l i t  Rail 

6. Supported Systems - Overhead a r  Side Stabilized 

7 .  Supported System - Overriding 

8. Miscellaeous Systems 

- C. TRANSIT SYSTEN CARS AND EWIPMEIU 

1. cars 

2. Trucks 

3.. Pnew~atic Tires 

- D. POWJD SUPPLY AND l ? R O ~ I O N  SYST'ENS 

- E. AUTOMATIC TRAIN OPERATION A,MD SIGNAL SYSTEM 

I F. A m m I O N  

G. SPACE AND BTRU- R E Q ~  FOR POWER SUPPLY AID 

I 
AUTOMATIC TRAIN OPERATIONS FACILITIES ON W I D  TRANSIT 
RIGHT-OF-W 

.C 



EVALUATION OF INDIVIDUAL TRAZOSIT S Y S m  

General - 
T h  systems pmpased or ~ ~ ~ i d e r e d  far the Log Angeles 

Ir&etmgolitan W a s i t  AuWrity R a p i d  Wansit Fmgrasn 

have been divided i n k  ca*gcaries for convenience of 

evaluatiorp. Each af the system for which materid was  

submitted -or far whlch naaterm was 8vrtiLabJ.e ha8 been 

reviewed. 

Far a general aPalysis and evaluation of the systems, 

reference is made to SECTION I11 af the Sunanmy Report. 

The sketches f ~ r  the individual systems lshawn herein 

are raof t o  saale and are included only for the purpose 

of indicating the general basis iaf the system. 

The evaluations hsve generally considered only those 

aspects considered unique or apecial to tbt system. 





System Type : 

Proponent : 

Existing 
Ins ta l la t ions  : 

Type of Use: 

De~eloprnent 
Engineering: 

Power System: 

&. Henry K. Norton 

No - Presented on ideas 
developed by H.K. norton 
f o r  a e r i a l  t r a n s i t  f o r  New 
York Metropolitan Area. 

For use LAHFA overhead 
system. 

Direct current 

T~rpe o f  Switch: Special switch - not 
developed. 

ELEVATION Design Bpeed: 80 miles per hour. 

Submitted 
Sufficiept 4 
Information:. 

Reference 
Material 
Submitted o r  
on Hwd: 

System Description 

Insufficient,  i n  concept 
stage, 

1. "Is Monorail The Answer?" 
2. "Statement of E. K. 

Norton t o  the  Metropo- 
l i t a n  Rapid Transit 
 omm mission, k w  York, 
N.Y. " 

3. "Press Release by 
M r .  H. K. Norton 

4. Five Photographs 

The p r e ~ e n t a t i ~ o n  i s  based on the  use of existing lightweight railway ro l l ing  stock, 
m d i f  ied  as follows : 

The truck axles would be extended through and beyond the normally f u l l y  enclosed 
bearings. This diversion from standard equipment design is  intended t o  provide 
fo r  safety and i n  case of derailment. The function of the  axle elctensi~n has 
deterring action i n  case of derailment. 

The way s t r i c tu re  has a wrap-around ledge forming a bar r ie r  f o r  the axle ends, l e s s  
Tii than the  death of the flanges of the  guide wheels f o r  uplif't. 

l3ystem Evaluation 

9 
1. The wrap-around ledge axle t o  s t ructure interference i s  supposed t o  hold the 

car from leaving superstructure i n  case of derailment. The dynamics of moving 



cars and t r a ins  a t  75-80 miles per hour a re  great. Assuming derailment, 
we must visualize trucks being thrown askew, wedging i n  the retaining 
s ides  of the concrete "U" structure.  The car with i t s  load would shear 
off the trucks. Resulting damage t o  the superstructure concrete could 
prevent the resumption of the traffic. Thus, the channel s t ructure does 
not necessarily guarantee freedom from accidents o r  derailment. 

2 .  Tires  - 
The development of t i r e s  fo r  specif ic  high-speed railway has not been 
accomplished t o  date. The Paris ian Subway Michelin S tee l  Cord t i r e s  a re  
known t o  be the only t i r e s  capable of sustained loads of approximately 
5,000 lbs .  per wheel, but they seldom exceed 39 miles per how. 

Granting tha t  the  5,000 lbs .  per t i r e  load rat ing can be eventuaLly in- 
creased, it a lso  appears tha t  the increase i n  load carrying wculd be 
accomplished by increase i n  the  t i r e  diameter. 

3.  Trucks 

Trucks become non-standard on account of special  axles and special  guide 
wheel arrangements. 

4. Advantages 

No interference with surface t r a f f i c  system, is adaptable t o  overhead, 
open cut, pr ivate  right-of-way at grounh l eve l  and subway. This system 
is adaptable t o  both horizontal and ve r t i ca l  segregation. The rubber 
t i r e s  would produce a smooth quiet  r ide.  

. Disadvankeges 

The axle clearance t o  the wrap-around safety ledge poses the following 
problem: 

Beginning with the laying of the pre-stressed precast way s tructure 
alignment, it w i l l  be necessary the the wooden plant  bed be shimmed 
f o r  surface continuity. 

There is  no presently operating o r  t e s t  ins ta l la t ion .  

Development not completed. 

6. Discussion 

The lightweight cars f o r  t h i s  system a re  standard exis t ing r a i l w y  
ro l l ing  stock of 44,000 lbs .  t o  46,000 lbs .  per empty car,  Using the 
trucks as proposed, we f ind each pneumatic wheel t i r e  great ly  over- 
s t ressed with no safety margin factor .  



7 .  Recornmenkt ions 

Since the system is included i n  the general category of the  conventional 
rail system which is recommended for  fur ther  study, some additional in- 
vestigation should be made t o  see if  the wo~k done on the pneumatic t i r e s  
and the safety features has application. 



System Type: SUPPQRTED CONVENT- 
IONAL RAIL TYPE 

System: - 
P r o p w n t  : Senatcrr Hastings 

Type of Use: For use W A  overhead 
system. 

I 

m Existing 
Lnst&lla"cions : None 

Development I n  engineering develop - 
Engineering: ment stage. 

Power System: Mese l  e l e c t r i c  
I generators. 

I Propulsion: E lec t r i c  motors. 

Ihznning Gear: S tee l  flanged wheels. 
* 

Guidance : Depends on wheel flanges. 



%sign Spmd: 150 lailes per hour, 

Et@Pe=aw Transpsrtatian m- 
velc)p~~ezrt Corpar* 

S?ib&t.t;9?d or a t i c ) ~  bra-; 
an yku@: A t o b c  Ecomdea 

f o r  the ABE?ruim 
Raflmmds; Three 
artist's render- 
ings. 

misr n c ~ a ~ e n t i ~ ~ l  mil* ;syst;e;a consists of liglr2;w;eigh-k iiirtml pommd ml l iag  
ska& qetratiw aa standard steel W ~ F S  set is mbbr, The mils earried 
on eaatimmus p~-~tt=s.stra cascre& beam s u p m  by pylom or other 
&Jgmp** colzcr4Ft;rr structu]~&. 

ecrr design feature& a law wloltetr of gm~i ty  canibined w i t h  Light tot& 
wight.  Car  tsuckrs E T ~  unique. Eilany vibmtian, noise, and dilrsplawmnt 
daqpiag features a m  inmmomted, 

The prapomd strut-1 system af contiwolfa r~Ll sup~r"t ox pm-c&&t &am- 
ways offers possibility of smsth, comfortable x%&,ng at hi& spe~ds, It &es, 
however, eqharsize exact plawwr~t rtf heavy r s  , 

mbcr eaErc3&eat czf" rails rj;hauld p m i d e  a c:WortabLe~ quiet o ~ m t b a .  The 
rub-r, however, i r s  aaizbJol@t t o  w.tur&2 agin;g a d  cold flow under tre u8 

instzrntaneous ovexLea~ a g h t  r~eguim exeem3aive ~in%mtmce. The &Ye&- 
iwness of mil elarapa rawt be d~tersa3ined. 

Roll iw stock desigm rappear w e l l  engimered. Low car gmf i l e  and coordination 
w ' i t h  vibrxrtiorr xeduruJtsl@; features af the tntrtbs pmseat excellent r id ing  
charscteri~tica , 



Ars %he sy~tam fi%g % h ~  IomI mi1 mtaggoqy ~cm~i&md for -I?urth-er 
I%u*, ~ & d B i t i ~ a  B%U* XVl l iq  ~t6& ~B~)z%-s ZWd E J ~ ~ u ~ c ~ W  & ~ f m  18 
m d. 



System m e  : 

System: 

Pro?onent : 

Existing 
1ns tallat ions : 

Type of Use: 

Development 
Engineerirsg: 

Power Sys tem : 

As ANGEL=, 'MIDGET 
SUBWAY 
I 

Edward J . Smith 

None 

For LAMTA Underground 
System. 

None. 

Electr ic  power. 

Propulsion : Electr ic  motor. 

Runnin~ Gear: Two rail flanged 
vheels . 

Guidance : 

Type of 
S~ri tch:  

Design Speed: 

Subnit ted  
Sufficient 
Information : 

Reference 
Material 
Submitted or  

Inherent guiding on 
rail .  

Not specified. 

30 m i h s  per hour. 

Submitted i n  concept 
form . 
"Los Angeles Midget 
Subway'' brochure . 

System Description 

This system i s  based on completely automatic non-stop operation of two- 
passenger subway vehicles. Cars embody station-to-station push-button 
operation by the passenger t o  control destination. Speed and timing are  
pre-set . 
The migiscule car  dimensions enable construction of small, low cast (com- 
pared t o  standard subway structure)  subbays measuring only 61-6" high by 
12'-0" wide f o r  double t rack operation. 

The prop~nent  envisions eventual construction of a f u l l  coverage one-mile 
k grid system. 





System Evaluation 

Again, general advantages of the supported mnorai l  are inherent. The 
wide gage of supporting wheels and Low center of glravi t y  r f the ca;r are 
due t o  shallow beam intrusion pravide added s t ab i l i ty .  

The switching design is part icular ly a t t rac t ive  f o r  reduced yard and main- 
tenance area s ize  and costs1 although a switch simfb,r to  t h a t  developed fo r  
other supported systems would be required fo r  main l ine  locations. 

The engineering information received from the system proponent I s  very 
sketchy. Even tklough a miniature system i s  now operating, it is probab.1~ 
t h a t  considerable development work would be pre -requisite t o  mass rapid 
t r a n s i t  application. 

We rec%,med additional study of the basic principles of t h i s  sp$tem, 
since it f a l l s  i n  the category of supported mnorai ls .  



System Type: OVE8IBA.D SUPPORTED 

System : Dl3 KAEJTER SYSTEM 

Proponent : IfENISIIK IE KAMTER 

Existing 
Installations: None! 

Type of Use:  For the LAMTA Overhead 
system. 

Engimering: Concept stage only. 

Power System: Electric * 

Propulsion : Direct e lect r ic  
current, 

m , n g  Bar: Rubber tires 

Guidance : 
I 

Rubber tire guida?%ce 
horizontal, 

Tgpe of 
M t c b :  Not ikve laped 

Wsigrr ,@peed: IYot specified 

Submitted Sufficient t o  explain 
SuPficient concept olhty 
Information: 

Reference A Thesis t o  the 
Materid University of 
Subrmrttted o r  Southern California, 
on Hand: 

Svstem Descri~tion 

Mr. de Kantert er t r ans i t  cancept i s  based on construction of two ce~tB%l 
stat ion structures, o w  located near the existing freewtzy four-level 
interchange, the other, south of the Central Busimss District, Hem north- 
south and east-west oriented  tono or ail mutes intersect.  Automatic aukr 
buses comect these stations t o  the Ceatml Bmiwss District,  No private 
~urface* t r a f f i c  would be allowed in the CentraL Busimss District,  Faci l i t ies  
are provided for  interchange f r o m  private cars, street oriented bus and 
helicopters. 



The pr- feature of the stationer is thrt sy~tetra o f  escalators integrated 
w i t h  a revolving bus Loading Ziock. A supportad mniorail &sign is proposed 
for this rryetm. The automatically controlled cars FidE 08 an nia~erted Wen 
ahape& steel box girder. Vertical drive wheels =st on the tap smaca of the 
tee a m  and guiding wheels strPbilize e n s t  the vmticetl sides of the t rz r r r l r ,  

%e statfow a m  intemst*ing i n  their rt18ny ia&~gratied mchrsiniorsl features, 
but da not corre la t~  atkqusterly with the! m m a l l  t m i t  problem of the 
ama. All tmffic of every aatme would W f'wmellarrd though -a fa@- 
ilities. propomd mnarail i s  a generaliaed concept camparable to the 
types of supported mmrails herein di~cussed, 

me: proposal. by Mr. de: Ksnter i s  very bread and i n  scup, incrwpmtilag 
automatic Wices in lgany phases of am& tll~~lhsit. HOWeV$r, engineering &sign 
features of the 1ooncrept are undeveloped, 

The gap between cane@ and equipmnt/fs;cflil;y &sign is  too broad to bridge at 
tihis t ime*  

Erlo further cansidesation ShQuld be given to this pmpsal for appliostion in the 
WIMTA service ama, 



A .  A i r m o b i l e  Transit 

B. Los Angeles Airways 

C. Bus Systems 

D. Stephens-Adamson Carveyor 

E. Ideonics Corporation 



OVERHEAD DUCT TYPE 

;s:;stem: AIRMOBILZ TRANSIT 
SYSTEM 

Proponent : Logan E. Se'tzer 

Exist ing 
Ins ta l la t ions :  None 

Type of Use: For LAMTA overhead 
system. 

Development I n  concept swge except 
Engineering: the  ~tutomatic address- 

ing and routing 
appendix "C" . 

kwer System: Not specified,  

Pmpd.sion: Air pressure. 

Running Gear: Recirculating b a l l  
race and return tube. 

Guidance : Channel t rack  within 
the  tube. 



Type of Special "air lock" 
Switch: - switch. 

Design speed: Approxiata%ely 3 
railes per hour. 

~ f e ~  IBcu~aernted cri teria-  
l4ixtEkr"l.d n T h ~  S l ~ i g h  DUct, A 
Subadtticrd or  Mass Transpwt&tia~ 
OB) 'B$Rd: Sys tern". 

System Description 

This system consists of a etwork of ducts ia which small ( t w o  passenger) cam 
are propelled by air pressure. Ttws! c a m  wou3.d be lowered f r o m  the prapowd 
elenrated duct to a t m t  level for passenger bcusrdiag a t  station stops, 

me switch conisists sf a;ir lock whereia the csrptpu3.e comes stop atad 
"gate wave" allows a sectfan 09" "tubPM aheH of mp~ule t o  d&compresh~, Cap~tale 
is then releaseti and pushed into this turnbut ruad eaters second air Lock, where 
We aforementioned prnmiiwe is repeated befare the capsule is allowed to  re- 
enter the main line tube. 

Motive power f a r  the capsules is furnished by series of 600 IIP a ir  coinpressors 
spaced at two mile intierw3.s. 

Car insida: dillleasions sm 28 inches wide by 49 ilfches high by 108 inehes long, 

System Ebmluation 

Minar variations of t h i s  system have been peri;~diCEiLly pmpo~ed fir over 
50 mars, and rm new concepts am involved, Passe#r carrying capacity i n  
pm~k p ~ i a d s  is  inauf'fieient fo r  application in the U s  Arqples area, a d  speed 
is far below taiziimum ~ ~ w n t s .  

Recommendation 

No further consideration should be given to W s  proposal fo r  application 19 the 
LAMTA service area, 



Type of System: BELICOF'i'm SERVICE 

Sgs t em : SCHEDULED HELICOPTE33 
SYSTEM 

Proponent : Los Angeles Airways 

Existing 
Ins ta l la t ions :  Yes - network i n  

Southern California. 

Type of Use: Cooperative feeder 
l i n e  f o r  LAMTA over- 
head system. 

Development 
Engineerine: Fully developed. 

Power System: Aircraft  type engine 
and turbine. 

Propulsion : J e t  turbine. 

Running Gear: Not app4icable. 

Guidance : Pre-scheduled Omni 
System ( a l l  weather 
guidance) . 

Type of Switch: Not applicable. 

Design Speed: Not determined 
(approx. 150 miles 
per hour). 

Submitted Sufficient id orma- 
Sufficient t ion. 
Information : 

Reference Attachments: 
Material A. "A New Dimension i n  
Submitted o r  ~ransporh&tion" 
on Hand: B. Map 

C.  "LOS Angeles 
Airways" 

D. Photos of helicop- 
t e r s .  

Helicopters a re  currently operating i n  Los Angeles with approximately one hundred 
f l igh t s  per day i n  and out of the Los Angeles International Airport, carrying 
1,000,000 lbs .  of m a i l  and express per day. There a re  plans fo r  expansion i n  the 
future . 



The vehicle cost is  $600,000 f o r  a helicopter and a landing s t r i p  
s i ze  of 200 fee t  by 400 f e e t  i s  reqaired. 

System EvaJuat ion 

Application of t h i s  service t o  mass transportation i n  the  foreseeable f i t u r e  is 
unlikely, due t o  the high cost of equipment, operating e q e n s e  and resultant 
high fares .  

Re commendat ion 

Consider providing helicopter landing f a c i l i t i e s  at key rapid t r a n s i t  s ta t ions  as 
par t  of integrated t ranspo&at ian~sy~tem. .  



System Type: 

System: 

Existing 
Ins t a l l a t  ions : 

Type of Use: 

Development 
Engineering: 

power System : 

Propulsion; 

Running Gear: 

Gui dance : 

Tvme of Switch: 

Design Speed: 

BUS ON ELmATED RUNWAY 

BUS LINE 

General Motors Corp. 

Generally standardized 
surface conveyance i n  
Los Angeles 

For LAMTA overhead 
l ines  

Accepted standard cur- 
rent design 

i 

Standard engine 

V-6 diese l  engine 

Standard pneumatic 
rubber t i r e s  

Manually steered 

No switch used 

56.5 miles per hour' 
maximum 

Sub;nitted 
ELEVATION Sufficient 

Infomat  ion : 

Complete i n  every 
respect 

Reference 
Material 
Submitted o r  
on Hand: 

Documented by G.M. 
brochure, model 
TDH 5301 

This bus system i s  standard, individually operated on elevated structures.  

System Evaluation 

The buses w i l l  operate on an elevated structure,  with no ground t r a f f i c  in te r -  
ference. It is  also possible t o  operate the  buses an the  surface s t r e e t s  by 
running ramps t o  the elevated. 

Bus - 
Bus will seat  43 passengers and LO standees fo r  ,a t o t a l  of 53 passengers. The 
coach weight is, empty with 95 gallons of fue l  o i l ,  17,560 lbs.  Body width is  
95-314 inches; body height is  118 inches. Bus wheel bas,e is  235 inches. Turn- 
ing radius wheel, r ight  and l e f t ,  i s  32 feet '  2 inches; turning radius a t  body 
corner, r ight  and l e f t ,  i s  37 fee t  1 inch. Tire  s i ze  is  10.00/20 inches. 

Heating and vent i la t ing i s  combined and w i l l  furnish 1500 CFM of a i r .  A i r  
suspension springs a re  self-leveling. 



Power 

Maximum BHP @ 2000 RPM with 560 injector  204 HP. Star t ing motor, 12 volt ,  the 
overrunning clutch drive type. 

Transmission 

Fully automatic BM hydraulic VH drive. Generator and ba t te r ies  - 12 vol t .  

Discussion 

This type of bus has just  arr ived i n  Los Angeles and i s  now operational. The 
useful l i f e  cycle of the bus has been estimated t o  be 19 years. 

Advantages 

It is sui table  for  f lex ib le  type application. It is  currently new and the  
l a t e s t  re l iab le  piece of equipment of l imited s ize.  

Disadvantages 

1. The bus passenger capacity os too small f o r  rapid t r a n s i t  operations. 

2. A- system based on t h i s  bus requires too many operating personnel. 

3. The d iese l  fue l  exhaust i s  very objectionable, 

4. Unless the vehicle was guided on the superstructure, it may be very 
precarious driving. 

Recommendat ion 

The system being very f lex ib le  has a potential .  We recommend tha t  some fur ther  
consideration be given, 



System Type: 

Sss tem : 

Existing 
Instal la t ions:  

Tyj?e of Use: 

.. 
Engineering : 

Paver System: 

Propulsion: 

RWnin., Gear : 

5-e of 
Switch : 

Submitted 
Sufficient 
Information: 

Design Speed: 

Reference 
Material 
Submitted o r  
on Hand: 

BUS - 
ELECTRIC TROLLEY BUS 
T ~ o r  ground level ,  sub- 
way, overhead application). 

Flexble Coach Company 

In most a l l  large c i t i e s  
i n  the United Sta tes .  

Feeder l i n e  t o  rapid 
Cransit system and 
main l ine  use. 

Trolley developed. 

Direct current. 

a l e c t r i c  motors. 

Standard bus design. 

Manual. 

Standardized overhead 
t r o l l e y  wire switches . 

Yes. 

46 miles per hour. 

Brochure. 

System Description 

The use of t r o l l e y  buses would be an adaptation of available equipment i n  
a new grade separated right-of-way. 

System Evaluation 

The cost of providing; a catenary feeder l i n e  f o r  high speed operation would 
be excessive f o r  t h i s  system. 



Wle an operatian muld be c l e a  and quiet, the f lexibuity is l u t e d  
as Gapwed to s bp~t0.r bus umler simflar maditium. 

Wcvr  further wllsiderati.on akLbuld be given to this proposal for applicatian 
in' the LKPVA service -a, 



Type of System: 

System : 

Proponent : -- 

Existing 
Ins ta l la t ions  : 

Type ,?f Use: ---.----- 

SUPPOIiTED AND 
ELEVATED TYPE 

"CARVEYOR" SYSTEM 
Stephens-Adamson 
Mfg. Co. 

George P. Crank, 
S . E. Lunden & 
Associates 

None 

For the  L.A. 
Central Busi?ecs 
D i s t r i c t  feeder 
l i ne .  

Development 
Engineering: Yes. 

Power System: Elec t r ic  current. 

Propulsion: Rubber b e l t  and 
ro l l e r s .  

Running Gear: Skid and s ide th rus t  
wheels. 

Guidance : Inherent guiding and 
taper  ro l l e r s .  

Type of Switch: Not applicable. 

Design Speed: Up t o  15  miles per 

Submitted Suff ic ient  infor- 

1 11 hour. 

1 11 Suff ic ient  mat ion. I[ Information : 

Ref erelice (1 Carveyor" brochure. 
Material 
Submi.tted o r  
on Hand: 

System Description 

The system i s  an elevated rubber b e l t  runway, with tapered r o l l e r  arrangement f o r  
turning corners. Therollers a r e  powered and speed synchronized with the  main 
l i n e  b e l t .  

I 

Each s t a t i on  i s  provided with a decelerating runway consisting of varied s i z e  
r o l l e r s  which reduce the car speed progressively t o  match the  p a r a l l e l  loading 



1 
moving walk speed. When the re la t ive  velocity of the moving walk and the - 
approaching car becomes zero, the car daors can be opened t o  discharge the  
passengers. The car proceeds at the re la t ive  zero speed f o r  passenger pick- 
up o r  w i l l  continue unoccupied. A t  the  opposite end of the  s tat ion,  the car 
enters on a ser ies  of progressively sped se t s  of ro l l e r s  u n t i l  it a t t a ins  the 
synchronized speed of the main l i n e  b e l t  upon which it enters on i ts  continued 
duty cycle. 

System Evaluation 

The carveyor system is  adaptable f o r  the central  business d i s t r i c t  passenger 
t r a f f i c  and can be operated on multiple pat tern and a closed loop. 

The system is safe, quiet  i n  operation, and should prove t o  be economical i n  
operation. It is a single purpose system fo r  local ised areas. 

Recommendation 

The system should be studied fur ther  fo r  the central  c i t y  secondary dis t r ibu-  
t i o n  system. It is completely automatic and requires no operators. 



System Type : AIR -SUPPORTED 

System: 

Progonent: 

Exis t i n e  
Ins~Lalla,tions : 

I .:-, i ~ r  ,;e of Use: 

Power System: 

Propulsion : 

Running Gear: 

AIR  RAIL TRANSIT 
S'ISTEIJ; 

Ideonics Corporation 

None. 

For use MMTA Over- 
head System. 

-., 
~;ot engineered. - 
concept stage .. . 
Gas turbb-electric.  

Magnetic ieduction. 

Compressed air cushion 
without wheels (Signal- 
l i ng  wheels provided f o r  
emergency). 

Guidance : Channel a i r  reaction 
t rack (no guide wheels 
and no physical con- 
t a c t  with the r a i l ) .  

Special switch (trans- 
f e r  switch). 

Design Speed: 60 miles per hour. 

Submitted Insuff icient  informa- 
Sufficient t ion  f o r  conclusive 
Information : evaluation. 

Reference Ideonics Corporation 
Material proposal and photo- 
Submitted or  graphs, verbal descrip- 
on Hand : t ion .  

System Description 

A "Y" type structure,  supporting two p i a l l e l  channels mounted a t  the ex- 
treme "Y" arms are precision aligned t o  close tolerances. 



Alumin= '$tlUingn rail is mounted centrally on axis of the beam. There 
i s  so outside source of power t o  the vehicle. 

Ckr tranls an a eshLon a$' coxpressed air and the wveapept is f i i c t i a -  
l ess -  Car h.13 no traction wbels, except retractable auxiliary rolzers 
wed for graund maneuvering at rep- shops, c l ~ s i f i c a t i c m  yards and 
elaergencies . 
%eh ccw c w h s  80 passengers with 60 seated in  40-50 ft.  car length. 

Train is made! up of three cars a@ the trajn hets Sour gas turbine genera- 
tors. 

The t w r b h s  drive e lect r ic  3 PrH-AC generators each pmduc,ing 150 EPc 
'Be edstust gas &rives an air mmpmwor. 

6ach c%m is equipped wSth faur ''legs" &signed to provide approximately 
eight s q m  feet af reacticrn surface. These "legs " may be conpared to 
CtmvEntIonal trucks. However, they dk, not have any trwtia capability 
and =rely produce the reactive air Uft rceceasary +D suertain tkie cax 
a'twve the ~hazmel:~.rails. 

The turbine air ccmgressor applies tk neesswg remtive energy via the 
air streas which ;is blt?d fmrn the "legn pads to mairltain the cas a b v e  
the chsrmel tl'ack a% a nonxhal height appruximtely 114 inch tu 112 inch. 

The l a te ra l  oscillatian of the car is restmined by a blast of  a* c0fi-d 
by the i3fdes of the chamel rails a@ prevents phpical c?caXtact of the 
"leg" with tb channel. 

The ~Jyphisrse turW-elec'tric piowex- units driven by gas turbines at mnertant 
speed, plrrvides epergy P0r mhgwtic bductioin stFaight1b.e mtOr through 
intemctichp wlth the WMCX '-'I r&l which  1s P-Lxed to t b  aup&fag 
structure. 

The aalJr Wor factors effectjzg hr,psepowr requirez&ests we desired acceler- 
ation at raked gross wefght and em-dynamic msistmce at tap speeds. 

Squirrel-cage type flat rator m+ar .Of appmxbnately four Feet i n  le&h 
m u t e d  twa per car.  

This LZ~T develupmIlrt, gencemXly e a l b d  .a '$roua.d effect vehicle " has been 
e ~ r I m e a ~  verified by tbe Ford W*r Coarpany, the U. S c  A*  Am&y, and 
by fully develxrged equipuent in Great Britain, 



The Ideofiics ~ ~ a t i ~ n  ccmctept uses the axme bmic principle, except 
that it introduces mther propulsion feature pzesently used by the 
h d  Fmces at ~ ~ I % L L  Ugh-speed test aled s i tes  and akso wed fur 
~ t & p u l t a  on airem,ft carriers. 

F u l l  advantage af dpmzate braking. ( X t  is co~leeivable that in c w  af 
exergeacy, the car c a l d  Be cawed 4% rest  on the nmw an 

rrrma~rs as p a x A r l  sled brake) * 

Cc&1vertebility qf @ade separated f l a t  plate t o  uti l ize this concept, 

W reCOwnd this  revalutkwtry ooncept bre stuUed Sn mn,junctian 
with canvent- rail camepts 



B. TRANSIT SYSTEMS QUESTIONNAIRE 

CRITEKCA FOR M A  

EVALUATION OF EQUIPMENT 

AND 

STRUCTURAL REQUIREMENTS 

The following information is furnished to all Proponents of 
mass rapid transit systems for guidance, to elicit the per- 
tinent points of the proposed system; equipment, and its 
fundamental engineering. 

The information desired from the various presentations will 
be classified for evaluation of the individual design status 
of the proposed system and equipment. 

NOTE: All information furnished in response to this - 
inquiry, which may be considered proprietary, 
will be held confidential. 

DANIEL, MANN, JOHNSON, & MEND- 
Architects & Engineera 



I. GENERAL CRITERIA: 

A. No generalization in broad sense shall be presented f o r  
evaluation. 

B. The interpretations i n  the evaluation study may be misleading 
and detrimental t o  the  Proponent of the rapid t r a n s i t  
system. 

C. The proposed system may be above ground, underground, o r  
surface transportation, o r  a collibination of the above 
types. 

D. Each specif ic  question, s h a l l  be answered wherever applicable 
t o  system o r  equipment under consideration, as3 brief  descrip- 
t ion, including length, operating speeds, s ize  of cars, etc., 
of any commercially operating ins t a l l a t ion  or  the type 
proposed. 

E. In  the  absence of an instal la t ion,  such as above, a br ie f  
s i m i l a r  description of any t e s t  ins ta l la t ion  and t e s t  
procedures and components w i l l  suffice.  

ANSWER: 

A. Operating l?erfor?nasce 

I. What i s  the guaranteed acceleration from s t a n d s t i l l  t o  
50 miles per hour of a car with full  seated load @ 140 
pounds per passenger on s t ra ight  l eve l  t rack w i t h  clean 
running surface? 

2. Based on maxinnun nwnber of t r a i n  stops d 90 second in ter -  
vals, is  the  air colqressor capable t o  sustain the air 
receiver pressure with apple safety margin? 

ANSWER: 

3. Have you arranged f o r  aut;omatic f i r e  protection t o  the 
running gear and how i s  t h i s  acconplished? 

ANSWER: 

4. What is the  guaranteed balancing speed under the s w  
condition, as above in  (I)? 

ANSWER: 



5 .  What allowance i n  t o t a l  t r a in  resistance is required 
for  curve resistance? Test basis, if  any, for  deter- 
mination of th i s  allowance. 

6. What are the guaranteed service and emergency braking 
rates under normal track o r  running surfsce conditions? 

ANSWER: 

7. What factors of adhesion, over the operating speed 
range, can be expected under n o d  conditions and ad- 
verse conditions, such as rain and o i l  contamination of 
the running surface? Test basis of these figures, i f  
available. 

ANSWER : 

8. Submit speed-time, speed distance, asrd scheduled speed 
vs. length of run m e s  for a vehicle, under the 
conditions of (1) above. In calculation of scheduled 
speeds, a speed margin of 5 percent ($) (time added 
over a no-coast run from s t a r t  to  standsti l l ) ,  shall  be 
used. (20 seconds stop time). 

A. What i s  the light,  or empty, weight of the car, colwlete 
with drive and dl attachments? 

B, What i s  the seating capacity of the car and the area available 
for  standees?  o or stmctur8.I consideration). 

ANSWER : 

C. Describe the structure asd materials providing the main 
structural strength of the car. 

D. What design stresses are used for the above materials? 

ANSWER: 

E. What buffing strength, expressed i n  longitudinal squeeze 
without causing permanent deflection, is  the vehicle designed 
t o  have? 



F. What a re  the nature and location of couplings between cars, 
the coupling strengths and impact absorbing character is t ics? 

ANSWER: 

G. As  presently considered, what a re  the number, size,  control, 
and locations of doors, including end doors f o r  comunica- 
t ion  between cars if  considered feasible? How operated - 
e lec t r ic ,  pneumatic - hydraulic, and what safety features 
a re  incorporated? 

ANSWER: 

H. What is the type of closure between cars? A s  a t ra in ,  is  
access between ears possible o r  contempLated, and wha t  
safety precautions a re  the function of design? 

ANSWER: 

I. What l eve l  of illumination (foot-candles on a 45' plane 
33 inches from the f loor) ,  f s provf ded? 

ANSWER: 

J. What a re  the sources of power f o r  normal illumination, 
emergency l ight ing and door controls? 

ANSWER : 

K. Describe the  contemplated provisions fo r  ventilation, and 
a i r  conditioning, i f  included? 

AN- : 

L. Describe a l l  safety devices concerning the car. 

ANSWER: 

M. Describe procedure and car securing mechanism t o  platform. 

ANSWER : 

NI Describe procedures i n  case of car break-dome How are  
passengers transferred from s t a l l ed  t r a i n  o r  car, e tc? 

ANSWER: 

0 .  Please give switch cycle time. 



BODY TO TRUCK CONNECTION, OR SUSPENSION: 

A. Describe clearly, but br ief ly ,  the method of connections 
between the car  body and trucks? 

ANSWER : 

B. To what extent is body s ide sway permitted by the suspension 
o r  support system, and how limited? 

C. Are provisions t o  prevent, o r  t o  l i m i t ,  s ide sway during 
approach t o  a s ta t ion  platform, and during loading and un- 
loading, considered necessary? I f  so, what provisions a re  
made? 

D. What are  the horizontal and ve r t i ca l  locations of the center 
of gravity of a l igh t  car re la t ive  t o  the  running surface, 
o r  r a i l ?  

ANSWER: 

TRUCKS (BOGGIES - POWER NACEZLES): 

A. Give a general description of the trucks, from the  point of 
attachment t o  the car body t o  the running rail  or surface. 

B. What a re  the  overall  dimensions and wheel-base of the truck 
as s e~libly? 

C .  What s ize  and type of wheels a r e  contemplated? 

D. I f  wheels having s t e e l  ro l l ing  contact surfaces a r e  conkem- 
plated, what noise prevention measures are  contemplated? 

ANSWER: 

E. If rubber t i r e s  are  t o  be employed, describe the  nature of 
the t i r e  and i t s  average and maximum loading per square inch, 
and s t a t e  what increase over norma,l ambient noise leve l  the 
t i r e s  of one car w i l l  produce at 50 miles per hour? What i s  
the t i r e  adherance? 

ANSWER: 



F. How i s  guiding action of the truck obtained? 

ANSWER: 

G. What provisions are  made for  l a t e r a l  s tab i l iza t ion  of the  
truck, and the  working strength of such provisions? 

ANSWER: 

H. A s  l imited by vehicle and truck characteristics,  what per- 
miss ib le  speeds on tangent and representative curves a re  
guaranteed? 

ANSWER: 

VI. PROPULSEON SYSTEM: 

A. What would be the continuous shaft  horsepower rat ing of 
propulsion equipment per car? 

ANSWER: 

B. How many of the load-bearing wheels per car w i l l  be driven? 

ANSWER: 

C. What form of transmission and gearing is  contemplated? 

ANSWER: 

D. Describe b r i e f ly  the method of speed and direction control, 
s ta t ing  the continuous duty gradations of control. 

ANSWER : 

E. What type of braking is  considered, including provision 
against loss  of normal service braking medium? 

ANSWER: 

F. What specific consideration has been given the adaptabili ty 
of control and braking t o  the addition of automatic t r a i n  
control and of the  functionally more inclusive automatic 
t r a i n  operation? 

ANSWER: 

G. Describe the manner i n  which brakes a r e  serviced. Are a l l  
brakes self-equalizing? 

ANSWER : 



H. What type of brakes are  employed; shoe - disc  - expanding - 
dynamic, e tc? 

I. What features, or  special  provisions, a re  contemplated t o  
minimize noise, at the  level  of the  trucks and propulsion 
equipment ? 

ANSWER: 

J. Describe b r i e f ly  the  propulsion medium characteristic - 
DC-AC motor, other e l ec t r i c  motor types o r  internal  com- 
bustion engines. 

ANSWER: 

K. In  the preferable instance of e l ec t r i c  propulsion, what pro- 
visions (as t o  type and location) a re  made for  energy 
collect ion? 

Lo What w i l l  be the  energy e o m q t i o n ,  e lec t r ica l ly  i n  watt- 
hours (at the p0in.t of energy collection) per c a r - a l e j  o r  
f o r  fue l  propulsion, in B. T. U.'s per car mile under the 
conditions of (+- a ve? 

&/- I  

VII. SIGNALING AND CONTROL: 

A. What form of signal display i s  conteaplated - wayside, cab, 
o r  both? 

ANSWER: 

B. What form of signal. ci rcui t  i s  provided, and how arranged? 

msm: 
C. Is provision made fo r  track-trippers, m d  i f  so, t o  perform 

what function? 

D. What provisions, i f  any, have o r  can eas i ly  be made for  
automatic t r a i n  control o r  operation? 



V I I I .  cplmuNImIQN: 

A. What f a c i l i t i e s  for  voice o r  signal communications are  
contemplated fo r  the following: 

1. Station t o  station; 

2. Dispatcher t o  station; 

3. Dispatcher t o  t rain;  

4. Car t o  car; 

5 .  Public announcement at stations and on trains .  

ANSWER: 

1x0 COST ESTWESt 

A. Sta te  cost of operating t r a i n  unit. 

ANSWER : 

B. Cost of each car, 

AN=: 

C. Estimate maintenance of system, 

D. Estimate cost of trackage per mile. 

ANSWER : 

X. PJtC ENTS : 

A. What are  your patent identifications,  and licensee affilia- 
t ions ? 

ANSWER: 
-.. 

XI .  STRUCTURE : 

A. 'What are 'design loads fo r  supporting structures: 

1, Vertical Loads 1, B e r n  2. Column 

ANSWER: 



2. Lateral  Loads 1. Beam 2, C o l m  

ANSWER : 

3. Torsion Loads 1. Beam 2. Column 

ANSWER: 

4, Axial  ail) 

ANSWER : 

B. What combinations of loads a re  used i n  des%gn? 

ANSWER: 

C. Have the e f fec ts  of dynamics been considered? How? What 
resu l t  in@; design modifications? 

ANSWER: 
L 

D. What a r e  dimensions of recommended support members? Are 
patents involved? Spacing of supports? Shape and materials 
used f o r  support? Design s t resses  used? ( ~ l e v a t e d ,  surface, 
sub-surface). 

E. 'What a re  dimensions of switch? Materials? 

ANSWER: 

F. What are suggested dimensions of switch support members? 
Materials? Method of operation? Time t o  operate? 

ANsm : 

G. What are rnaxirrsuln grades? ( ~ t r a i g h t  & Curve) 

H. What are  speed-curve radius - super-elemtion reeommend.a- 
t ions? 

ANSWER: 

I. What maintenance yard f a c i l i t i e s  a re  required? 

1. Support beams - s h e  and span, 

2. Beam support requirements. 



3. Switch requirements* 

4. Special car support requirements - bridge crws ,  etc. 

ANSWER : 

J. What are anticipated costs of support system for straight 
and curved track, switching, etc? 

ANSWER : 

K. What axe outside dimensions of vehicle and clearances for 
safe operation? 

aNSWER: 

I,. Wh;at are power requirements? Voltages, frequencies, 
qu;aptity '2 

ANSWER: 



C. s i d  Transit C q s  apd =ppment 

Transit C&TS shall  be of lightweight t y p e .  The conventionaL c w  as 

manIrfactured today are cnnsidered too heavy for toartyfs modern tram- 

PQl?t am** 

t 

The possibility exists  that the cars my  be of the conventiomiJ type, 

suspended type or  n u p ~ r t e d  type. In a y  case, the weight i s  impor- 

tant,  because it reflects  excessive msts to the overhead structures, 

sad as conventianal type a lightweight cas structure can reflect  f i r s t  

init ial  wst and reduced maintenance and operating costs. 

C a r s  shall be so  designed as to a l l o w  their  operation with ndnbmm side 

s w ,  either suspended or stlpported. 

If' suspended, the natural sway in  curves must not place tnrsion&l 

stresses in coupled car or cars following. The couplere m u s t  be of a 

.design Co allow for  the p~eceeding car l a te ra l  displacesent, and be 

autcnrnatic in fhxction, self-lcrcung with abi l i ty  t o  a t ta in  e lect r ical  

power interlock connec+ion a d  the gi$nal s y s t e m .  

The buffing st-h of the car shall  be 2.5 t i m e s  the tatal and loaded 

CaWity-  Center of gravity 6ihaJ.l be an the e a t e r  af the supporting 

r a i l  as passible to redum the pendulum reactian t o  a minimum. This 

wi l l  result i n  sway daqing mechwism with leas t  corrective effort, 

Seats shall be designed Wlth passengers codort  in mind with ample ais le  

w&&h for easy and ragid ingress and egress. Doors shall be automatic 

Mth sensitive mbber edgeg imd operable Iran the driver s cab. 
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DCMrs shall  be securely locked i n  place aad interlacked with con- 

trQlless &a prevent t ra in  f r o m  mving with any of the doars open, 

Emrgency escape shall  be provided for suspended cars. Cars ahall 

be arranged far ventilatian and heating. 

Cooling by refrigeration is desirable. There axe problems which 

must be resolved by further studies- In order t a  keep the C.G. 

of the car as clase t o  the aupparting rail as possible, the re- 

frigeration unit shall be mounted on the traction bogie with flexi- 

ble connectors t i ed  to the evaporators munted .on the buffer beam 

of the car. 

The hydraulic pump unit and the air compressors shall  also be munted 

on one Q? the traction bogies, with flexible connectors connected to 

the functional parts of the car t o  reduce the sprung weight of the 

car and increase the tractional effort  of the traction wheels. 

Trucks (~og ie s  - Suspended Spli t    ail) - 
The axles shall  Ire full floating and subject t a  torsianal stress only 

and drive through a differentialJ  

The reduction gearing shall be of the spiral or helical type with 

shafting munted i n  tager rol ler  bearings with adjustable thrust 

feature. 

Hypoid pinion arrd gear shall be the power take-off, 

Every effort shall be made ts reduce vibration and w i s e  by proper 

selection of gear tooth f ~ m  9ad gear back lash. 
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The propulsion motar shal l  be f lwge atountedj b w l u t e  spline drive 

shaft shall have rubber disc drive. 

Dynamic braking shal l  be enplayed in  any system used. Friction brake 

shal l  automatically t ake  over from 5 miles per hour tb zerq speed a;nd 

also be used for  parking. 

Wherever automatic operational system is used, the braking shall be 

arranged t o  respond to  all safety blocks as commanded, with m a p d  

override a t  driver ' s discretion. 

Pneumatic rubber t i red  wheels mqy be used, provided each t i r e  Load, 
- . ,  

i n  the mast uafhmrable condition, meets with the t i r e  mmufacturerts 

reccmmendatbn and guarantee, at the specified balancing speeds, temper- 

atures, and deceleration rates, with ample sa9ety margin. 

Steel  wheels may be used on s t ee l  rails. Souad deadening in  the high 

frequency spectrum is recommended as a requiremnt. 

Industrial type rubber t i r e s  shall not be used for  guide wheels i f  

guide wheels are used. 

Aahe8 ian 

The average conditions of adhesion should not affect controllable 3.5 

milea per hour per second, with 4.5 miles per bour, per aecond avail- 

able a t  all time for emergency braking decelera t io~.  



The adverse conditions of adhesion include such factors as rain, 

txee leaves on rail or track, o i l ,  etc.,  on fixed running sur- 

face- 

Conventional C a r  Truck shall be of modern lightweight. !L% truck 

stress wmibers should preferably be a l e  alloy forging, properly 

heat treated and 11onualized for its ultimate strengbh. 

The hunting tendency of the track sha l l  be snubbed by fr ic t ion pads 

and f ina l  r e ~ t r a i n t  made by appropriate rubber bumpers i n  the Later- 

al direction. 

Vertical truck chassis displacement shall be snubbed and fr ict ion pads 

eqloyed t o  dampen high frequency oscillations. Air springs and self-  

leveling air valve mechanis~~  shall be made use of together with tor- 

siCrn&l rads inbedded in  rubber gromts. 

The car shall be cradled i n  a ba l l  joint self-lubricated thrust bear- 

ing, supported by a "rubber" ring encased in  the bolster rwd cwse 

rubber t o  be in shear. 

Cantrols and Signals 

The cars shall be fully controllable from either end, or  if articulated 

caS design i s  hsed, it shall, also be driven in either direction from 

either end. 

ZlEbe C w k m l s  shall respond tu complete central automation and a l l o w  

driver discretional overriding. 
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The &w?rse conditions of adhesion include such factors as rain, 

t r ee  leaves on rail o r  t rwk ,  a i l ,  831d e k e ,  on fixed running sur- 

f ace . 

Conventiand Car 'Itruck shall be of modern lightweight. The truck 

stress mmbers should preferably be aluminum alloy forging, properly 

heat treaked and nornreilized for  i ts  ultimate strength. 

The hunting tendency of the truck shall be snubbed by f r ic t ion pads 

and f ina l  restraint  made by appropriate rubber bumpers i n  the la ter-  

al direction. 

Vertical truck chassis dispLacement shall be anubbed and f r ic t ion pads 

employed to dampen high frequency oscillations. Air springs and sel f -  

leveling air valve mechaisms shall be W e  use of tagether with tor-  

s i aa l  rods lnbedded i n  rubber gronrmets. 

The cax shall  be cradled i n  a ha l l  joint self-lubricated thrust bear- 

ing, supported by a '!rubberw ring ellcased in the bolster and cause 

rubber to  be in  shear. 

The eara '.aha31 be fu l ly  cmtrollable from ei ther  end, or  i f  articulated 

csr design i s  used, it 'shall also be driven in  either directiun from 

either end. 

The controls shall respond t o  complete central automation and d low 

driver discretional ovem5ding. 
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The signals shall  be the standard block l ight  system mounted-on the 

car operator ' s dashbowdo 

Canrmunicatian shall be by dLspstcher's radio to each kraln and through 

telepbme a t  each station, station-ta-train, train-to-dispatcher, and 

t o  station. 

Car Automatian 

On the basis of 50 miles of dauble track, 200 cars (40 five car t ra ins) ,  

tbe estimated cast of complete train automation from a central control 

raom snd pruviding one spare computer and -a black box elerorznt f a r  each 

car, i s  4-5 million dollars . 

Standard block system for  the sane coverage as stated above; the cost 

estimate i s  13 million dollars 

There will be one electronic black box per each individual car or  each 

individual t ra in .  Th i s  instrument w i l l  relay track informatian to, and 

receive inPomation from a. digi ta l  canrputer, located a t  the central dis- 

patcher's office. 

Only the dispatcher w i l l  have the overriding capability over a -. 

F a h  driver of the car w i l l  bave discretianasy overriding capability 

over his particular ear or trrz*. 



D. Electric Power Applications t o  Rapid Transit Trains 
h U r ~ a n , A r e a ; s ' " ' ' - - -  - - *  

1. General 
_rr__ 

As as exrzrqple of the power requirements of rapid t ransi t  service, 

one six-car rapid t ransi t  t ra in  weighing 165 tans requires 3500 

kw (4700 horsepower) of power for a short time (about 5 seconds) 

during acceleration a t  a ra te  of 3 miles per hour per second un- 

til the speed i s  about 30 miles per how,# af ter  which the power 

demand drops off gradually while the t ra in ' s  speed continues t o  

increase, but a t  a less ra te  of acceleration un t i l  a f'ree-nmn- 

ing speed i s  r e a d ,  o r  unt i l  the speed m s t  be decreased by 

coasting and braking qnd the t ra in  k m g h t  t o  a stop a t  the 

next station. Also, a smaller power demand, i n  addition t o  

traction power, exists continuously because of e lect r ic  lights, 

a i r  coqressors, etc . , an the t ra in .  Longer trains would have 

prupurtianately larger power requirements . It is  estimated that 

when trains follow one another on a 1-1/2-mirmte headway, the 

t o t a l  power required i s  considerable, averaging 2600 kw per 

double-track mile during rush horns. 

Bath prime movers (self -contained sources of energy) and power- 

collecting electr ical  system axe considered in thig discuss- 

ion. 

2. P r i m e  Eaoyers 

a. Nuclear Power Units , - - - . .  . . , . .  - - ~  , . . , .  - >  

Because of the lasge size and heavy shielding required for 



.- 
the only nuclear power generating units so far deve-ed, 

nuclear power can be applied t o  the rapid t ransi t  system 

'qnly by the Transit Authority building its awn nucleEzr- 

stem-elec$rie stationary power stat ian and t rasmi t t ing  

apd distributing the electr ic  power. This system is  not 

recommended, however, because nuclear power plants have 

not yet been proven t o  be economical i n  the United Bt-s 

where cheap fossil fuels are available, and an account of 

high development costs. Previous experience i n  other 

c i t i es  have shown that, since the load factor of a trassit 

system is low, a central pawer plant which supplies only 

a t ransi t  system would be uneconomical, as compared with 

. a nearby power u t i l i t y  serving many diversified custumers. 

b, Jet-Engines 

The use of j e t  engines or power units on rapid tgansit 

trains i n  iqprac t iad  because of low efficiency on 

account of the relat ively slow speed of t ra ins  in  higher- 

density atmosphere, as compared> t o  airplanes where je t  

er&ines are efficient,  and because of the large amount 

sf fumes and noise emitted by the Jets .  

c . Other Internal Combustion Engines 

The use of diesel engines and gasoline reciprocating 

engines t a  power rapid t ransi t  t rains with high acceler- 

ating rates is  impractical because of the size of the 

engine necessary $0 furnish sufficient power for  high 

acceleration. 
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Diesel engines hgve been s,uccessful .on locambtives 

and interurban trains with relatively Low accelera- 

t b n  rates, but urban rapid t ransi t  wlth short runs 

requires high acceleration. Gas turbines using kero- 

sene as fuel  have been developed with sufficient harse- 

pawr srrd smaU s ize  ta SLullish the requisite power, 

ar tmb- t o  a two-car u n i t ,  but the high temperature 

heat losses, poor efficiency a t  l igh t  l a d s  and when 

idling, fumes, and danger of f i r e  f'rorn kerosene tanks, 

make them impractical for multiple unit passenger 

service, especially if long subways w e  to be traversed. 

d. Fuel Cells 

Fbel cel ls  are a new development i n  pruducing e lect r ic  

power by chemical maas (similar t o  a flashlight cel l ,  

but m r e  powerful and can be replenished continuously). 

90 far, these ceUs have not been developed to have suffi-  

cient pmer for buees or r q i d  trawit ears. 

Power-Collective Bystems 

The problem of obtaining power econamically i n  an urban 

area .can be solved by purchasfng e lect r ic  power Born one 

o r  more of the Local u t i l i t i e s .  This puwer would be dis- 

tributed over the u t i l i t i e s '  circuits  h trscticxs 8ub- 

stations spaced at intervals near the rapid transit tracks 

(see ~ i g u r e  ~ - B - I ) .  
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These substations feed the current-collection system, 

trolley wires or contact rails, *om which the trains 

obtain their powerc In some IcrcaUties, the Trimsit 

Autharity bew ms and crpera-kes a suitable power distri- 

Butitm s y s t e m  f e d  by the Bauthem Wifa rn ia  -$disrJn 

Campasly. 

The number of traction sub9tati~n.s and the* spacing, 

end whether cgatgct rails can be used, depends on the 

valtage selected for the current-collection systems-- 

the higher the voltage, the fewer substations are needed. 

It is seen tha t  carrta of subs ta t i~m and the current- 

mUeetion system e w  theoretically be minimized by 

making the current-collection voltage as high as possible, 

There are c e r W  technical considerat h n s  , U v e r ,  whlch 

limit the current-collectian voltage. H i g h e r  voltages re- 

quire greater clea,ranees because %he insulators are larger 

snd the arcing distances amt greater. %me subwhan elee- 

tricf ra,ilways have 11,000-volt (a-c) contact qystem with 

substgtj,ons 20 miles apart, and some have 300CLvalt (d-c) 

contact system with substatians 10 miles apt&, but these 

system have overhead contrrct wires above the raiLs, 

(Mgures IV-B-2 and TV-B-1 alternately), Most urban rapid 

transit systems, where ~verhead clearances would be costly 



Because -of the law:@ tunnels which would be required, 

now use 600-vokt (d-c) c a t &  r a i l s  at the side of 

the track and are in tunnels as small as practical. 

(8imi.m ta Figure IV-B-2, except Zaw cantact rails 

and lu, overhead wires). The s u b s t a t i m  are approxi- 

ma%ely 2 miles apart. Most of the rapid t ransi t  sys- 

tem n m  being considered fur the U s  Angeles Metmpli- 

tan Area w i l l  also have close cleam,nces for  thefr con- 

tact systems and, therefore, rrnzst m e  a fairly low 

voltage current-collection system. 

The question a;s to whether ct.c ar d-c valtage sbould be 

used wil l  be decided by econcrra3.c and technical considera- 

tions, W. Undoubtedly, the power purchased frm the 

local power u t i l f  t i e s  wil l  be a-c 3-phase at a frequency 

of 60 cycles per second and at a voltage of 34,500 volts 

or 16,500 volts which em be t r d t t e d  ecanamically 

over the distances i n ~ 0 1 ~ e d .  This purchased +phase 

power will be trarmfornned or m v e r t e d  i n  the tractian 

substations t o  the wltage selected for current collect- 

ion. ~t simplify the aubstation~ 3.f t h i s  60-cycle 

a-c p r  c'ould be nerely stepped down by transformers 

for use by the trains. 

D i r e c t  current (d-C) voltage haEl an adv&ntage aver the 

a-c wltage inthal; d-c traetlan mtars are very well 

suited to rap5d t ransit  service with high accelerati~zx 

rates. 
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This type of motor i s  well developed and successful, 

while i f  a l ternat ing current i s  used, the a-c t rac t ion  

motors f o r  d i rec t  application have' not been developed, 

except f o r  special  low frequency (25 cycles per second 

or  l e s s )  o r  f o r  wound-rotor 3-phase motors which axe 

bulky, more costly, and require 3-phase conductors. 

Another 3-phase system has been proposed, h o w e ~ r ,  

which would be new i n  t r a n s i t  service, and which was 

considered once i n  previous reports fo r  San Francisco's 

and Los Angeles' new rapid t r a n s i t  systems. This new a-c 

system would operate on 2300-volt 3-phase 60 cycles, using 

constant-speed squirred cage m t o r s  driving the t r a i n  axles 

through a hydraulic "torque converter" variable speed device. 

So far, a car truck with torque converter and squi r re l  cage 

motor has never been bu i l t  fo r  t r a i n  service, so it is not 

known how much space would be required and how much the 

equipment would weigh, and whether it can be used on some of 

the supported and suspended type railways being considered. 

The substations would be transformers and c i r cu i t  breakers 

with reverse-power protection. 

These power application systems w i l l  now be discussed i n  de ta i l .  

b.  Single-Phase, 25-Cycle, A-C System with Series Motors 
(Figure IV-B-2)' . . .  . -  

The al ternat ing current system of power dis t r ibut ion has two 

outstanding advantages : (1) simplification of substations 



which require cnly switching and, possibly, s t a t i c  trans- 

fanners for  lowering the voltage t o  a suitable voltage f o r  

the t raina if clearances w e  limited, and (2) the possibi- 

l i t y  of using hi& voltage current collection with widely- 

spaced substations, where clearances are not d i f f i cu l t  t o  

obtain, as i n  "classical" railroads, with anly transformer 

equipment and tap changers required on cars using 25-cycle 

aeries  a-c motors. This 25-cycle a-c system is now being 

used on the large Pennsylvania Railroad and Reading Compauy's 

suburban services i n  Philadelphia and the New York, New Ea,ven 

and Hartford suburban services out of New York. 

The disadvantages are: (1) a large frequency changer, is  

necessary at point of power supply, (2) slower accelera- 

t ion  i n  rapid t r ans i t  service, (3 )  noise of starting, due 

t o  magnetic hum, Etnd (4) necessity fo r  transformers on the 

cars. Also, high voltage current collection would be prac- 

t i c a l l y  impossible on low-clearance systems such as suspended 

systems and some "straddle " monorails. Last, and probably 

most important, the rapid t r ans i t  operating authority pro- 

bably would have t o  own i ts own 25-cycle power distribution 

system, 

c. Three-Phase A-C System Using Fluid Drive (Figures IV-B-3 and 

The 3-phase a-c system at the commerciaJ frequency of 60 

cycles would require a complicated current collection 



arrangement, including two  insulated contact wires and 

the ground through the supporting structures, as the 

th i rd  phase, with 2300 volts between phases. Each 

truck on the t r a i n  would h v e  mounted on it one 200- 

horsepower (nominal rat ing)  3-phase 60-cycle squirrel- 

cage motor which w i l l  run at nearly constant speed 

whether the t r a i n  i s  stopped a r  whether it is i n  motion, 

two f lu id  transmission systems (one per axle), and two or  

three collector shoes. The torque of the motor i s  trans- 

mitted t o  the axles of the truck through a type of f lu id  

drive such as the torque converter which was developed 

primarily fo r  automobile drives. The deta i l s  of the torque 

converter application and i t s  remote control, within the 

space limitations of a railway truck would have t o  be 

developed. A gear-shifting arrangement would be necessary 

f o r  reversing the t ra in .  

The principal foreseen d i f f i cu l t i e s  of t h i s  system are the 

high voltage drop due t o  the impedance of the c i rcui t  over 

the desired distances, the current collection a t  2300 volts 

3-phase, which is high for a comparatively inflexible t ro l ley  

x i re  made necessary by the confined space available on sus- 

pended system and "straddleS' type monorails, and the high 

losses durfng acceleration of a f lu id  transmission. Also, 

it would be d i f f i cu l t  t o  design the t ract ion equipmnt t o  

be within the space limitations of a car truck. 

-8- 



The principal advantages are the simplification of 

power supply and of wayside substations which would be 

secondary-network transformers and the i r  protective 

devices plus capacitar banks along the tracks t o  Ira- 

prove the voltage regulation. Because of the lack of 

experience with t h i s  e l ec t r i c  application, extensive 

developmental test ing of the torque converter 

should be made i n  the shop before it is adopted. 

d. Three-Phase A-C System Using Variable Speed Induction Motors 

This system is  s i m i l a r  t o  the preceding 3-phase 2300-volt 

a-c 60-cycle except tha t  the t ract ion motors would be variable- 

speed wound rotor induction motors geared t o  the axles without 

a clutch or  f lu id  drive. These t rac t ion  motors would be much 

larger than squirrel-cage o r  series motors and would require 

heavy res is tor  grid and numerous contactors fo r  varying the 

speed. It i s  quite doubtful i f  t h i s  system could be applied 

t o  a suspension system o r  "straddle" type mnorai l ,  because 

of the limited space available fo r  the t ract ion m t o r s .  

Other di~advantages are high voltage drop, the necessity 

f o r  a ' k d "  current collection system at higher voltage 

than is good practice heretufore, and heavy m t o r s  and con- 

t r o l .  The wayside substations would be simple, however. 



e .  Alternating Current System Using Rect i f iers  on the C a r s  
-(Figure IV-B-2)'~ . - " "  ' ' .  . .  . '  ' ' -  ' .  - -  ' 

This a-c system, using a high voltage (11,000 volt  ) current 

col lect ion system has been successfully operated on convention- 

a l  railroads,  but would not be applicable t o  suspended systems 

and "straddle" type monorails because the l imited space pre- 

cludes the high-voltage current collection. However, it would 

be possible i f  the current collection voltage were reduced t o  

2300 volts or  below, The advantages of t h i s  system are t h a t  

low-voltage d-c t rac t ion  motors could be used which a re  well 

suited t o  rapid t r a n s i t  service and the wayside substations 

would be coqaxat ively simple. The serious disadvantages are  

the high cost of control (including transformer and r e c t i f i e r  

equipment) on each car, the  heavy transformer equipment re -  

quiring considerable space, and the high voltage drop of low- 

voltage a-c dis t r ibut ion.  

f. Low-Voltage (600-volt) Direct Current System 
+(Fi-$gres 'IV-B-3 and N-B-4) 

This d-c system has been highly developed and i s  i n  successful 

operation i n  thousands of a l e s  of rapid t r a n s i t  and surface 

l ines .  It is well sui ted t o  the high accelerations of rapid 

t r a n s i t  service.  Also, l i k e  other system using d-c motors, 

it is adaptable t o  dynamic braking which saves wear and t ea r  

of the wheels and trucks. The disadvantages include the 

frequent and m r e  cost ly  substations required f o r  power 

dis t r ibut ion.  



Also, where the running r a i l s  cammt be well insulated, 

there is  a poss ib i l i ty  of s t r ay  d-c currents i n  the 

ear th  and care mst be taken t o  maintain rai l  bonding, 

r a i l  insulation, e tc . ,  t o  minimize the s t r ay  currents.  

If space is  available f o r  the use of heavy i ron rails 

f o r  the contact system, as i n  the case of "classical" 

railroads,  the power dis t r ibut ion cost would be low, 

since the use of i ron rails on inexpensive low-voltage 

insulators  is  a comparatively low cost method of power 

transmission. 

g. Fly-Wheel Ehergy Storage on C a r s  i n  Lieu of Continuous 
Current Collection System 

The fly-wheel energy storage system would be a modifi- 

cation of the system above described using the desirable 

low-voltage d i rec t  current t rac t ion  motors, and would 

considerably simplify current collection, which would take 

place only when t r a ins  are  i n  a s ta t ion  area, where the 

f l y  wheels would be recharged. In t h i s  system, each car 

o r  two-car uni t  would be equipped with a motor-generator 

s e t  d i rec t ly  connected t o  a f l y  wheel of suff ic ient  in- 

e r t i a  that energy can be stored i n  the turning wheel. A t  

s ta t ions and other stopping points, contact shoes on the 

t r a i n  would make contact with conductors energized with 

2300 vol ts  3-phase 60-cycle current, causing the motor- 

generator f l y  wheel s e t  t o  accelerate and run a t  near syn- 

chronous speed. 



The generator an the n-g se t  wauld then: aupply accelera- 

ting power t o  the d-c tractian motors when the t ra ln  is 

started, The crontsct rails would extend p s s i b l y  200 

fee t  or so, i n  the station so that  the start ing energy 

wduld come f r a m  them tWough the mb-g se t  during m a t  of 

the high-acceleration perbd,  After the t ra in  leaves 

the vicinity af the station, the energy required by the 

traction b t o r s  wauld then cam from the generatars 

while being driven by the fly wheels, thus sluwing down 

the fly wheels to some extent. When the t r d n  is  slowed 

due t o  CiymQaic braking, some energy would be returned t o  

the fly wheels by the generator acting as motors, and when 

the trais reacbes the statian, the f l y  wheel would again 

be charged from the contact rails through the a-c =tor 

of the b g  set. 

This system has the advantage of a l e s s  expensive contact 

sytem- The disadvantages are the mre expensive, bulkier 

and heavier electr ical  equipment on the cars, the more 

frequent substations (one at eaeh stopping point), the gyro- 

acopic -effects of the fly wheels when the cars run onto verti- 

ca l  curves, and i ts  need for considerable development work far 

applicatian to rapid transit service. Also, if a t ra in  should 

havelta stop between stiatkms, far  a considerable t ime ,  there 

wauld be datlger of the fly wheel slowing down tea low due t o  

frictian and the train wauld then have to be towed to the next 

c:harging point by a service .car equipped with a prime mover Par 



4. Other Power Applications t o  Trains 

a. Air Screw a r  Propeller System , 

This type of propulsion has been t r i e d  experimentally, but 

was not auccessful f o r  high accelerations, and it had serious 

objectives due t o  noise, wind and inefficiency. 

b. Eltectro-Magnetic Propulsion f r o m  a Long Motor Winding Laid 
but' Horizontally and Cont'inuously A l o e  the Rails of '  the . 

'Track (Fi'gure" IV-B-5 ) 

The stationary winding would a c t  magnetically on a motor 

'kotor" winding developed i n  a f l a t  form underneath and 

attached t o  the t r a in .  The stationary winding would be 

energized by e lec t r i c  current and the t r a i n  would move 

due t o  the magnetic action between the windings. Such a 

system would be very expensive and prohibitive i n  first 

cost.  

c.  Use of Compressed Air Traction Motors on the Trains 
'Operating From Storage Air Tanks on the Trains Whfch 
Wbuld be Recharged' a t  Stations 

This system would be very ineff icient  due t o  heat losses 

and low thermal efficiency of the a i r  motors. 

d. Dual Voltage (600/1200 volts)  Direct Current Systems 
(Figures 'IV-Bii &d TV-B-4 1 

This d-c system is a modification of the low-voltage 

d-c system. The t ract ion motors are rated 600 volts and 

the t w o  m t o r s  on each truck me  connected i n  ser ies  with 

an impressed voltage, on the pair,  of 1200 volts d-c. 



There are two contact ra i ls ,  hawever, which are posi- 

t i v e  600 volts on one rail a d  negative 600 volts cm 

the other, making 1200 volts d-c between the two ccm- 

t ac t  ra i l s ,  but d t h  a maximum of 600 v a t s  t o  ground. 

The traction mtn r s  need only t o  be insulated fo r  600 

volts, however, since the substatiuns are grounded a t  

the neutral point of th i s  ~ O O / I ~ O O  volt system. 

The advantages of t h i s  system are that  the substatians 

can be spaced twice as f a r  apart as in the case of the 

600-volt system, and the danger of s t ray  d-c currents 

and the corrosion resulting therefrom, is minimized. 

The disadvantages, as campaxed with the 600-volt d-c 

system axe that two separate contact rails are required, 

the traction motors must be sl ightly lasger i n  diameter, 

and one extra rec t i f i e r  is needed in  each substation, 

so that  the neutral can be brought out of the c i rcui t .  

Also, the dynamic braking advantage is los t  t o  some ex- 

tent ,  and m r e  reliance must be placed cm f r ic t ion brakes. 

ThR disadvantage of Mving two cantact rdls disappears i f  

it is decided that  the 600-volt d-c system also must have 

two contact rails in order t o  eliminate s t ray currents, as 

nwy be the case if the grounded structure would otherwise 

be used ae a return path for the current to reach the sub- 

, stations. 



conditioaal on a reconsideration of the 

600/1200 volt d-c system before detailed 

design for  construction of the  i n i t i a l  

phase of the rapid transit system begins. 

Xf it demonstrated that satisfactory 

dylamie elect r ic  braking can be obtained 

with both systems, the 600/1200 volt d-c 

system will be the preferred system because 

of i t s  economy and eldmination of stray d-c 

currents i n  the earth. 
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The ,:kc-;~,; portrays Lk,e "ground ef fec t  vehicle'' b w i c  motive pro- 
pu l~$r io~  : d o r  and i t s  3-phase s t a? ; ionw~ windings e a e m z e  the 
s'cahionary f i e l d  which i s  in tegra l ly  mo~mted with the car bot&ms. 

The propelling f l a t  aluminum pla-te i s  the squi r re l  cage fo r  the 3- 
~ i i a a e  ind~zc'r;io:n member, wl~ich i s  fixed t o  the roadway. 
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E AUTOMATIC TRATPS QPERBTION AND SIdMALS 

In urban rapid t rans i t  service, the t ra ins  Qr vehicles must run at  high 
L 

- speed and with clase spacing i n  @r&r %a transport the Large nwbers of 

passengers per hmxr who w i l l  t ravel  f h m  their homes ta wark at about the 

same t-e every week day and whs ga home a t  ambout $lie same time a t  the 

end of the w r k  dayo 

Such close operation at high speed requires that  great precautians be 

taken t o  prevent ~ 0 1 l i ~ i b n ~  Elnd the resultant lass  of l i f e  and injuries - 
t o  passengers and attendants, i n  additian to equipment damage, 

L 

Nearly a l l  existing railways use visual black signals along the tracks, 

which, if properly observed by t ra in  motormen, prevent accidents, 

* 

The recent rapid development of electrunics, servo-mechanisms and ul t ra-  

rapid mmputing machines have made possible improvements t o  rapid t rans i t  

t r a in  operation, and these w i l l  now be discussed as to thei r  practicabil- 

AUTOMATIC TRAIN COl'iTR6L 

It now appears te, be possible ta c@ntKI;L a l l  t ra ins  on a rapid t rans i t  

system from a. machine located a t  a central paint, The gat-kern of opera- 

tions wsruld be pre-determined and translated t a  a tape fed into the 

machine, The computer-like c a t m U e r  then sends impulses by alternating 

current gf various frequencies tlxxtwgh insulated wires almg the track. 



The t ~ a i m  hme carresrnnding pick-up earid sending cn i l s  under each upera- 

k i n g  cab, wit the cab in  use receives the Wpulsas frcm t b  uter by 

magnetic i d u c t i m  and the &mX device in the aperating cab then inter- 

prets tihe signal t a  cause the tmin t a  s tar t ,  stop, s l w  CI.@wn, a r  increase 

speed, depndbg the meaning of the signals, Each t rain alse sends out 

distinctive impulses and i f "  a train s ta l l s  or gets ahead sr behind schedule 

far any reawn, the central caxapwter, wkieh automtically cowares the 

tr-mitted train positians ~5th the schedule, w i l l  send taut the pe-deter- 

maiaed K I ~ C E S S ~  Fmpdses t o  mijust the p ~ s i t f s n s  of all trains acec>rdin@;ly 

re-rozrting m e ,  i f  requiredl. ar giving ~ t d l  &Lam t a  maintainers i f  a 

stalJ-ed train diQes mt resp~nd t@ the impulsesp Such a syste3m kzas the 

advantages af increasing safety b;y eliminating human failures and uti l iz-  

ing the "clssed lua~p" feat- and saving of manpower, Supplementary way 

side si&a can be added as s farther scElfeguard, 

A u h t i m  hat3 tibe disadvantage af being new ta transit sewice, thau@h 

it i s  b e g  e0mmn Ss machine tcrol  csntml and @%her such qplicatFans, 

Also, the f"&rst cost may be cz@rislelerable, and there w i l l  be auch pre- 

calculatirop. warlr; h preparing the pmgram f'ar the cemputer, exd specialists 

aust 'Laet mtained far changing the px&gr&m fivlnn time ta t i ~ e  t o  suit  the 

t r d f  i c  requirements. 





a t r i p  valve in the a i r  b r ee  systeh Iaeated an each side of the cara 

When the track tripper a&es cantezct with the car t r i p  valve as it 

prrssas by,the v d ~ c  muld Be tripiped open and thus setting the emer- 

gency brakes which, in  turn, muld shut off power ta t h e  tmct ian  

matars and the t ra in  would came to a stop, 

This system has the advantage that  it has h e n  t r ied and is successful 

and wauld require only small, i f  any, developsent casts f ~ r  railways 

having a t  leas t  me  insulated running r a i l ,  For systems without iasu- 

lated tracks Qr with mbber tires, there wauld be some development work 

necessary because track circuits  wauld have t~ be replaced by ~ a g n e t i c  

inductian betmen coils an the t ra in  a;nd wires and cai ls  lacated near 

ar under the track. 

This 8 y s t e ~  has the disadvantage that it depends an the human element 

t a  keep the trains running i n  a m m a l  manner. lChe psysiehgical 

delay of the motormen acting on changing signals i s  not as fas t  as 

autom&tic devices. 

C. Cab Signals 

Railway signaling has now been developed so that the signals can be 

lracabed i n  the matamants cab sn the t ra in  instead af, @T i n  addition" 

to,way side signals. Cab signals are made possible by the abi l i ty  of 

the a-pparatus on the t r a in  t o  pick up the signal tmpulses by magnetic 



inductisn. This impmement speeds up t r a f f i c  because af the 

ca~stinwus indicatian af a accupaacy ahead of* %he trains; it 

H1&kes ~8ssibl-e &harter ~ e ~ t i x r n s  i n  the track far sutmsing track 

~ccqzmcy sa that  a t ra in  m e r ~ ~  haws mare accurately what 

his safe speed is, and, themfare, closer headwars me mssible,  

Alma, @ah signals, alirainate the hazards of pwr v is ib i l i ty  due 

b fags. 

4. CO'1\CLU6IONS 

The amareat advantages af autmaatic t ra in  aperation ape so great that 

a detailed design and east etstimatc s b u l d  be ma&, a l a n ~  w i t h  other 

canstmetian cost estimates b be c q l e t e d  i n  Phase I1 af the Rapid 

Trwsit Study. If autcranatir: waration is faund t o  be of reasonable 

cost far the service t o  be redered, glans shsuld he m a d e  using it 

on the ini t ial  rapid t ransi t  installatian, with pravisi@ns for 



I The 

is not, at this the, i n  existent@ specifically far t ra ins  md.e up of @m 

or =re twa-car isectians. Bowevsr, it appears possible to apply such t% 

system tt;l rapit3 t ransi t  service with the pwvisitpn Bar @ne attendant per 

The digit& feeaback sptezn cs~sbines track ta t ra in  c m t m i  and automatic 

buck  signal contml, @md retains the marnzal aver-ride featuse. 

*sea Distance Track Contml 

Tha autmatic system can c a l l  f a r  any spwd or accelexatian a r  decelera- 

t ion with& the car equipment &ad can k varied a t  w i l l  by dispateher o r  

by the autamatic aperation e q u i p n t  i n  the control affice. 

Car Makeup 

A asinimum aimawt sf equipment muld be nuunted permanently i n  s cax, The 

leading axle an the front truck and -the t ra i l ing axle on the  rear truck 

af each ear w0Ul.d be equipped w i t h  a simple, s ta t ic  device to  indicate 

wheel revolutiaps . 
A xe lw  bank and cab signal WWM be lacated in  each cantrqi c~mpartment 

(two sets  per car) ,  

All other s rqu ipn t  would be contained i n  a small portable unit wherein 

oaly one would be requi~ed for ang train, regardless af the  number of cars. 



Interlocks between cars would be provided on the d ig i t a l  feedback system, 

Starting of Tra,im 

In the d ig i t a l  feedback system, the s tar t ing  af t ra ins  fma a yard muld 

br, pe&tC& by a signal frchm the wtrsmtw but d d  b-e- instigated by the 

autmat ic  control* Starting of t ra ins  a t  s ta t ian  stops muld be done 

autama;tic&ly a f t e r  d w r  closure3 but subject to  delay by the attendant, 

$tarting, a f t e r  emergency staps in i t ia ted  ei ther  manually o r  autoafatically, 

would be permitted by the matoman but accmplished by the autamtic fea- 

ture s . 
zlhe s tar t ing  sf t ra ins  can be aceumplishea a t  any desirecl a cce l e r a t i~ n  

ra te  tha t  i s  abtainable by the car equipment, The t r a i n  wauld be under 

the contra1 of the automatic system during and af'ter the awtomatic s t a r t  

and daes not have t o  tram1 a certain distance before the aperatian comes 

under the automatic control, 

Stopping of Trains 

Thfz stapping arf' t r a ins  a t  a pairst in a passenger station, or any other 

desired loeation a t  the e;~ptic)n of the central office d i ~ a t c h e r ,  w i l l  be 

accernrplished au-kmatically frtam the central  office af the d ig i t a l  system, 

4 
The pracedure desc~ibed for  the block system, requiring l aca l  devices, 

w 

a would be handled autO~at ica l ly  from the central office logic equipment 

af tbe d ig i t a l  feedback system. Vari8w.s degrees of accuracy i n  spatting 

t ra ins  can be attained, as required, 



Announcing Train Arrival a t  Stations 

The functions described i n  t h i s  section for  the block system can be 

easi ly acccmplished by the d ig i t a l  feedback systern. The information 

required for  arranging these displays wcxuld be inhereat i n  the central 

office l sg ic  system. 

Station Program 

The stat ion program for  the d ig i t a l  feedback system wauld be handled 

fmB the  central  office, automatically, and wcsuld take into account 

the correct positioning o f  the t rain,  daar opening, the desirable 

internal which could be based upon the number of passengers waiting 

t a  load, and would include autwat ic  W r  closing and restar t ing of 

the t ra in ,  The central dispatcher, the mt~rman,  or the  s tat ion dis- 

patcher muld delay d w r  cl.osing i f  desired. 

Dispatching from Terminals 

Dispatching fm terminals would be carried out by the digfta2 Teed- 

back system i n  much the same manner as by the block system, except 

tha t  the pre-arranged prclgrws set t ing the times f a r  t ra ins  t o  depart 

would be stored i n  the centpal offices IcbgPc sptem memory where the 

central dispatcher woukd have flexible manual cantml  a r  m a u a l  eyer- 

ride, Starting the t r a in  from the terminal would be essential ly the 

same as shr4;ing the t r a i n  from my other location, Hmever, it would 

require, as  i n  the block system, the permissive action sf the attendant, 



In addition, the t ra in  wuuld leave aver a section gf track arranged to 

calibrate the distance traveled i n  a given number of revalutbns of the 

frant and rear axles af the t ra in  so that  the central affice system can 

gbn~rate  a f a c t ~ l r  far interpreting wheel revalutitms as distance, 

Furbherlwre, recdibratien a d  correction stations of a very slrqple 

nature, could be sccassianally spatted aLsng the waysid& ta eliminate 

any e rmrs  due to wheel slippage or  creepage. This calibration and 

carrectian would be dme aufxmatically without manual at tentim. 

rn Train Identificatisn 

The d i g i t d  feedback system ir.tcsrporstes s-le pmvisions far repart- 

L ing the locaticm af a l l  t ra ins  in the system every ane ar tw seconds 

afld this i n f ' 6 ~ t i m  further ineludes the exact identity af the t ra in  

far each such repart, No wayside equipment is  invalved; the identity 

-7 
is  inherent in  the transmissiop of data t a  a d  from the train. 

Line &pervisia?n 

The dig i ta l  feedErack system wadd prwfde a l l  that infomation enumerated 

7 for the block system deemed desirable, and in  additian, such fiwther 

d infamatFon as speed and acceleration for selected trains. The recording 

&f data would be done using madern techniques such as magnetic .tape, 

visual plats, visual displays and printed data, The digi ta l  feedback 

I system i s  inherently more flexible i n  in i t ia t ing manuall ~ p ~ r ~ b t i a n s  by 

the central office dispatcher and i n  the collection, storage, use, 

display and recording af pertinent data concerning the entire operation. 



Carrecticln af uneven service wdld be accimplished autdmatically by the 

digi ta l  feedback system, the ~ s ~ t s  af which can be ~atnually altered 

II by the dispatcher i f  he so desires, Re-muting can riLw be handled 

either autamatically o r  manually, 

Any aergmcy sCap wuld be reported aut&aaticaUy ta the disp&eher 

m including infBrmation c~ncerning the exact lacatien asd identity of the 

d t r a in  and the su3sequent autamatic actizrns taken to  slaw dawn, stap kilr - 
re-route fbUming trains. .The variaus detai ls  of such a central dis- 

d 

patching office can be specified, as degired, with regard t a  the func- 
m 

I 
Autcmatic switching would 'tre p m i d e d  by the digi ta l  feedback s y s t e ~  

I and w~uld be cs~rdinated i n  the central dispatching crffice autmatically, 

but would include safety intt?rl~~kiZ%$ features on the switching d e ~ i c e s  

themselves. 

Block Signal System 

The dig i ta l  feedback system differs fmm the block system in  a very 

basic BJ.dwer. Instead af using black occupancy as the infiomati~ri upan 

which safe m i n i m a n  headway is based, the d ig i ta l  feedback system ut i l izes  

the actual locatian of the f r a t  and rear ends of the trains i n  question,: 

aa well as t r a in  speeds, acceleratfsm, and deceleration. The safe minimum 

headway between tw t rains i s  then, more realistically, a fimctien of 

the leading t r a in  and the speeds and aceeleratiam ar  deeeleratians of 



bDth trains, The d ig i ta l  feedback system makes use of a cmtinuc3us-loop 

type of infawtixlm transmissian between each t ra in  and the central office. 

The infammtioa f r o m  the t ra in  4x1 the central office includes the t ra in 's  

identity, the lacation ~f both ends af the train, the signal aspect being 

displayed in the cab, and the automatic operation instruction being 

utilized, 'Phe trans~aissicwn from the central office ta the trafrr canbins 

the t ra in ' s  identity, the signal aspect t o  be displayed in  the train, 

and the autmatic aperation instruction ta be utilized by the train.  

Receipt of' t h i s  data aboard the t ra in  causes the t ra in  t o  trwsmit i t s  

data t o  t h e  cent- affice. The xeeeipt af the data in the central office 

causes the central af'fice t o  transai-t its data t o  the train, and se an. 

If any cmnpanent, or part of t h i s  digifal i n i b m t i o n  lcmp fa i ls ,  or  i f  

the loop is accidentally o r  intentiomilly interrupted, all data trans- 

lnissibn stops. The train, after a suitable time delay, wskl9d execute 

an emergency stop, thereby accumplishing fail-safe aperation. The central 

office receives th i s  type of data frsm all t ra ins  and ut i l izes  the data 

in determbing cab signal aspects and ~utofnatic operating instructions t o  

be sent t o  each t ra in  i n  order to maintain safe mfnbmm beadwsys while 

autmnatically operating each train i n  tbe. system. The logicdl functions 

perfamed by the system, t o  provide safe headway between trains, would 

be perfamed in a self-checking, high-speed digi ta l  computer, i n  the 

central office, pmided  with adequate machine stwdby and autwatic 

safety features In i ts pragrm, The a u t w t i c  logic system can be 

made t a  htudls other pmblems such as switch,operation, t ra in  dispatching 



at terminals, execution of pre-determined schedules by automatic operation, 

~pu&mmtic re-trision of' such schedules as desired, passenger station train 

ammmcing 4 ather relpted functians, 

Communications 

The digital feedback system muJd pmvide essestially the s m e  cmmmi.ca- 

tion facilities, if required, as %he block system descriBsd. 



G. SPACE AND STRUCTURAL REQUIRENEWTS FOR POWER SUPPLY AND AUTOE4ATIC TRAIN 

I OPEBATIONS FACILITIES ON RAPID TRANSIT RIGHT-OF-WAY 

r 1. Traction Substation 

Treiction substations receive the power u t i l i t y ' s  high voltage 3-phase 

power c i rcu i t s ,  which bring e l ec t r i c  power t o  the  rapid t r a n s i t  system, 

m 
and convert t h i s  power f o r  use by the t rac t ion  motors an the  t ra ins .  

II Fig. IV-B-1 shows the posit ion of the  t rac t ion  substation i n  the elec- 

t r i c  c i r c u i t  of the  power supply and shows the more important equipment 

m i n g  up the substation. 

The substation should be automatic and unattended. This equipment 

I should be enclosed and it can be locsted i n  the same unified s t ructure 

a s  houses a passenger s ta t ion  i n  many cases. The equipment can be 

1 
strung out i n  a l ine ,  as  indicated i n  the figure and located under- 

neath the elevated rapid t r a n s i t  tracks, and no more land need be 

used than must be acquired i n  any event f o r  a double track elevated 

railway. 

I The transformers for  the substation could be i n  a ventilated f i r e -  

proof room i f  they are  o i l - f i l led .  Dry type o r  askavel-filled t rans-  

I formers a re  more expensive but would require no such vaul t .  A l l  

equipment must have ample access space f o r  maintenance and f o r  repair-  

I ing any piece of equipment, and must be protected from tampering by 

non-authorized persons. 



Supervisory contral by the Dispatcher arnd including alarms to the 

Dispatcher would be provided by rem~te control from the Dispatcher's 

off ice, 

2 Electrical Equipment on Track Structures 

The traction substation wuld be connected by cables the railway 

contact systm, w d  supplementary feeder cables,when required, must 

be maunted an the track-supporting structures and run parallel to 

the track, tapping into the contact system at intervals* 

Wayside signals and relays, or automatic trairi operation inductive 

equipment, must also be mounted at intervals on the track structures, 

with connecting cables, preferably in conduit or suspended f'mm 

messenger wires, paralleling the track. 

Summarizing the cables and equipment along each track would be: 

a. Cables Along Each Track 

2 bare hard-drawn copper or high-c~n&uctivity iron contact 

canductors mounted on porcelain insulators, 3 to 8 feet 

spacing . 
2 or mre aluminum or copper traction power feeder cables, 

2" ta 3" in diemeter, insulated for 600 volts (nominal), 

when necessary, 

1 multi-conductor insulated control cable for wayside signals, 

1 multi-conductor insulated control cable for substation 

contral. 



1 telepbne type cable for tel@pbnle ar c ~ i c m t ; i ~ p .  

sr alumin- auxiliary p a w e r  distributien cable ta s'izpply 

camectirig to induetian wils O p g  the 'trmk, far auto- 

matic t ra in  oper$tics~* (Na8te: Phese c@-axial c~bZer6i nay 

be @.mitt& i f  ' a u t m t i c  t r a in   pera at ion i s  mt used). 

1 insulated stranded w i r e  far relaying mdSa camnunication 

signals t o  t ra in  attendants ( d y  in subways a d  along 

aepmssed track w i t h  m y  averhead viaducts and other 

shielding structures ) P 

b, Equiplrlent Along Each Track 

1 sigml standard every 500 ?.xi 2,000 ft., including Bsx with 

three O r  w r e  mlare-Li si&ad lighfs, relay cabiwtp 

sing3e phase s m a l l  transfarmer with high-vaJtage fUSed 

cut -m%s * 

an& fir transmitting md one f a r  m~esivfng l a w  or high 

frequency impulses ta .EEnd f- 



ewh passenger stat-, laeat& wtehin rcrwh. af trsin 

~ t t ~ ~ d a - t ,  and te 13~5 US& bir =ah3 c ~P~timt ~ ~ X X L E ~ ,  

Miwellaneaus eat w d k s  an struetams where e3.ect~icrxZ and 

si@.1$1 h~aint*afners x a s t  reach egrsimmts far perZa&ic testing, 



H, CAR STOWE AND MAINmMCE YA13D3 

I; The car starage and ~aintczmnee yards shall be pref#rabXy lwated unr 

Law cast real estate. - 
In a wne remte f r m  heavy line tmff ieb  ta preclude traffic 

interference while switching, 

.I Pcsssibly bcated to  u t i l i m  the ggt~w1d level for auter parking. 

O n  presently awned frAMTA przperty. 

Qveu: present surface bus storage, 

-l 

I The storage tracks for suspended system shall be the open type, sf 

T the mst ~ c Q I ~ ~ I c ~  and functional design* 

There shall be "c;atrt walk to facil i tate ingresa at any paint of 

d storage Ber inspection. 

I Fire extinguishers shall be placed i n  strategfc lacatisms an the 

"Ca;tW walk. 

Night illumination shall ~ZSQ be prwided, 

2, Car Mairrtemce Center, 

!Bere shal3. be rt, limited space under rrsaf, far  the servicing of truck 

t i r e s  if  pneumatic t i res  zlre wed, with full c@uplernent af t i r e  tosls, 

campressed a i r  supply, wheel BaJmci~ deyice, and necessary jacks 

a d  a i r  ar electric wheel nut tarque wrenches, 



Sec~brtd Statian shall can~sist af brake &justraeat and replacement with 

all special tools lacrated at strategic places, 

D p m 2 c  brake testing wheels, e h a  be placed i n  the track Far brake 

inspeetian and contrd. i n ~ e ? c t i a n  card 1.~g k ~ % r  

Third Statia~n shdl fac i l i t a te  the pmpuZsian ~gglt@r ~IbleLJ-ntemmce~ (em- 

nrutator t m i n g  and palishing, b w h  rqilacement a d  a&br ail ing) - 
Fourth Stati~rx toeled I@ far the servicing O f  the car swpensiun 

'Lneclma%smn and the allied hyd~saulLc system, (Check h ~ l t ~ i c  oil 

level, change ail cleaner cartridges, bleed a i r  from the hydraulic 

s y s t a t  make adjustmeats ta valves, ete, 

Fifth Stat isp w i l l  inspect and service car doors aprnd the aut~matic 

acchanfsn. If operated by air, dral.n water s y s t a ,  

Sixth S t a t i Q n  - Electmnic eqap~rlmt check aut, and parts replacement. 

Se~enth  StatiQn pantograph tension adjustment, md shoe r~placeraent. 

I EQMih S-tevtibn clean a i r  imide  and vacuum f"loors, Wash outside of 

c a  ernd repapt ear n a b r  ta eantm1 stat ian f a r  service @r storage, 

I 
W.ck inspectian and repair equipment. 

D 
Pravide 'Walkie-Talkie" radios rirr the track md car inspectars. 



I The maintenance s t a t i ons  w i l l  be under cover with three (3) opera- 

t ions  i n  l i ne .  B k s  w i l l  expedite the movement of the f inished 

cars t o  the next operation o r  t o  the storage track,  

The yard w i l l  have the following buildings; 

General Yard Office 

General Yardmasterf s Office 

C r e w  Dispatcher' s Office 

Garage 

An analog  compute^ (which is a self-checking punch card, perforated 

tape, o r  rnagnetic 'tape uai t , )  f o r  automatic sw3tching on the multiple 

yard t racks  and f o r  the w i n  l i n e  operation sha l l  be i n s t a l l ed  i n  the 

General Yardmaster's Office, ( ~ l l o w  space f o r  fu ture  expanraion). 

A machine shop s h a l l  be provided f o r  hardware repa i r  and replacement. 

(pipe shop - a i r  compressor room - spray paint  booth). 

Train-car spare pa r t s  room s h a l l  be maintained and an inventory 

system i n s t a l l e d  t o  avoid delays and car  down-time. 

3. Main Line Servicing Equipment: 

1. Service self-propelled suspended car  f o r  e l e c t r i c a l  equipment, 

I 
repa i r  on main. lEne o r  spare l i n e  use, 

2, Special semi ce ground surface track, with e levator  f o r  mechan- 

I i c a l  servicing of disabled cars.  

I 3, Self-propelled suspended ca r  f o r  repa i r  of mechanical troubles, 

4. Self-propelled suspended ca r  f o r  overhead switch maintenance. 
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6 u  r9%elMnazy bvieea af Fadat ion  & d i t i e w ,  U p i d  teram$t 
~ ~ ~ c ~ x & ~  ~ Q T  the Los Bngeles..l4etrdpctlit&la Tswit & 0 k ~ i t f $ ' "  i t 9 1  b r e ~ t t h  
s-ittted. 

T h  scope of the etudy was planned in c~l l&xat io le ir i tk~air;s l ,  
.XtavM; I&. Nkller a d  k l i l l i e r r s l  P3. Neben of your firm. 3 3 ~  putrpwr? ~f the 
rtdy  was ta devalsp sufficient general soils hf@=tie~ E& pffatt feu 
43% make 4% r ~ W . g t i ~  arkiabn of the m$Es tl~f e@astraetiqg thR several 
iebtt~wa e m i r  atyas t~~~~  

Anticipated soil and water csnditions in the Ceatral, E t ~ I m s s  
Bia;rlrict and faur r ~ u l e s  under consideration f@x the ptapa-bted crawkt 
csftsrm are preoeah& ia the.ragwst. Based ion g ~ ;  experien~e with na- 
s?raas gs)uIbdariaa 4tdi,e& kk have made in the area, the soil wadlltie~s 
bva h e n  rtfS~twI t~ tha Eaaa9~fble ~pundatf.@a tries far tk veu&ms gyps 
9L e~nf~ tzwt . i~ )n  mt5cipsil.M. We have d m  ca~'l~alatd the soil coad%timw~ 
. l&th 4 2 ~ 3  l w . & a ~ X v e 4  5x1 2unnellSng and inadcPng spen e x c a ~ a t i ~ ~ r  
% $n&mtbs gs ead fra.%wt, of cwrare, e d f k i e n t l y  accurate 2m 
dw;tm as, lmt-m tsalkeve? i t . a ; o  be aX€equace fer wmpaxative wwltruet&m 
~6 sbqabatcsa, 







PRZIJMXNARY ReVIEW OF FOUNDATION CONDIT1.OEXS 

aasID TRAWSlT PROGRAM 

FOR THE 

W3S ANGELES N E ~ O P O L I T ~  TRANSIT BtJTHORZTft 

S#PE - 
This,report preaeats our evaluatian of the s o i l  c ; c o a d i t i W  in 

th Central Bwimws9 Dirstricr of the City of La)s.ARge5es, BlPa al~ng 

fcrur routes being considered for the construction of a sass rapid 

transit systeol. The purpose of the study was t6 pretride a general 

gulde ar,to the soil conditions likely t c s  be enc~ateraal.wit;hin the 

specified areas, thus permitting a realist ic  ersthate of the coat-af 

fwndation mptitru~ t b n ,  

The sail c tmdi ths  and ether: pestineat iafemuitia wvrerr%q 

five specific areas are discussed in this.~ep~rf;. There fitre areas 

are desigaated a e  Central &wfness Bistxict, the &an Ikrnardian; W r i -  

d e ,  $he Laa8; Beach Corridor, the San F@~ands-Cahs;leaga P.ass.Cerider, 

and the Wil~hire Wlevard Corrider. X n  additfw, in accordance with 

gra,ur,Iater reqrtest,.we have i ~ l u d e d  a brief description of the EIpsim 

Park.az~&a,.rrh;tch We urbder#td i%,alss bein@; considwed as a p&#&%bl8 

4 1 ~ c ~ a s  ILb che Cestral Businej~s,Pist~ict.  The general lecat;ians.ef the 

variow ateas,discussed u e  shoroa in relation to the Lo6l.hgeles Baain 

#a Flake I, Hap af Eetrgp~lLtan Los Angeles. 

Logs vf xstar Wrings, which define typical mil &itiw .at; 

- bevesal lacatiwas : aicfng each @f the p1anwd #rr%dax mutes, have bea 



tion utilized in the.preparati@n . r j f  th is  repsitt am dfecu~sed i a  t;k fisanbl 

ee~dic~n  of the report, Prebable fodaticon t3rptts.fr0p ruppbft-ef the garab.. 

w e d  inatallatians, which .we dersead wAll laporre relai9,vely Mgh l a k c  

-a], forcar arc ,well sar, ~d tcladlrs, axe disncuamd Rm cg;p~h Q F . ~  tb gla 

cs;rrid<zrr. Thew recmmendati@m are, of wuj:#eS ~eC880Wil~ $@il&ralr m?d 

odust be cowidered M average co&itians.matbr than applyitag ts spejlfie 

$afruaScallp, a l l  of the Uss:hgele~r Bash is,an active =@a. .%w- 

ever, the-only '~ecagnized fault lucated in tlae afea1~. ~tubked is the Gkrgy 

8211 fault, which fnbercepr;s.tb Lsng Beach Cornidoz.roug,hlp 2% ~1.Itlera sOak:h 

ef I k Z  Anm 'IlrEPYlevard. Although thes and other feogex flaullts;raap ix#~@,f;;lsb! 

prepmad oysterno, wmid ar@%Wc design clpjlterfa-WLll be suf%i.cfat la-inc~ 

the chaneers.sf a elfp aermse the l ine are e x e s ~ l y . . r w w ~ @ ,  and eedd nrat 

be pmtRcted agai,aust.in a r r ~ ~  evwt* 

persoasel, i s  ie- an Blatre . X . Sn general, tbes area ilr~rclrrdarr al l  af 

darlatw We. hgeles, fw an afea rm@y thee miles . by E ~ w r  nilm ia 

gthkawa~.~ 

d i ~ 1 3 s a a ,  eina gxvun$Pa%e~ qmditi.8n;ol. age prweatd i.w #I% PlsW 2., 

Aatkcipaked So51 Cs,md&tidpns, - Central Bwiaeae . P f a W f ~ t ,  Plan. P1rsa;as 

3-6 tkwugb 3-B* Sub-btslsfaee Slectiono, chw t;ypical sec~irom thM,u%B, %hot 

h e a l  Wtmasrer Pistrict, a d  defixze -the general chavaefexfetics ~ b f  &lie 

.KC - ~ s  ~ ~ i w ~  t t ~ ~ t - ~ = ~ ~ ~ ~ u n c z  f=ilrz;w 
. x q  bne eaqp'loyed in  the develapat .sf the %il,ttB11 EujlfasS8 .BLr,kght. 

-Xr+ddl eratend g m m  59 to.100 Eeet k1w the gtaseat s.llirEmc~.~r, 



Baeically, the Central. Bussfness District under consfderat%on 

inclwdetr three major geologic conditions, The n~rthwesterby pertierrs, 

rutugbly west lof Xain Street,  mists O£ the Puenre Shale, except Ear 

the Figtteroa Street-Channel and localized alluvial channels. WJit,hin 

the area shewn, the.shsle l i e s  near the ground surface as sham by the 

cross sections on Plate8 3-A thraugh 3-8. Thia,natexisI is.rtratiE%d, 

and is wdera te lg- f im ta  firm. The surface is generally weathered ta 

a depth af five to ten feet, Minor water seepage may be encountered 

witlhta the upper 20 feet of shale, and perched water Ps genexizlly found 

abve the upper sm£ace i n  my overlying overburden aoflra, While %he 

aater ia l  is £fm t o  very firin, excavation with conventional equipment 

i a  feasible. Zxcept.where the stratificat;ig.tn d ips  adversely, vert ical  

cuts;will stand safely i n  the ahale. The material. may be classified 

as excellent fw tunneliap, wAth few, i f  any, pxableriwo Pe~liiss$ble 

Emmdatbn pressures i n  the shale naay vary friaaa 8,000 C a  15,000 ~@UII& 

per square f w t  . 
East.@£ the Lm-Angeles; River, f f m  older soils are again ex- 

pctsed. Thier.nsatezia1 cansis;ts,of Continengal Terrace Bep6mit;s ctf Pleis- 

tcaceae age, The depusits.axe amposed of pcmrly sctrt;ed clay#, s d a ,  

a d  gravel. AX- emounte~ad i n  this  higher i a  the Fuelate Shale 

.wIa$ch underlies the c o n t i m ~ t a l  deporpits, mich m y  be EDund in uut;cxe~r 

at-omw l.&acat&ons. The .continental depraits ace &erately t6 we12 ce- 

seated, and c@nt;ain occasional water sreepage i n  the sandier amata. 

Except far localized conditiam, the walls sf open excav'ations i n  the 

cMcsttLneo.La1 material, wLll  stand nearly vert;ically, IEC1cavation with 

~@$~~eatUserZ equilprlaent ia.defila2tel.y feasible, Tunneling-t k h b  



seatetial w i l l  be generally gwd, wOeh pcsreibfe ~ L ' Q O P  prabEesw.srrrbre un- 

c-aced a d  or very f i d  y" cemented m t e ~ i a l r  .mag. be sncsbwngered. 

Pes~lisaibXe bearing ptessures in  ttair.nateria1 vary frmn 4,000 to 10,000 

pound8 per square fwt. 

Adjacenr - .the boa Asgeles X%vea, along Filpiemvla Street, d 

rapratding out i n  the wut'EtWiest portian of the Central l5usiae~s Distr&cty 

Ceaixrtl Busiasss bistrict . these allmlal depwits  generally -&art af 

ately adjacent t;o and beaeath the tara AngeXes Bliver Cb8;nek,  the al%rmiam 

ist hmim ts exfend a t  least 100 feet below preeent ground owface. TrJ. 

the met, the depth sf the a l l u v i ~  deereasar a&il the ttndezlyiag beate 

rQkale sutxrops in  the Civic-Center area. S p t  elevations at-which the 

slider bl~ils.weret encmntered beneaeh the: allwviulrm d ~ i w  engl&ra#%ms 

in the area are abd;aotl on Plate 2.  

The alluvium c0nta5.w wraes .of .minor water seepage, wkich say 

becase considerable in quantitf in lacal chnaels, a d  is fairly d- 

f o d y  Eeund perched Gtver the older soi lsD The alluvium is predemiwmaty 

graaxlraa, with lfttle QE no caheaion. Opea excawatlow in thie,arate-riaE. 

d X 1  require shoping, or unprotected slopes suet be permitted to sl~w 

Back leaat enS>ankraents. h a v a t i o n  of the matezial i s - m  

plPaoBLm, aad conve,~&ieaaL equipment d l 1  sugfica. ~ l i z 1 p ;  throw@ 

the allduma be classified as fair ect gwd, bas c?onthwmr~..laggiag 

mat be provided. Altbugh predmipilntly gswala~, few i f  any mag+ rof 

cleim sand d i c h  will flaw into tunneling excavatioaa are rrritlcipa~d, 

F M t 2 g n s  at & p o d  sueface, for heavy 1aade.a~ are anticipateds may 



consist .of drAlled-and-belled caissons.where the older s ~ l l s  or extea- 

sfve deposits aE clean sand and gravel are encountered, or dsilZeQ cart- 

ia-placa ccncreae plles.trhere such desirable cmditlsns da wt eufst. 

As .defined -an Plate 1, the .8an Bernardiuo Carridor .w311 geslaar- 

algp £eXlsw the exisltiag, Saa Bernardino Freesay fraa the dewatma area 

ta West Crrslnsr. The area i s  defined to a largex .scale at  the tapsf  

Plate 4-6, bticipated Sail Cmditioas, San Serzmrdiw d Lsw h;rrcB 

Carriders. Also. shotm sn ??late 4-8 are the gr~t3nd aurfrnce .C?PSR#U.E~C, the 

marface geolcrgy, and the. groundwater &ition& thi@.mtlte. 

Fsola the .Saara .Aria Fseeway t o  *st -af Saa Gabriel IIksurevard, 

gml#gi.cally older.a~lls.will be ewwnkered, TEzeame e~zai.8t-of W h  

miue iaad ccmtbs~*arl deplc~eits.of pZeirat;acew age, i$g.well as s m  crrf 

P.csrt?nta Shale, fims the lanra Bas F~ee~lrap tcr,tota@ly Atlantic Ekvtlle- 

wad, the taxrain is. ruugh and hilly. Prom AtTas;rtic -BauZeatad t;cs. $an 

GabrfRl Wdavardi, the tqogsaphy shpes gairlg unifonadammaxd fa tk 

wt, lbm~pt Ea .raw lwal perchad water c W l t i . m @  east sf At1aski.e 

IlsYlevard, the gz ter 3.s at  feast 50 t# 75 feet be* the prewat 

.;&xwtrd g~trface, Fowndatinras at  grouIul ~urface far .heavy s t x ~ t u r a j .  

Jsar9ds :wAll be .e%-r convea&ioaal spread focdringa* opt drille.d-9aEnd-bltd 

cairl~.soa8- . f k l ~  t e s i ~ t i ~ g  .ma jer 'upward us . lateral lmids. 

I(rcrst -of 8- 64kieZ J%111.eorard to Vers Cravina, the Mills c m  

nbr -ef allrf0iaX depiacsiw e W e d  frcamr the San Gabriel Monatains .by tl$e 

Wa-BbCMdCr 4 the Sara Mkie l  WP~F.  Wth r b e  zi,vr~its are ka@m Mg 

.bwe mmadered t . k r t u ~ u t . ~ t - e f  this area, &mi the aXlawiaZ depastbii 



consist of primarily s a d  and gravel. Typically, weathered silty sand 

overburden aveclies the sand and gravel. The ground aurface slcbpes 

.demward frcrra San Gabriel Boulevard to the Rio.HnnBo, aad upward fairly 

u a i f o ~ y  t-d the hills.east of West.Cevina. The graundwater ia, a t  

a depth af approximately 20 feet at the Rio Rondo, raughlp 60 feet at the 

San Gabriel River, and at greater depths to the east. W e p t  far very 

favorable c~nditiaas, conventioaal spread Ewtings will not be feae lbl~  

f@r . euppaat -of haavp st;ructr~tal loads. The nwt .likely f~~~uadatio.~ type@ 

. vil l csaais t arf driSled-andlbis2led caie@ollar . e q ~ d i ~ g  S;hr0$~8h the _sik%y 

sandar, and fovnded ~n t4e sand a d  @;ravel, wzt-deiZLed pilerp,where ex-, 

t w i v e  depasits of $and and gravel are nat eaa~u.nl;lered. In the immedi- 

ate vicinity.sf the RZo Bmb and the San Gabsk1. Rivet, drives pA1fag 

may be required. 

Typical soil cenditions-for the $an Beraardiea,Gakrid ill:e 

represented bg.Wrisgfl 1 tkaugh 4,.hlatea 5-A t b ~ u g h  5-D. 

The lmeatien aiT this J C~rridar i a r  described ma FLate f 3 a 

deWLed . d eE io i ]~g  -1s. shswa an Plate 4-A. Gwliogiaally, the 8aag~ritp ~ t f  

this .CorriAcM i+ ;%&bin &k allmial paain e£ the h a .  beles River. 

"Sb,Ss c@ndiriua i s  p~e;aa;leat . S ~ m a  the . m I C I S P m  area to the vicfait.y. ~f 

Bell Am. Jbrzlevard. Zhe allluvial sails , comb t -a2 pte&mi~~iatl;gt sandy 

8~~kerLal i m  .the mth&rly *ti-# @redfag B~I tlw t;~, the rc-kh, T$es 

except .for ,the .central partion cof ..$he %rxiidar .am#& o;f lkl dsle lbde- 

vard. . krs t;his area, grbundwater m y  be eracouaaeted w i t h i s  30 ke 40 feet 



be3m present grsuad surface. The ground surface slopes uniEardy &ma- 

ward from the Ckvic Center area to Be1 Psao Boulevard. Within thia alluvial 

area, likely foundation types consist of drilled-and-belled caissons 

founded on the underlying sand frat the Cfvic-Center esuth tai the #ieioi~y 

sf ;Slawen Avenue. W t h  of SXauoen Arenua t# Wl ,glras,Mevad, dsi lhed 

caat*irra-place oQBcreZ:e piles.ar@ thPi.rniQFst; likely femdar;fon type. 

Wuth BE Be1 BIlPCI ~ n l e v a r d ,  the -rid= iacludee , the weq tezly 

porthn af the S f g ~ w 1  Rill area, e i c h  approslches ithe LQ8 Angelel Eiyer 

%itbin tBe @.rrdcbr, The older -soils.of Signal Htll lcansist of marine 

textace d e p i t s  :wUch are. e~posed 9f pze$Wr~,aq~Xy firm silts d 

slaps i n  the ~gher;Ljt.parh;tsm, beem&% gcdier etls.San Pedm Ikig-is ap* 

preached. The g~?~)&arsrater lewt Ls Eairly e&aotaj;tt aX: gle~&t;%#im -10 

,muth a£ Be1 b*Br&.ev'ard, with %he depth belw grand eurfae vaxyfq 

s&th the va.riasi6ns.in the g d  susfI&ee cost@tlrs, ,Ghamls draiaiq 

weaward frona the Signal area ate likely to ,contain seepage W a t e b .  

Probable fsundation types.%rUl lazy from ccla~ireatfemal spread -ti= 

, Q; drilledaad~bel'iled c a i s s p , ~  , ia the alder mgls . tj~, dril2ed ex d ~ i v w  

piles in the atlwial area adjacent-te the I;.os.Aageles RAver. 

The attached bzia@:J&gs 5 though 8, Plates 5-g th-roptgh 5 4 ,  

typ i fy - tb  sail d i r W . w b i a h  orllt be s~'x)imtered in, the I*ang kach 

This Ceridor is Zocated oa Plate 1, and inrwrrxe detail @a 

Elate, 4 4 ,  bstkicipted Soil (=Onditions, Sam $ernam% - Wauenga Piws 

a d  l#ilsErlre, 3wleva-td .Co-nridors. @cnn the weeterly end mar Wmda 



Boulevard elo~ . the US Angeles. River, near Laakerah3.m lbalevard, the aoiXs 

cvrisist-of alluvial dsposits.sf the Las -leer Ri,rer. This laaterial 

depoeitr are psiararily cohesi.rre silts and clays in tb r4arrtwIj p&tiwi, 

ie ,essenf ially level tbrough@ul; &hie .p@rticuo sf %lie Colr~S&r. Thrt? $rW- 

types will c w i a t  sf drf,wea g%liaa, rp @he .wetL *e?: tha ter 

$8 hish, changing t:o.drllled caat-in-place.ebn~:zete giZae rhRlfe truffl+ 

cient:.depth can be obtained begme the-water Xls.ewc:auntered. 

The gealmgy d ~ i l  cflradf t islns f ropa the Ws . dnpeler River 

t k ~ u g h  Cahwnga Pass,taqfiaklfn Aveatze me qd@ c ~ l i c a t e d .  Fqx 

th& .zeasaa, a separate ~repmt awer ing  thh area w a  grepared by the 

which describes.the gecaltogy, excavatiaa and ~ t i r m r ? f i q  w d i t b ~ l ,  a d  

Frana H/rdIin Avenue suuth a. Santa mniea ~uf.eya.rd, recenk 

alluvf urn which has .emded ef f the sauth side of the hn$a l.~nitia-Wuxw 

taiw isdeawunterd.  The g-irocrad-rlrrface.erlspebi ,fairly-gteepJIy &wa- 

Ward -.the south. The goils consfat of prebiarultly cehesive ~ i l t o  

a d  clap. Tt?e watier level i s  a t  a depth sf 25 feet-lr: seater helm 

the p;rrcrctnd surface, Likely. fotrodatiqn types .wwirst -e£ 8.rdLllsd piles, 

sZth possibly drill&-and-belled calls~ona.uthe~e th ffm (olderr 1801l+ 

are ew-kered v3Chbx fods ;eSs  be.pl&h, 



From Santa Honica Boulevard ta Beverly Baulevard, alder conti-  

nental alluvial deposits are situated. The graund surface slopes d m -  

sad toward the south at  a slightly lesser slope than the area w , t k  

aorth. Groundwater is a t  a considerable depth below pound amface. 

The eoi1er.are primarily cohesfve, wikh ecme layera .caf mare sandy mate- 

ria$. Likely E o ~ t i e n  types conslat ~f drilled-and-belled caissoao, 

or pousibly deep spread footings eqteuding through the surface vesther- 

ing of the older material, 

.Logs of Boring8 9.thmugh 22, which typffy the soils mtic i -  

pated along this.Carridor, are skpn oa Flateer 5-1 ths* 5-L. 

The location 42 the WlPahire Bulevard Cer~lidor, which i a  cen- 

tered by Wilshire Boulevard frw the O c e a  t;@ the Central Bwisess 

District, is,ahown on P l a t e  1, i a d  at;-the bttrra s f  Plate 4-B, Prom 

the -Ocean to slightly. west sf the intersection of Willchire Boulevad 

at38 Smta ZBozaica ;Bd1p,levardS the ssilbs.cassiet of elder contiaeatal. 

allxnrial deposits, which have been cut. by drainage ctnanrzels a lopbg 

south frm the south edge @f $Be Saata Wnlca Mamtailaae Within thme 

chatmela, recent -alluvial soils have been depasitled. T'tae chammlp 

threw wUch Sepulveda BQrulevard, L a  Clienega Boulevard, a d  La 13:re.a 

Bwlevard are situated are =table majm chxmels, Both t;Be-~ldcr de- 

poaigs a d  the recetat -iallwium c(~818isr af m r l y  ~ e s t e d  clam, silts, 

siared cad gtavel. Altbswgb the g r ~ d w a t e x  level irc.indic;arsd at Bicp?he 

in exces&,@E 5Q.f-rt Be,Sm tk ground owrPacltt,.Wth.oaepage water aad 

perched 'water .will l ikely be enc~fmtered above this . l eva .  . Likely 



foundation types consigt ~f drilled-anddbelled c a i s e ~ m  i n  the csntr- 

nemtal deposits, and dril led piles+where the reeeot allnviam is atlC:eaa- 

tered a t  ground surface. Within the larger recent al luvial  e'tzamla, 

the use of driven piling rrtay became necessary. 

Frora Saara Wnica Baulevard east r;s app~cnebnately Fairfax 

.&venue, the recent alluvium is Eairlg continuaus E a r  the CorrMar trader 

cansideratisn. Within th is  area, the use of dri l led p i l e s  or driven 

ptles appears mast likely, 

Fr- xoughly Fairfax Avenue t o  the dcwiatonun area, tha.olcler 

soils ,  consisting af continental depocaitre to sbdut Vemant Avenuie end 

Paente Shale to the east, will l ikely be enecruntered within foudaeioa 

depth,. However, north-auuth channels have been cut in  this area, and naay 

be expected a t  i s ~ f a t e d  locations, The ground surface generally slops 

upward to the east, t;sward the dmmtam area, The gmwadwater is a stid- 

~parn s f  50 feet  below the pseeent ground surface. llmmver, water perched 

oa the srvface af the Prtente Shale is l ikely t;e be cdncouatered. P c ) ~ & -  

tFga types.in this area w i l l  generally consfst af dmflled-ad-belled 

caisocsns extending into the alder deposits sr t a  the shale. 

HacArtha~ Fairk, which ineludes a lake of considerable extent, 

is located jwt-west-sf Alvarado Screet-oa Willshire X)oulevard, The 

1aka.was formed by the.damming of a major dra ina~e  channel wialch sl@pe# 

damward to the.scrathrrierst, The aoile bewath the lake are believe4 E~B 

coasiat-~f d e r a t e l y  soft te moderately fim a l l a~ t i a l  deporrita, a 

depth of 40.ua 50 feet, bel~warhich the Puenfe Shale s b d d  be ePL(=&aia- 

tered. 



Typical soil. conditions of thfs ,G~p~rfdc+r are ;$ham by Wrfriigm 

13 through 16, an Plates 5-Ed through 5-B. 

ELYSIAN PARK 

Elysian Park, located just north of the dmtaun Los Bngelers 

area, i s  extremely rugged terrain,  coasirpting of h i l l s  and deep valleys 

with variations i n  elevatian of up to 350 feet.  Gealogicafly, the mate- 

rial i n  co~rpodsed of b a t e  Shale and Faente Saand~qtoae, with deag valleys 

cantaining alluvium- Tunaelfng thrdp~zgh thfs material shcbuld be excel- 

lent, previded the tunael is eituated be3.m the a l luvia l  deposits. 

A locertfanaap of thfs area Is presented tio the l e f t  af Plate 

6, Elysian Park Route. Also ohom on PLat;e 6 fs a cross aectioa which 

defines the existing tspography through a typfeal area Lhtrat3gh glyaias 

Park, and the varIous.ca~ile~whf@h w i l l  be eneouatered. 

In  &dit.lon t o  prev%ous f i e l d  exploratiom perfomtied by LeBby 

Crandall & Associates, from which Che boring l o p  were taken, and which 

£om the majority of the specific s o i l s  infoa~arati~n discussed, stany 

agewier a d  soufces .contributed go the f n f ~ m t f o n .  The geolagy is 

.primarily based con "Geology of the b e  . Angeles -Basimft which is a part 

af B d l e t i a  170 of' the Bfvieai~n of Hfners, State uf California. &ten- 

.sive.groundwater infurmat5cm was obkained fran the Lee Asqeleo F l M  

&atral District, .The gie~p-lag%c.stud.y of Cahuenga Pms &re&, attwBea 

as an Appendix, was pepe-~fomed by &he firm of Bear amd Kiaptler, C m w d t -  

iag Geologists. Other baeic.data were alpgained frola the CerliEernia 



State IJivisiozt ~f QigIr(Eaye, the U. S o  Corps af Engineers, ax& prsblic: 

agencies.of the City ef Los,&eles. 

~ ~ , f o l l ~ i - n g ~ A p p e d  and B1ates.are attached and ~ p l e t e  this revzt: 

dppedix . . . . . . . . . . Ceolagy through Cahuenga Pass by 
Bear & Kistler 

Plate 1 . . . . . . . . Map sf WtrapOlitan L68 Bageles 
Plate 2 . . . . . . . . . . Anticipated S o i l  Conditiomrs, Central Sustxaeara 

P i s t r i c t ,  Plan 

Plater3-A , ; . . , . . . . Anticipated Soi l  CaadEtisnar, Central Burrimass 
Disrrfct, Sub-swface Seatien, Birse SSteet 

Plate 3-B . . . . . , . . . Anticipated Soil, hadit iona,  Cewtxal Bruriw~e 
Diatrtct, Szrb-ieurf ace Sec t i sn ,  W%lebire 
Be,wlevard - Seventh Street 

Sliafe 3-42 .. . , . . . , . . hiticlipate4 Soil C;onditiom, Gent:raX BauIac%fm 
Biskr lc t ,  S*-swface Sectitin, Waas$..Bvenae 

P l a t e  3-a .. . . . . . , . . Atlgicipa.red Soil Coditinns, Certral Bzsrrirlleaa 
Bfartrict ,  Sub-swface Seectix)n, # a i m  Street 

Pkare 4-8 . . ... . . . . . Aaticipatted Soi l  CrrgB%tfsns, Sa;a, Wr~38rdlW 
and bag Beach Cwriare 

Plate 4-3 . . . . . , . - . ht icgpated  Soil CcfaJPiti0.88, Saa Fea~paaub - 
Cahaenga Pass ssed WiLerhire BauIevard Wsridms 



TED L. BEAR PHILLIP S. KISTLER 
CONSULTING OEOLOGISTS 

8 1  6 W. FIFTH STREET 
LOB ANBELES 17. CALIFORNIA 

MADISON 4-8964 

LeWy Crandall & Associates~ 
1619 BePerly Wulev83cd 
Las Aageleo 26, Califaralia 

Aktaatian: Mr. lLwPssXl Webt 

Max Sir: 

A t  mr tequesf: -we have . d e  a cwscury eamln~ttrsn of the W W g y  

a19ng the freeway reate through Cabuenga Pass, This iacltpden the arm 

£r~gl~SrWclia Avaw in l W 1 y w ~ d  g@ Ventwra B~tllevard in  the S s a  Feraan- 

da Valley, The geaeral gwltagy of the Ganta Wska M@untalw.~ 
, 

by BanOld V. Blur. .fqt the Bnited State. .Ca@logical Survey in ~ r ~ ~ ~ s i w ~ l  

Paper 165, 1925. Zmk asditPenr ta Else published tnfoznmticsn, -.&pea& ~ s a s e  

the La the field i,mpeatisg the gdogy  a l w  ehR pz+d ~toaae, Sew- 

era1 xecest-oteep & cuts.le86 a ~ : ~ u g g e d ~ l i u a  w the istabiiLty of 

the antietpated mmk ~ y p e ~ .  

T b  -a: g@aurei&n @f lWle f i iwme age-s~zrkcrwa mtbt Ube 

propm~d raub fran PrdldUtn .Aveatce l;r, Ventwa BOdLevard, except fa .th& 

raa- %mtitaR f i c h  Xa , PSL$aQ ait;iht 'EecIcItlk aX1rcvfrraL lMimner, m)r a 

gsrtirwHa crf + flxeeway ~t :PIP the al2uvium Ber. h e n  e ~ ~ a v @ W  .due > W  

,the conrctruatiarr .rf .tb Cakaeaga Fraeway. .All heavy fmadatfoaP .&ax4 

Msk .msth t#. lrraxilj ia Avaw rMw5.d trs m v a t e d  ta the 

forrrag&ail .while t W e  mtcb ai Dark Caeyan ~ i 1 1  bc ,am. the Rweut aflw- 

irar. 



The Topaaga fomaatien cansists,of BasaZt igae@w rr)~k;s, con* 

ggoraerate, sandstme, duna shale. Fr- Franklin Avenue to ths Hellyutr(rd 

Bsrnrl the rutface eaqmwee are flat: - m ~ ~ t h  dtppiag, s a & k @ ~ +  and ehale, 

and coarrrce! uw#meLL&ted gravels in %Be 1-r tattsea. Trtnaaling 4 

lpoed f Q d t t m  rq$tmt.will pre8ent very little ~$xO;t,lm in thge area. 

T b  alluvium savels  .wtll wed e m r e  a d  ia 818~&k -c-8 t b i z  depth 

rill be lesr . t b  100 feet. Frm the MllyrPead Saw1 a g r t b r d  3,500 

feat, the W ~ b c t r . ~ L o t a . s f  bamlt £1- a d  i ~ e u r f w e b ,  The basalt 

iP .well aJSpcMled alsad~ lthR wwt -Sue -.a* Cabnga PmaI T b  basalt. f taw# 

a-re eaatly. weathered a;rd &x, .*t . ~ ~ E , B I & ~ E  ex't;remly hard. T k  ia trw%v~ 

.are vary. hard mid rdll -is .an s q w g r k  w b m  twu=mliagE hmmvez, tb 

ba~;alt.will be digfkxalt t;~. eurcafate biace i t  fs,vwy Wd, BWWC 

tru Bc very malatve QeXm the eaae .#f m.crthering. . Appmfrately 65% ma,P 

tW 3,500 feet .conoi.t;s,sf .hard iortrwsfv% lP&$altl The.@ alang the 

-weat aide <cgf eke Parss is .cut oat -sf the baaalt a96 fxesh saupXes can 

be 4 b r a b d  .which abrgrisld be .repweatibLtfve -ef tb rwk eqwt:e$l at a 

&eptB-qf lW feet. 

Prr;sr the xacBirf;hezgl lhtt .af the baeale .tr Bark Ca~yi$n ie w m l *  

.tatbly 4,000 f elet . X n  this, area tbe U ~ I W - ~ ~ S ,  arrrd eeqglameatob .ma&- 

, cwp with @Sly a v e r y . ~ ~ t  a&u'i~t af allwitat, -. tlaktglacetatea inre, 

bad a d  ..well 188axated, lwweves, . the . samdlewraerp ,and .sinm . rkra2.a ap- 

a d y  rrsrleratsly W d  amd .eeuriXy az6dsd, T b  W i g g  rtfi'icrta rmtbwt- 

w~theart: aad diw @..w 700. a9~%heast. 

Flcaaa SJEVk Cmym ~ ~ ( ~ x t h t d  W- V~abwil. 11IQPrlIlewmd thb) valley 2c 



moderately bard and eastlg eroded, This section should be easily exca- 

vat-ed in  open pit and tunnelfng. The exact taute of the project is mat: 

barn, there-e it &a hqwbfible t6 eathate  the exact rack tppeil t;s 

be expected. Ewever, m .real d i f f i c u l t  sec thn should be emcmmtered 

at-rmg the wrthilmzr pztidra of the =@Ute, 

Beat the entrance W- 6abwmga Pasa alsng the ssuth edge sf the 

~ l l y w w d  Wwl i r  a drpult with wasfdrcsab1-e displeemegt, Thir is ~ ' B W  

ablg. ptmt -rf the f auLt . s y @ t m  alc~ng the math edge of the Swta W a i ~ a  

,lWanW.ns, 'Ilus dm@ f a d  ts ,ereas ~Cahuenga Pad41rr at the armrrait, $bee 

Eaults.~rere ia t:Be.@.$.G,5. k'dlarsiza by. mts-, @$her wezy 

mind% faul t s ,w~e  ~rrbaewed in  the field, but tksrse-wld be of ac, c0.a~ 

tern * 

The basalt froaa the I t e r l l p a r d  BiovI nrvrthward 3,SW feet is.th 

cmly real distuxbeng gectien Co be encountaged in tunaelfag. Marre than 

half of the 3,50Q fec?t.w&lt be extremely diff icult  ia excavate. U w -  

.ever, the rem~ainder of the pr~posed route abufid wt enccwnter any ex* 
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LEAN CLAY - oonta ins  amall  mount of' silt, " 
small mount of f i n e  m u d ,  parow, 
frratumd, dark brown 

WEA- SHALE - J0$13tsd, mattled l i ght  
b m  and y ~ l l m i ~ h - b r ~ ~ ~  

IA88 weathered, leas Jointed 

Greyish-brown with esrll pntoh88 and 
spots of ye l lwirh-bram 

Vem thin lmh8tiOnB O f  s i l t ,  yel lwieh- 
brm 

Thin laminatiaoz~ 

NOTE: (b'aundnater not csnaountcred ; no aaving - 

27.- 96( -- Indioates depth at  whioh undisturbed sample 

I L  obtained 
Dry density in lbs./ou.ft. 

-Field moiatm omtent in  perasnt of dry weight 

Soi l s  e l ~ s l f  led i n  a o a d m e e  with the Unified Soi l  
CLas~ificatiov 3ystem. 



LOO OF WRING 2 
16" -Mameter Rotary Bucket Hole 

D r i l l e d  hky 12, 1958 
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SILT - oontainr d l  unount of olay, mall 
anraunt of fine sand, brown 

n LEAN CLAY - yellarirh-brom 

20 
NOTE: (broundwater not moount8red; no oaving. 



RECENT- 

AC paving and base 
SILTY SAND - sand fine, medium unount of e i l t ,  

dark brown 

leasee of SILT 

.-;.:. POORLY GRADED SAND - fine, traoe of s a t ,  elireah .... . +  .. *-:., 
k ? d  .. 

of blaok, dark grey 

+, , j,il~:l a ?  : .- thin 1en8ea of SILTY SAND 
d) 10. 3 :;;,-; 

oontaina slight amount of gravel 

W D  S m  - Q O I ~ ~ ¶  8light m t  of silt, .. I ., . 
* ;e 

few gravel, dark grey 
20 POORLY (B1BDlgD SAND - fine, tmae of a i l t ,  a t reah  

of black, dark grey 
* - ... . 

CI 
+r SILT - slight amount of fine sand, mottled b r m  

1 pl 

WELL (3RADED SAWD -ooKtaina about 1 6  gravel, alean 

e light braan 

SILT - slight mount fine sand, mottled brown 
POORLY W E D  SAND - fine, confains traae of o i l t ,  

slight amount of gravel, dark grey 
lenr of SILT 

WELL aRADIED SAND - omtrine about 10% gravel, 
traae of e i l t ,  reddish brcnm 

Graundmter not enoou&ered; al ight  saving be- 31 1 



P, 
Lens of WELL O E D  SAND - containa approximately 

@ 15 n 5s wll  graded gravel 

0 SILTY SAND - sand predaninantly f ine,  medium 
amount of s i l t ,  brown 

Laminatim~ 6.. d well graded sand, oontains .., . . . 
t. . . . :;. .,- . .. 

approximately 15s gravel, well graded 
? . .4: 

23.646- 651 

iJ 

P) 5 

NOTE: Qrountlwater not encountered; caving below 7*' 

SILT - contains medium amount of f ine  sand, 
l ight  brown 
Grading s i l t i e r  

a 
k 

POORLY W E D  SAND - predaninantly f ine ,  clean, 
G l i g l t  brown 



4" A o C o  Pating 
FLU - SILTY SAND t POORLY GRADED SAND - ssnd 

fine to medium, eontaLnrs large mount of silt, 
same alry, briok, concrete 8nd wood, foundry 
slag, dark brown 

POORLY (BUED ,SAND - fine to medium, aontains large 
amount of silt, ram cobbles, brom 

contaim about 1 6  gravel and aobbles up to 4" 

WELL OWXD SAND - olean, light brown 

Groundmiter not encountered; no caving 



RECENT ALLUVIUM 

LO(3 OF BORING 6 
l6 "-Diameter Rotary-Buoket Hole 

Drilled June 18, 1958 

NOTB: : Groundwater not enoountered; no oaving. 

0 SILTY SAND - sand predominantly very fine, 
contains mall to medium unount of silt, 
brown 

POORLY GRADED SANS - fine to very fine, 
large amount of fines, light brownish-grey 

5 
a, 

a, 30.68 871 
'34 

10 
22.66941 

A 
P 

a 15 
a, 31.746- 901 
CI 

20 

SILT - oontalm small atnount of e l ry  and very 
fine sand, dark brown 

~ i ~ h t e r  in oolor 

Sandier 



i . O N W N T A L  : DEPOSITS 

LOO OF BORING 7 

0 
LEAN CLAY - jointed, contains small amount 

4 of silt, dark brawn 
(I) 

Q) OraBing t o  reddish-brown 
ec 

5 

a 
-4 SILTY SAND - sand predominantly very f ine ,  

medium t o  large e m t  of silt, moderately 
oemnted, l ight  brown 

4 10 
+' 
91 
(U 

la POORLY W E D  SiAND - predominantly f ine ,  
sane silt, l ight  b r m  

15 
NOTE: Qroundwater not enoountered; no oaving. 



4 

a 15 . 

SILT - 001lltaj.m d l  omcr\tnt Of' * 

rsddieh-brown 
POORLY cwlDm SAND - preb8mitlQntly fines 

94-s .: :..- . c2 ..:. c a n t a h  mal l  to ,l,edillm fl,mmnt d silt8 
:> :. :. ..-:. .- . .. ._.. -.. 
8 . .  .-- . .' ,_ I. .- . .z-:  -..-. '. . i ..- .. . -- I.. :. .: .. .. . - .  .:. ;s:c 

light reddish-brm 
Grading aleamr 
Clem, grey in colar 

Uiycr SILT 

(9 2 9)- 9 q,:::.: : 

*r Layers oC SILT and SILTY SAND - plreacminrmfw 
PI f h ,  l i gh t  bl'm 

25 
R Contains saw a- 

30 

SUTY SAND - send predomfmt ly  f inc, medium 
- . .; 
3 ': ; amount of sQlt, bmwn 
- , -  

35 "...- .' ....* Yellowirh-&arm 
' I  ,- -.- 

5 . .  POORLY a im SAND - $%i'Ul-tly f - 8  

25.6$* ~ 1 k  ..., - . ::< 
,. , ?, 

ountains ~ m r l l  mount aC silt, gray 
- .  -. . .- ' ,. 4 

t , .- 
I.. . <. a-.., 
.: . ,., . . .<. ., . 1 -.... . " I . . ... .. . . Grading alearrar 

40 
.,I I . ., . . - ., . . 

: SrouBiva.tcis or~aormtored a t  2':$ ; 
aravhg  bad!^ .;' 75' 

k 

d 
.;-I 20 

3 . s  
s: 

# .  -.....-. 
,; :. :: . . . . ._. . 
:I. -..is? 

1 1  1 j .+.;i : ..x- 
-t C,-  
I. -... _ .% . . 
:*. .-..: .. - 

974ci;; 
:- -1,- -. . - - ..: -*...- :: 



LOCf OF BORING 11 

Dark brown; s i l t i e r  

Large amount of s i l t ,  small amount of clay 

Medium amount of silt, l igh t  brown 

SILT - contains small amount of clay, small 
0) amount of f ine  sand, brown 

Layer of s i l t y  sand 

C 
POORLY W E D  SAND - pred aminantly f ine  , 

contains small amount of gravel, l i g h t  
redd ish-brown 

streaks of organia matter, bluish-grey 
SILTY SAND - sand predominantl~ fine, medium 

mount of silt, bluish-grey 
iEAN CLAY - contain6 small amount of silt, 

bluish-black 
SILTY SAND - sand predominantly f i n e ,  medium 

mount of si l t ,  reddish-brown 
POORLY W E D  SAND - pmdoroinantly f ine ,  

clean, grey 

Lena of SILTY SAND 

NOTE: Groundwater not encountered; caving from 34 ' t o  50' 



9ONTINENTA.L be low 28 ' 
LOG OF BORING 12 

SILTY SAND - sand fine to  medium, large amount 
of silt, few cobbles, dark brown 

POQRLY GRADED SAND - predominantly fine, medium 
amount of s i l t ,  b r q  

SILTY SAND - sand f ine,  large amount of silt, 
brown 

Few small  gravel 

POORLY W E D  SAND - preduininantly fine,  medium 
amount of e i l t ,  brown 

LEAN CLAY - aontains same fine sand, fear small 
gravel, brown 

CLAYEY SAND - sand fine,  medium amount of olay, 
sane s i l t ,  oemented, reddish-brown 

Less cementation 

Fen gravel 

NOTE: Groundwater not encountered; no caving 



mING 13 
18~-Diameter Rotary Bucket IIole 

Drilled November 18, 1959 

Layer of WEU W E D  SAND 
SILT - oontains lar e amoutt of oley, medium 

amount of  ma^, %m 
Few mall gravel 

Layer of GRAVEL 
Large amount of clay 

Contain8 approxima tely 35$ well gradd 

Layer of SILTY SAND with g r a v e l  

WEU GRADED S;1M1 - dim amount of fines, 
approxi.llltely 4 5 ~ ~ ~ 1 1 1  gravel, brown 

SILT - oontains medium amour~t of alay,  sane 
sand, brown 
Few smell gravel 

Layers of WHJ, GRADED SAND and GRAVEL 

Layer of WELL O E D  SAM) 

NOTE: Groundweter first encountered at 40' and 
remained at 40' overnight; no oaving, 



CONTINENTAL DEPOSITS 

LOG OF BORIXG Iln 
16"-L~imeter Rotary-lhroket Hole 

Drilled September 23, 1958 

U A N  CLAY - contains large amount of very f ine  
sand and ~ i l t ,  reddish-brawn 
~ S S  611t 

CLAYEY SAND - sand predominantly fine t o  very 
fine, contains large amount of clay, large 
mount of s la te  gravel, cemented, reddish- 

LEAH CLAY - brown 

CLAYEY SAMD - eand fine, large amount of olay 
and silt, brown 

%I Layers of LEIW CLAY 

LEAN CLAY - aontain6 smll amount8 of silt and 
very fine sand, brown 

a 
+r 

CLAYEY SAND - sand f ine t o  very fine, oantains 
medium amount of c lay  and silt, brown 
Grading t o  mottled reddish-brown 

Small amount of silt with few smll s la te  

35----- 

. , 
POORLY GRADED SAND - predaminently fine t o  

, . medium, contains few coarse sand and small 
. . slate gravel, small amount of finee, brown 

CLAYEY SAND - sand predominantly very f h e ,  . 
aontains large mount of clay, brown 

NOTE: Groundwater not encountered; no caving. 



LOC OF BORING 1 5  
1 8 w - ~ i a m e t e r  Rotary-Bualcet Hole 

D r i l l e d  maember 18, 1958 

amount of a d ,  mottled brown 
SILT - contains large amount of sand, dark 

LEAN CLAY - acmtaina small amount of aand, 
brown w i t h  atreaka of derker brown 
Contains medium to large 8pount of eand, 
large amount of eilt, oemented, light brown 

Contains mall amount of silt, brown 

SILT - 0ont.h -11 to n ~ d i u m  mount of 
eand, d l  amount of olay, b r m  

SILTY SAND - sand predcnninantly fine, medium 
to  large amount of s i l t ,  brm 

18. -112 
LEAN CLAY - oontaine mall mount Oi sand, 

brown 

30 
SILT - contalm medium amount of sand, 

light warm 

19.1~106 
NOTE: Groundwater not enoountered; no wiving. 



LOG OF BORING 16 

0 

10 Feu gravel; lenr of amranted eilty wlae 
+r SHAS - laminated, 1u.nf.nations of aspbltio rud ,  
o greenish-Warn 
o Harci o m n t e d  layer6 
h 

20 

CI 
o r 4  

Thin etmka of rilfy send 
Iu-ge layera caf rilty ~ n d  " 30 

Y 
PC 
8 
n 

40 

NOTE: Vcrg alight water seepage at  28' ; no wving. 





ENGINEERS A N D  CONTRACTORS 
FOUNDED 1 8 2 7  

6 6 8 A  SO. LAFAYEGE PARK PLACE 
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January 23, 1960 

Daniel, Mann, Johnson, & Mendenhall 
3325 Wilshire Boulevard 
Los Angeles 5, California 

Gentlemen: 

We herbwith submit our report on the construction of underground 
rapid t r a n s i t  subways i n  the Los Angeles area, i n  accordance with 
our agreement t o  ac t  as your consultant i n  t h i s  f ie ld .  

The scope of our e f for t  was established by preliminary negotiation 
and by your continuing direction t o  our s t a f f  engineer i n  your 
office.  The content, i n  t ex t  and reference, i s  compatible with 
and conforms t o  the balance of your progress report t o  be submitted 
t o  the Los Angeles Metropolitan ~ r a i i t - ~ u t h o r i t ~  on February 2, 
1960. 

Very t r u l y  yours, 

MASON & HANGER-SILAS MASON CO., INC. 

Leu, ' 5 - a , ,  
Francis Donaldson 
Vice President 

LEXINGTON, KENTUCKY ST. AUGUSTINE, FLORIDA MIAMI, FLORIDA 

SHREVEPORT, LOUISIANA BURLINOTON, IOWA GRAND ISLAND, NEBRASKA LOS ANGELES, CALIF. 
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mPOpT ON U B m R O u a D  CONSTRUCTION FOR LOS NG-S RAPID TRAMSIT SW'EM 

Among those ?who have studied the Lss W l e s  t l a f f i c  pmblems, it is the 

consensus that on account of i ts* high cast, unda3r@;raund railway construct- 

ion should be confine8 t o  the more closely bu i l t  and congested areas of 

.the ci ty  and beyond these, some oth$r t y - p  of corasststretirrn should be 

seriously conaidead, This *pa& coafines i t s e l f  to the undergrouad work. 

The general plan assunred f o r  t h i s  r epo r t  pro~ ides  f o r  a section .of four- 

track c o n v ~ ~ n t i ~ w l  subway i n  the heart of the ~ i t y ,  fed by three =did, 

two-track lines exteading respectively into the Wil&im-.Resed~, the 

Long Beach, and &mardino Corridors. A f a w t r a c k  dawntom loop was 

considered, but it is believed that th i s  pLan would i m a 1 ~  too wmy 

difficulties,  bath in const~uction and operation. !?!&e alternative now 

proposed is to build fwdaer lims to  two o r  mm af the stations &a the 

four-track section; theee feeders to  consist of be l t  transporters herein- 

af*r tented distributors, constnzcted i m  tunnel i n  the i~ tess t tc t ing 

streets .  Such distributors w i l l  opemte at lengths up t o  1$ milea, and 

sin= they  a m  entirely independent of the subway structures, they my 

be colfsrtnrcted eilgulter1z&ou8ly o r  added as required. 

fa recent years, tunneling aethods haw been developed which makfi; it 

possible, i n  the: Los Angeles  oils, t o  drive twvlelnr of the size required 

f o r  a subway t a n  econmicllly without causing ground settlement, It is, 

I therefore, pmposed ta construct i n  twinel the subway between stations, thus 

obviating th;e aecessity of driving soldier beans, of street decking, arid of 

other disturbances to tmffic snd t o  the public paw of' mind. 



For the statianar beneath ci ty  rstmerts, houemr, there is nn alternative 

to co'~.ventiaaal open-cut subway consthlcticm beneath &dciag. 

This combimticm ofie!rrr an zniiwmtage Ira. opmtioa ,  i n  that  the track a t  

the stations may be kept at  a mlatively high tllcrvcntion and then dipped 

betmen the statiom, thus permitting gravity to accelerate outgoing &nd 

retard incomiw traim, %is saves power eund mar on brakes. 

U ~ b r  Bunker H i l l ,  w h e r e  cover is too dew for   pen-cut, the proposed 

B ~ ~ ~ % O F L E  W i l l  be CQtltstlWctl3d E t ~ t i ? S l y  ill t-1s. w i l l  m w s l ~  

#scalstors to carny passengers to 83ad f r ~ ~ a  the s-, 

Standard rail tmsit w&er warned f a r  thira rqprPt  to facilitate! CO@- 

ma of msts  with existing syst&ma. It is r&co@eed tbat structursl, 

cr i teria,  a d  thus cast, b r i l l  d i P f e ~  puanng the variclnss proposed t ~ a ~ l l j ~ i t  

sye*w, 

Accoll~pgnying this report am glans anB a summry of estimated casts based 

on these plans using 198 labar rates ax& prices. Also enclosed &re the 

detailed cost estimates rsnd a diseuasion of pertinent eonatruction para- 

It should be mted tihat labor mte8 coatinw to riae, On the assuaaptiola 

'thpXt work w i l l  be stzwbd i n  three years, lo$ must be added to the t o t a l  

cost  to cover escalation. Also, note a t  gItly direct  s tmc tuml  COB- 

structian costs her%! been included,Gbsts of rai l ,  signal, tslhd poweir 

installation w e r e  oPrltted as constants regardlees of structure. 



m m  C M B  PER MII;E - 

COMPARBOBT .WITH HEM YORK SUBMY CQSTf3 

Construction Costs 

Feet - LRagth 

TWO ~ r a ~ k  ~ubway lz!,ooo 2,28 15,900 

Cost l~er Mile ~ w a  Track Sibway: ~ r r s  hge~es $ 7,650,900* 

Cost Per Mile l?aur Trwk &ibwa~s: lrJs Angeles $18,000,00~* 

Distribu-tm ~ Z m s  13, 900 2 46 

C 
7,297' 

Dis tr2butor St at ions 320 0.60 1,003 

Cost Per Mle Dutributax: Los Angeles $ 7,%0,000 

I * LOB M l e s  casts based on asr3med lqyt~ut in downtown dis tr i c t .  

* Blased m 1959 -f:lgures furnished Iry the New York Board of Transportation. 



EL. O'+oa' 

E L =  6'-O* 

EL. 19'-o*' ' 

EL. 36'-0" 

T'YP1CA.L FOUR TRACK SUBWAY STATION 
a IN 80 ' RIGHT OF WAY 

Scale 1" - 20'-0" 
Construction Procedure - Cut and Cover 
Note - Ends of Platfoms tapered to allow 

Tunnel Configuration shown below. 

TYPICAL FOUR TENCK SUBWAY TUNNH, 
m 80 RIGHT OF WAY 

I 
Scale 1"-20 '-0" 

Construction Procedure - Excavate and Line 
Tunnels #l and 3. Then Excavate and 
l e ~  tunnels #2 and 4. 

I 
r3 
Z1 

S U R F A C E  - r--lde------ -- 
A I 6 

t I 

P I 
J I * I 

L C E N T  ERLINE! 

STEEL R l B S  lL2" WALL T H  1 CKNESS 

22'- 6'" 
=r- TRACK CENTERLINES 
PLATE I 
LA Rapid Transit Study 
Matson & Hanger - 
Silas Masan Co. 



n 
EL. 6'-0" dl 

EL. ~ 4 ' -  om 

mPfCCAL TWO TRACK CORRIDOR STATION 
Scale l " -20 ' -0 " 

Carnstmcted by Cut and W e r  MetPlod 
NaLer Platforms tapered, at  ends of 

s ta t ion  to alldw tunrrel separation 

TYPICAL TWO 'TRACK SUBWAY TTElNEL 
Constructed by Mechanical Ekeavation Behind Partial  Shield. Erection of Stee l  Rib 
Temporary supports (and wood lagging i n  earth) ribs jacked or wedged against ear th 
t o  exert active pressure an ove~ ly ing  ground and placement of concrete l ining,  
Note - Separation of tunnel, decreased a t  s t l t ~ t i ~ n s ~  /- BLQCKING IN WARD SHALE 

C O N T I N U O U S  WOOD 
L A 6 6 1 N G  S O F T  S H A L E  
A N D  EARTH 

PLAm I1 
LA Rapid Transit Study 
Masm and Hanger - Si las  Mason Ca 



EL. d- 0" 

4 

tri 
Q B A C K  F'l LL 

1 

WE'IC4L BEI;T DLSmBWR SY'Sm STATION 
s c m  1 'I-10 ' -0" 

CoustrucLed by Cut and Cover Method-Station Lea@& 40 -OW, Deep 
Stations Beneath Bnker"h-Fl1 Bbreavated with t m e l . f n g  metkbds by 
&largement of .th& tunael, 

Constructed 'by Meehaaieal Excavatfon 
behind partial &ieId; erection of 
s t ee l  r i b  Leqmrary supports and 
blocking or  lagging4 ( ~ i b s  jacked 
or weaged agaipst earth to  exert 
act iva pressing on a v e ~ l  ying 
ground) and placement o f  concrete 
lining. 

C O N T I N U O U S  
WOOD LAGGING 
IN SOFT SHAL6 
AND LARTI-I , $  

WXCAL BELT DZSflTHIBUTBR SYSW d 
Scale 1 "-10 ' -0" 

mTE 111 
LA Rapid Trensit Study 
Mason 8G Hanger -Silas Mason Cob 



TYPfCAL DISTRIBUTOR STATION - S W W  

Excavation - 36 ' x 23' x 40 ' 1,225 c.y. @ 20.00 $ 24,500 

Concrete 250 c.y. @ 60.00 15,000 

25 tons $400 ,OO 10 000 & 

51 300 

Total for One Station 

&cavat ion 1,800 c ,y, 63 40.00 72,000 

Concrete 500 c,y. .$ 60.00 30,000 

Escalator 200,000 

Finish 15, a00 

Total gar One $tatinn 317, mo 



TYPICAL FOUR TRACK TUNNEL (plate-11 

Excavation including grouting 11 c.y. @ 9 .00  330.00 

Ring ~~ 300 lbs. @ .25 75 -00 

Lagging 80 ft.a 8 .10 8 -00 

Concrete 3.3 c.y. @ 60.00 200.00 

Reinforcing Steel 400 lba. $3 .25 100 -00 - 
Total,Eaich Tube 713 .OO 

TotaL, Four Tubes 2,852 ,OO 

Ducts, mc .  20.00 

M i s c e ~ ~ o u s  - 78--00- 

Total per Llaeal Foot of Four T~ack Tunnel 2,950 -00 

Additional costs - .$500,000 ,for ventilation structures 

etc., for  6,500 LF 

W I C A L  Ra !iWl$GZ (Plate -2)# - . - . . . . . 

&cavation inchiing g~'~uting 10,8 c.y. @ 27.00 291 -50 

Ring Beams 200 lbs. @ .25 50 .OO 

Concrete 3.3c,y. @ 55-00 181 '50 

Rehf'orcing Steel  330 Us. .@ .25 82.50 

Total, Each Tube 613 -50 

Total, !bm Tubes 1,227 .OO 

Ducts, Ete. 10.00 

Miscellaneous 13 .00 

Total Per Lineal Foot af 'Pwo Track Tunnel 1,250 .OO 

I AdditionaJ. costs - $500,000 for ventilation structures, e t ch  

$400,000 for  mnstruct ion complications at 

corridor intersections - 
$go0,000 for 12,000 LF 

" , 75-05)- 

-9- 1,325 a00 



DISCUSSION OF UNDERGROUND CONSTRUCTION 

MFTHODS .AND DESIGN 

I. GEOLOGY - 
A. The geologic features of the  central  Los Angeles area which af fec t  

the construction parameters of underground structures a r e  described 

i n  d e t a i l  i n  the study by LeRoy Crandall a l so  incorporated i n  t h i s  

report. The shale, o r  "older firm soils",  indicated near the sur- 

face i n  the Bunker H i l l  area and further out the Wilshire Corridor 

is excellent material f o r  excavation. It is not a hard rock re- 

quiring heavy blasting procedures, yet it w i l l ,  i n  general, require 

only l igh t  temporary support during construction, (A surface cut 

on a near ve r t i ca l  slope, not subject t o  superimposed loads, may 

be l e f t  unbraced.) 

One document, referring t o  t h i s  material i n  reporting construction 

of the  Pacific Electr ic  H i l l  S treet  T u M ~ ~  ca l l s  it blue shale 

clay; i ts  character is t ics  a re  tha t  of a hard clay o r  so f t  ~ o c k .  
I 

The sandstone and shale eas t  of the  Los Angeles River, near the 

central  business d i s t r i c t ,  have properties similar t o  those s ta ted  

above. 

The Lo8 Angeles River has eroded a channel through the shale and 

sandstone base and deposited a great depth of sand, gravel, si l t  

and clay. The majority of the  central  busgness d i a t r i c t  is  founded 



on t h i s  material. Essentially, loose material is, of course, 

d i f f i cu l t  t o  maintain i n  posit ion during excavation and requires 

continuous t o t a l  support. 

Tunneling i n  t h i s  material is relat ively eas$, although care 

must be taken t o  protect existing structures from foundation 

damage caused by displacement of underlying s o i l s  due t o  construc- 

t i on  operations. 

The al luvia  a re  generally well graded ( i .  e.,  there i s  a wide 

variation of pa r t i c l e  s ize) ;  a character is t ic  which s tab i l izes  the  

s o i l  i t s e l f  and allows f o r  simple methods of groundwater removal. 

This is important because presence of water in tens i f ies  the pro- 

blem of ground support. The groundwater leve l  i s  generally below 

grades considered fo r  subway construction, but loca l  areas requir- 

ing de-watering must be anticipated. 

Tunneling d i rec t ly  under the Los Angeles River would present the 

most d i f f i c u l t  construction problems. .Larger quant i t ies  of ground 

water would be encountered and would, with seasonal surface run- 

off,  complicate construction and increase the complexity and cost 

of the f inal  structure.  

B. The area near Cahuenga Pass represents the only other route 

loca l i ty  currently considered fo r  possible ins ta l la t ion  of under- 

ground structures.  The Santa'Monica bun ta ins  here a re  composed 



of faulted basal t ic  fock formations, considerably harder than the 

shale, alternated with the shale and cnnglomerate rock, T h i s  material 

i a  mre diff'ieult t o  mine than the previously discussed shale, and 

f ~ u l t e d ,  broken rock could present support problems. 

11. CRfTERIA FOR U l q D ~ G R W N D  STRUCTURE3 

A. R i a t  4 f  -Way Structures 

Tunnel configuration is a function of the construction methods em- 

ployed, and thurs of the subsurfwe geology$ and of the number of 

para l le l  tracks. In  t h i s  instance two and four track l ines  are 

planned. 

Tunneling in shale o r  alluvia predicates horseshoe cross-section t o  

most e f f ic ient ly  provide temporary bracing t o  resist ground lo&. 

Continuom mining methods i f  u t i l ized  i n  shale# and conrplete l ining 

i n  very di f f i cu l t  ground, axe mnre adaptable t o  a circular  cross- 

section. 

Pt$rallel single tracls structures make more complete uee of excavated 

volume than double track structures of these cross-sections, and are  

much mare readily excavated and sqpported. 

:; - :l:;l? 
Single track structures of circular cross-section muld  necessarily 

be 16 feet i n  diameter f o r  conventional rail, A la rger  ve r t i c s l  

clearance, and hence larger diameter would be required f o r  monorail 

system8 in a circular  tunnel. Homeshoe shapes of 15 foot width with 

vgrying clear height fo r  the different support systems could be 

used. A l l  tunnels should incorporate emergency walkways at 



the  elevation of car door sills f o r  access t o  s ta t ions o r  ex i t  

structures. 

Open cut methods, based on trenching, favor a rectangular cross- 

section. The flat roof l i n e  minimizes depth of cut. Center 

columns between the "tracks" a id  i n  transmitting roof loads (and 

rail loads of suspended systems). 

Based on 10'-O*' car width, the center-to-center spacing of ad- 

jacent "tracks" is  established a t  13'36''. The 3 ' -6" resultant 

c lear  space allows f o r  center support columns, s ignal  equipment 

instal la t ion,  and adequate safe space f o r  maintenance crews 

during-passage of a t r a in .  Total c lear  width 00 approximately 

281-6" is required t o  provide emergency walkways adjacent t o  

each track. 

Cross-overs between the two pa ra l l e l  rights-of-way would in- 

crease the f l e x i b i l i t y  of operation and assure continuous 

service i n  case of breakdowns. Their ins ta l la t ion  would, how- 

ever, increase construction costs, par t icular ly between separate 

single track structures.  

If more than two pa ra l l e l  "tracks" a re  t o  be ins ta l led  i n  any 

section of the right-of-way, the s o i l  characteristics,  construc- 

t i on  methods, and s ide clearance would govern selection of e i the r  

multiple l eve l  o r  side-by-side arrangement. 



Note that  the  monorail systems require increased ve r t i ca l  clearance 

due t o  supporting structures.  This would be reflected i n  increased 

construction costs. 

Nominal l ighting, as well a s  auxiliary l ight ing i n  case of power 

f a i lu re  should be ins ta l led  f o r  emergency anB maintenance s i tuat ions.  

Ventilation of shallow right-of-way structures would be a combination 

of natural draf t  through shafts t o  grade at approximately 500' in te r -  

vals abetted by the piston action of moving t ra ins .  Deeper s t ruc-  

tures  may require forced d ra f t  ventilation instal la t ions.  From 5 

t o  8 .air changes per hour a r e  necessary. 

Ebergency exi t s  are  required along the underground right-of-way. 

These f a c i l i t i e s  could possibly be incorporated with the vent i la t ion 

shaft  construct ion. 

It is more prac t ica l  t o  plan f o r  drainage of underground systems 

rather  than predicate design on comgletely water proof structures.  

A general arrangement of s ta t ions as  highpoints i n  the  route t o  a i d  

both acceleration and braking would locate drainage points between 

s tat ions.  Again, incorporation with ventilation and.exit  structures 

is a possibi l i ty .  Pumping t o  existing c i ty  storm drain f a c i l i t i e s  

would resu l t  i n  optimum posi t ive removal of ground water. 

B. Subway Stations 

The important relationship of appealing, convenient s ta t ions  t o  

public acceptance of a transitsystem has been s ta ted  previously i n  
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t h i s  report. The general c r i t e r i a  discussed are  a l so  val id  f o r  sub- 

surface structures.  

The general four track s ta t ion  arrangement would provide fo r  s t r e e t  

leve l  access down t o  a mezzanine t icket ing area and concourse; and 

then down again t o  the  platform. Two track s tat ions i n  the  various 

corridors do not require the mezzanine, as t ransrers  a re  not essen- 

t i a l .  This allows shallower, cheaper, s ta t ions.  Entries from the  

sidewalk and arcades i n  pr ivate  buildings a re  suggested t o  provide 

optimum access as s t r e e t  and sidewalk widths, and above-ground 

structure usage varies. Entry t o  private buildings may resu l t  i n  

benefit  t o  the property owner as well as decreased construction 

costs and convenience t o  the public. 

Of grime importance t o  the  inducement of people t o  below-ground are  

the l ighting and ventilation of public areas. 

The use of effect ive indirect lighting, and ins ta l la t ion  of t i l e  

o r  other bright, easi ly  cleaned and maintained surfaces reinforces 

the benefit of ample l ight  quantity. 

Two separate phases of ventilation a re  imp~rtant :  (1) adequate 

flow of clean, f resh air, and (2)  elimination of discomfort due 

t o  air turbulence caused by t r a i n  motion. 

The supply and dis t r ibut ion of clean air is  best maintained by 

mechanical ventilation. A minimum of eight a i r  changes per hour 



of outside air should be supplied. A i r  entering i n l e t  s t ructures  

(grated recta,ngular boxes beneath the sidewalk) would be delivered 

by fans through duots t o  regiaters beneath and over the  passenger 

platforms. Several air handling uni ts  a t  one s ta t ion  would provide 

integral  standby capacity and allow reduction of airflow i n  ear ly 

morning hours, Exhaust would be up through pasgenger exi ts ,  

through exhaust structures located at tunnel entr ies  t o  the sta- 

tion, and along these tunnels. 

The exhaust structures a t  the tunnel i n l e t s  would serve the  second 

function of deadening the wind "blast" b u i l t  up ahead of an inconq- 

ing t r a in .  Large openings i n  the tunnel w a l l ,  connected through 

open vent i la t ing structures t o  grated areas i n  the sidewalk above 

w i l l  allow dispersal of t h i s  moving a i r  mass. 

This problem, maximized by single track tunnel construction, would 

decrease with t r a i n  streamlining and with the increase of the  r a t i o  

of tunnel s i ze  t o  t r a i n  cross-section. 

Basic vent i la t ion of a typical  two-track s t a t ion  (380 fee t  long 

x 48 fee t  wide x 14' high) at ten a i r  changes per  hour could be 

accommodated by three 5-horsepower fans. Distribution ducting 

would logical ly  be placed i n  the "deadn space beneath platforms. 

C. Engineering, Design Cri ter ia  ' 

Detailed determination of the loads applied t o  underground 

structures by the  surrounding s o i l  o r , rock  is a function of 



specific investigation of particular locations. However, the follow- 

ing data is incorporated in this report as a guide to establishment 

of specific values. 

Rectangular Sections - (shallow ~tructu~es) 
Roof design is based on dead weight of the fill, or earth, above, plus 

live loads applied to the surface. Below are summarized the live 

loads employed by the New York Board of Transportation for subway de- 

sign to avoid -any limitations to surface usage of thoroughfares above 

shallow subways, 

1) Superimposed load on sidewalks and roadways - 600 psf 
2) Or, a local concentrated load of 200,000 lbs. on 4 wheels 

spaced 12' -0" between axles a 6'-0" gauge. Each wheel 

concentrated in 24" square at the pavement and acting on 

a 1 to 2 slope to the tunnel roof. 

3) Minimum total roof load assumed as 1500 psf, which equals 

live plus dead loads for 9'CO" depth of cover. 

Sidewalls in earth are designed for total earth (and water) pres- 

sure plus transmission of roof loads to invert. 

The invert in earth is to be designed for complete distribution of 

the roof loads to decrease settlement and offset possible ground 

water uplift pressures. 



The desiga loads fo r  shallow structures i n  rock would be similar t o  

those s tated above, However, rock pressure on the walls .would be 

decreased i n  proportion t o  the quality of the rock, and invert  loads 

would be l imited t o  internal  loads, roof loading being transmitted 

t o  the  rock through wall foundations. 

Loads on deep tunnels i n  shale o r  alluvium are direct  functions of 

l o w  formations and s o i l  mechanics. 

111. SUBWAY CONSTRUCTIQN METHODS 

A. Tunneling, General 

Tunneling is  the  method of underground construction which creates 

the  l eas t  disturbance t o  the general public. Construction incor- 

porating modern excavation procedures, methods of temporary support, 

and permanent l ining designs, w i l l  not disrupt the  ac t iv i t i e s ,  nor 

damage the structures of, neighbors immediately overhead. 

Surface ac t iv i t i e s  a re  limited t o  plant areas f o r  offices,  tempo- 

rary material storage, vent i la t ion equipment, spoi l  handling, 

concreting, maintenance and power equipment. 

Plants f o r  short  tunnels a re  generally located at adi ts .  For a 

longer tunnel, operations a re  also carried forward'fiom. inter-  

mediate shafts preferably located at a s ta t ion  s i t e ,  where per- 

manent surface access is required. Increased costs of plant  

duplication must be balanced against the compressed progress 



schedule. Plant space must be on appropriated public property, 

acquired priivate land, o r  incorporated i n  permanent s t a t ion  areas. 

Hauling of excavated spoi l  and su-pply of construction material  is 

generally accomplished over public s t r ee t s  i n  urban areas. 

Tunneling problems vary with the type of ground penetrated. The 

shale formations underlying the area north and west of the central  

business d i s t r i c t  and the  Wilshire Corridor is, as previously 

stated, an excellent material for  tunneling operations - f a i r l y  

soft ,  yet capable of at  l eas t  temporary self-support. More care 

must be taken t o  support the Los Angeles River alluvium, however, 

similar tunneling methods may be used. 

B. Recommended Method 

A tunneling procedure which may be applied t o  both types of ground 

has been developed i n  the Los Angeles area, and is here recommended. 

A shield is employed t o  protect the  workers and support the over- 

head ground at the tunnel face. The shield is  an open-bottom 

horseshoe shaped s t e e l  frame with a s t e e l  p l a t e  skin tha t  conforms 

t o  the tunnel section. It i s  moved ahead by means of hydraulic 

jacks as tunneling progresses. 

The temporary tunnel l ining - horseshoe shaped s t e e l  r ib s  and 

wooden sheathing - is erected inside the t a i l  end of the shield.  

An advantage of t h i s  l in ing  configuration is  the a b i l i t y  t o  jack 



o r  wedge it up against the ground t o  exert active pressure and pro- 

h ib i t  subsidence. 

Coinplete sheathing may not be required i n  the harder shale. Then 

the  r ibs  a re  intermittently blocked against the shale t o  provide 

support. It is possible tha t  l i gh t  blasting might be required t o  

loosen t h i s  hard formation. 

Mechanical excavators a re  usually employed t o  dig and load most of 

the "muck". Some ham mining is required around the shield ge r i -  

phery. The spoi l  is  hauled by bat tery or  t ro l l ey  powered mine 

t ra ins .  

Rate of advance of a tunnel heading by t h i s  method i s  estimated at 

f i f t y  fee t  per three s h i f t  day. 

Placing of the permanent concrete l ining should be accomplished 

soon a f t e r  tunnel excavationit0 minimize poss ib i l i ty  of surf ace 

subsidence and damage. Concrete i s  placed by pumping methods in to  

forms which may be moved and re-ueed through the en t i r e  tunnel 

length. 

The closely spaced tunnels i n  the four t rack section of the subway 

present a construction problem. To avoid dw.uage t o  a tunnel by 

subsequent excavation of one adjacent t o  it, it is  proposed tha t  

tunnels 1 and 3 (see Plate  1) be excavated and concrete l ined  

pr ior  t o  excavation of tunnels 2 and 4. 



The cost estimates i n  t h i s  report are  baaed on tunneling both the  

alluvium and shale.by t h i s  method. 

C.  Continuous Mining 

Completely mechanized continuous mining methods have been recently 

successful i n  shale-like formations at several l oca l i t i e s .  The 

prime examples of t h i s  equipment a re  the "Molest' employed t o  exca- 

vate out le t  and power tunnels appurtenent t o  Qahe Dam near Pierre ,  

South ,Dakota. The material excavated i s  Pierre  shale, similar t o  

loca l  shale. 

The ent i re  face of the tunnel is cut by a rotating cutter-head 

driven by large e l ec t r i c  =tors. Built in to  the "hblet' i s  equip- 

ment which collects excavated material and conveys it t o  hauling 

equipment. 

Three such machines have been employed at  the dam s i t e .  Excavated 

tunnel s i ze  varies between 26 and 30 f ee t  diameter. Costs of the  

r igs  vary between $350,000 and $500,000. 

Progress r a t e  with these machines b s  averaged over 50 f e e t  per 

Another continuous mining machine has been employed i n  California. 

A t  Vandenberg A i r  Force Base, north of Santa Barbara, a machine 

known as the  "Badgern d r i l l e d  1300 fee t  of LO foot diameter tunnel 

through blue shale. The machine, though not nearly as complex as 



the "Mole", does embody spoi l  handling and conveying equipment and 

a shield t o  protect workers i n  the unlined portion of the tunnel. 

Rate of advance with proper nnack removalmethods, cgyld approach 

an average of two feet  per hour. 

M r .  Lawrence L. Morris, of Whittier, developer and owner of the  

%dgerW s ta tes  that a machine with comparable capabili t ies could 

be developed f o r  up to  22 foot bores. The r i g  would cost approxi- 

mately $150,000. 

Other isolated instances of continuous mining i n  shale have been 

successful. For example, coal mining equipment designed t o  work 

i n  rectangular drifts was adapted t o  cut a 12 foot diameter sewer 

tunnel i n  Euclid, Ohio (1953), when neighbors complained about the  

blasting nuisance. 

+ 
An attempt t o  continuous mine small bore sever tunnels at 

Pittsburgh was absndoned recently. A mixture of sanctstone with 

the s-e presented a variation of cutting conditions not econo- 

mically met by t h i s  method. 

It is noteworthy tha t  continuous mining methods are best adapted 

t o  circular  cross-section tunnels - a less  ef f ic ient  configuration 

f o r  t r a n s i t  service than horseshoe sections. 

Also, the large tuhnels successf'ully mined by continuous methods 

are  nominally constant diameter. Stations, ventilation structures, 



emergency exi t  structures, and other appendages t o  the nominal 

smoth bore of a subway would not lend themselves t o  t h i s  method. 

Maximum tunnel diameter practicable fo r  continuous mining is 

governed by several factors. The height of free standing ve r t i ca l  

face of the material excavated is  c r i t i ca l .  The power consumed by 

the  large machines, and the incumbent temporary power transmission 

costs, a s  well as t h e i r  i n i t i a l  design and development costs w i l l  

also control. 

Because subway tunnel lengths must economically be kept t o  a mini- 

mum; and because the majority of these tunnels w i l l  be located 

downtown, i n  r iver  alluvium not suited fo r  continuous mining; it 

is not deemed probable tha t  the application of t h i s  method would 

effect appreciable savings t o  the program. Hence, the cost esti- 

mates have been based on the use of the shield method f o r  a l l  

tunnels. 

D. Hard Rock Tunneling Methods 

Cahuenga Pass has been mentioned as the possible s i t e  of a tunnel 

f o r  reason of grade and lack of right-of-way space over the pass. 

The hard rock formations i n  t h i s  loca l i ty  would predicate use of 

the time honored tunneling procedure of d r i l l ing  the tunnel face, 

loading these holes with explosives, blasting, removing loosened 

rock, instal l ing temporary support i n  the freshly excavated area, 

and then repeating the cycle. Cost figures projected by the 



California Department of Water Resources indicate constructian costs 

f o r  a double track tunnel i n  t h i s  material t o  be $8,000,000 per mile. 

E. Cut and Cover Construction 

Cut and cover is an al ternate approach for  construction of under- 

ground t r ans i t  structures i n  urban areas. 

The method is  sunrmarized as the excavation of a trench, construction 

of a rectangular cross-section subway tunnel, and restoration of the 

surf ace. 

Problems are apparent. Blocking of urban s t r ee t s  must be minimized. 

Structures along the right-of-way must be protected. The myriad of  

subsurface u t i l i t y  l ines i n  downtown areas must be maintained opera- 

t ional . 
The problems have been recognized and overcome i n  the long develop- 

ment of t h i s  method. The procedures currently in  common use are as  

follows : 

1. Underpin adjacent structures 

Underpinning is defined by an excerpt Prom a standard subway 

contract of the New York Board of Transportation i n  Underpinniq 

by Prentis and White as: ."Such method of construction a s  w l l l  

transmit foundation load direct ly through the underpinning 

structure t o  such lower level  as necessary t o  secure the build- 

ings and which w i l l  relieve the adjacent ground and the  (rai l road) 



structure from undue l a t e r a l  pressures. The underpinning shall 

be designed t o  furnish a safe and permanent independent support 

f o r  each building and structure. To accomplish t h i s  resu l t ,  t he  

contractor shall use such methods of underpinning, pneumatic o r  

otherwise, as special  conditions may require and the  Engineer 

sha l l  approve. " 

Methods vary with types of foundation and s o i l s  but generally 

involve preliminary support of the  s t ructure while p i les ,  piers ,  

caissons, (Large open pi les ,  sometimes constructed under a i r  

pressure i n  poor water bearing ground) o r  a combination thereof, 

a re  constructed; and then wedging of the new foundations t o  

those exis t ing .to t ransfer  the building loads, As a rule,  only 

the foundatiobof the  building beneath the w a l l  facing the  ex- 

cavation are  underpinned. 

In  some cases where the excavation is t o  be at some distance 

from the s t ructure only l a t e r a l  protection i n  the  form of a 

cut-off wall is required. 

A l l  underpinning operations a re  preceded by inspection of 

existing structures t o  determine what dsmage, i f  any, is 

actually incurred during excavation. Usually representatives 

of the engineers, contractors, and building owner conduct the  

examinat ion. 



The local  Los Angeles s ta tu tes  mst be investigated t o  determine 
* * '  , 

the legal  responsibil i ty of the  MTA contractor and f o r  damage 

due t o  such excavation. 

Generally both par t ies  a re  l i a b l e  f o r  damages due t o  contracted 

work; the contractor is  l i ab le  t o  damages due t o  negligence i n  

performance of t h i s  work. 

Cost of underpinning varies great ly  with the type of s t ructures  

along the right-of-way, width of right-of-way and depth of 

excavation. 

2. Excavate Trench, Providing Temporary Roadway and Supporting 

Subsurface U t i l i t i e s  

These tasks a r e  inter-related and conducted simu1taneousl.y 

as the job progresses along the route. Methods have changed 

with the evolution of construction materials and equipment 

t o  a f a i r l y  standard procedure. 

F i rs t ,  H-beam p i l e s  a re  driven t o  below subway subgrade a t  

approximately LO-foot intervals along the net excavation 

l ines  on each s ide of %he subway. Shallow p i t s  a re  some- 

times excavated pr ior  t o  p i l e  driving t o  avoid piercing 

underground u t i l i t i e s .  

Then the s t r e e t  is  excavated t o  a depth varying from 3 t o  12 



f ee t .  This phase of excavation is  done by careful use of power 

equipment and by hand, again t o  avoid disturbance of u t i l i t i e s .  

A t  the same time, transverse girders a re  ins ta l led  between 

p i l e s  and a timber decking instal led.  The framework i s  designed, 

i f  possible, t o  span the en t i re  excavation t o  allow open work 

space. It must carry normal t r a f f i c  loads plus any loads applied 

during construction operations. Special framing and bracing must 

be employed where s t r ee t  railway t r a f f i c  i s  maintained. U t i l i t i e s  

a re  supported from t h i s  falsework. 

Decking and excavation a re  generally scheduled t o  continuously 

maintain t r a f f i c  on a t  l e a s t  half the  roaduay width; par t icu lar ly  

f o r  f i r e  and other emergency equipment. An exception t o  t h i s  ru l e  

was  the procedure followed during construction of the f i r s t  incre- 

ment of the Toronto subway. A l l  t r a f f i c  w a s  t o t a l l y  detoured 

from two t o  four blocks f o r  short periods; t h i s  great ly  simplified 

the contractor ' s operat ions. 

The various u t i l i t i e s  a re  maintained by methods consistent with 

t h e i r  characteristics.  Gas l ines  a r e  temporarily routed through 

by-passes l a i d  a$ curb level,  with bridging at intersections, t o  

avert  possible leakage i n  the excavated area. .Lightweight pipe 

flumes, substi tuted f o r  heavy sewer l ines ,  a re  hung with the  

other smaller, l igh ter  u t i l i t i e s  and l a t e r  replaced. Manholes 

a r e  e i the r  destroyed and rebui l t  o r  supported. This work i s  

usually carried out by the owners of pr ivate  u t i l i t i e s  and by 



the contractor under the supervision of various c i t y  departments. 

Large storm drains transverse t o  the  subway a re  rerouted under 

the  structure by inverted siphons. 

The remainder of the excavation is then carried t o  sub-grade 

beneath the deck. Small power shovels of tunnel type mining 

machines load d i rec t ly  into trucks-whi'ch ex i t  through ramps t o  

grade. As  the depth of cut increases, horizontal sheeting i s  

ins ta l led  between the p i l e s  t o  support the ear th and additional 

cross bracing is ins ta l led  as required. 

Tunnel Construct ion 

The permanent way structure construction i s  done by standard 

methods, and is considerably simpler than the preceding under- 

pinning and excavation operations. 

Structures of t h i s  type have generally been s t e e l  frames at 

f ive-foot spacing with concrete jack (shallow) arches between 

frames. This design has evolved from closely spaced cross- 

tunnel bracing necessary when timbering rather than s t e e l  was  

used, but remains competitive with reinforced concrete designs. 

One advantage of the closely spaced bents i s  the  comparatively 

small size and weight of the s t ruc tura l  and reinforcing s t e e l  

which must be handled .and placed i n  the cramped quarters 

beneath the decking. 



Lack of adequate space fo r  a construction plant usually predi- 

cates use of t r a n s i t  mix concrete whichA8 placed by gravity 

through openings i n  the  deck. 

4. Restoration of U t i l i t i e s  and Roadway 

After completion of the tunnel, the space above the s t ructure 

i s  backfilled, the u t i l i t i e s  replaced, and the s t r e e t  and side- 

w U  restored. Again, these operations must be scheduled f o r  

minimum disturbance t o  normal t r a f f i c .  

Where cut and cover methods a re  followed i n  a populated area, 

the turning radius of t r a n s i t  equipment w i l l  necessitate loca- 

t ion  of the right-of-way outside the l i m i t s  of public right- 

of -way beneath existing structures.  Where th i e  is necesmry, 

a l ternate  procedures may be followed; e i ther  underpinning of the  

buildings i n  a manner allowing tunneling below them; o r  condem- 

nation, demolition, open cut excavation, and construction of a 

- subway structure capable of suppqrting future buildings on the  

3 s i t e .  

r The cut and cover method just  described is used where ground 

conditions a re  not favorable fo r  tunneling operations. In 

such cases the increased tunneling costs of fse t  the  nuisance 

and complication of u t i l i t y  and t r a f f i c  maintenance. 

It i s  applicable i n  Los Angeles s ta t ion  construction where 

t h e ' f i n a l  s t ructure extends t o  the surface. 



E. Los Angeles River C r o s s i q  

The subway portion of the system could be extended beneath the  Los 

Angeles River bed. However, the construction problems entai led by 

the  presence of considerable groundwater i n  the  sand and gravel 

alluvium would make such an operation f a r  more expensive than bridg- 

ing. Another fac tor  increasing the  tunneling costs would be main- 

tenance of the rail t r a f f i c  on both sides of the r iver .  

Bridge construction could clear  the r a i l  operation. A p i e r  o r  

pie- within the  r iver  channel would decrease the  individual spans 

and bridge cost. The only apparent adverse requirement f o r  bridge 

construction is the acquisition of r ea l  es ta te  west of the  r iver  

f o r  "daylightingn of the right-of-way. 





V I C T O R  G R U E N  A S S O C I A T E S  

DANIEL, MANN, JOHNSOU & MENOENHALL 
3323 WILSHIRE. BOULEVARD 
Los APIG~LES 5, CALI~ORNIA 

ATTENTION: MR. DAVID M~LLER 

IN ACCORDANCE WITH OUR RLCEPIT OlSCUSSlQN CONCPRNING THL RELATION OF 
THC &s ANGELOS "CCNTRAL c I VY'  TO MASS RAP ID TRANSIT, w HEBEWITH 
SUBWtT OUR TMOWiHTS QN THE SUBJPCT* 

BEFORE OISCU$S#NG THE CENTRAL CITY-RAPID TRANSIT RELATIONSMIP, I T  13 
IMPORTANT THAT EVfRYOM CONCERNED BE APPRIZED OF TML ASSETS AND PRESENT 
POTENTIAL or t t t r  CENTRAL CITY. 

CENTRAL CITY HAS THE GREATEST COWCENTRATlON OF P f O P U  I #  
THC ENTIRE LOS Awae~ss WBTR4POLlTAN AREAj AT ONE TIWE OR ANOtHaR 
THERE ARE 750,000 PEOPLE I N  THE CKNTRAL C4TY ON A TYPICAL BUSlNLSS 
DAY. 

. THE CENTRAL CITY HAS ram MAJOR D~PARTWCYT STBAES AWD OVER 1600 
OTHER RETAIL CSTACILISHWLNTS, CAUSIW 17 TO BE THE LARGEST S W P I W G  
CENTER I N  THC WEST. 

. THL: CENTRAL C lTY 19 PORTUMATE 114 HAVIWB, AS 01QI 01' ITS  MAI)BR 
TENANTS AM IWTLORATLD CIVIC CINTLR HOUSINQ FIOERAL, STATE, 
COUNTY AND CITY AGENCtSb. 

TME CENTRAL C lTY I S  THC FINANCIAL CENTER OF THE REGION. MAIM 
OFF ICES OF THO S I X  LARQEST BANKS I N  LOS AWLLCS ARE LOCATE 0 
DOWNTOWN AND WORP THAN Om-THIRD OF ALL BAMU DCPOSITS I N  t .0~ 
Aff i~kgs COUNTY ARE tN THE CENTRAL C ITY. 

, THE CENTRAL CITY CQNTAIWB MQIZE THAN ONE-HALF tW THE CLASS A HOTEL 
R W M  I N  THE LoS ANCELLS AREA. 

. THE CENTRAL C lTY I S  THE CULTURAL AND PNTCRTAINMENT CENTER O f  THC 
RE0 I ON s 

THT CEWTRAL C lTY  CWlTAlWS OVER 10,000,000 SQUARE PLgT OF OFFICE 
SPACC s 
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. !N&WPLWWT Q f  PROPOSE0 MASS RAP10 TRWPOl lTAT lON,  TME C t N T U A l  
C l T Y  I S  A TRAMSPORTAtlOlJ CtWTER ACCOWL(OOATlW6 RAILWAY AM0 
IWTCR-CITY BU6 TfRUlNALSe 

. CEMTRAL 6 I T Y  INCLUO1CI 011 I t 8  WRTWVPSTEW PER I m T E R  THC 
LARGEST tlRbAN RLMEUAL PROJCCT I N  THL &~ITI[D STAIZI). 7- 
$315,m,000 PROJECT I S  PACSENT LY  I N  THC PWECUT ION STAGE AND 
LANO PURCUASCB ARC ANTICIPATED @SFOR€ THC C)tD Oi 1960. 

THE GTRA~LOIC CCNTRAL LOCATION w tnr cetnari. CITY IN R~LATION 
TO Tm Los A w r ~ e s  REGION CAUSLS IT  TO BE A tWIL  POINT OF 
I #VESTOR$ . 

. TM€ L X I S T l H Q  LWO PR6POSEO fRESWAY SYSTCW Mf D8810WJO TO O l V L  
t X C t L t E N Y  SCWVlCE TO THC COMTRAL C I T Y *  

. T H ~  CENTRAL C l Y Y  I S  FIR FRW OORMAWT I Y  T 9 W 8  W YLV COIOSTRUCTlOWj 
3,860,000 e w ~ u  nrr OF OFFICE v r c r  nu, =nu cowstauc~ro s t u c r  

I*. n t w  N A J ~  o r c ~ c ~  euitorNas v~llrrm IM nzlanr FROM 12 TO 
20 STWICS AND IDI rt.ooR ARIA  ROY (50 000 TO 1,000,005 SUAUC TE~T,  
vrvr srcv covsnusrro s t w r  19. A i 3 0 0 - a ~ ~  u a  worr~, WE 
STATL~R, WAS COIYSYRUCTED D O V N T W  I #  1953. THC TISW REALTY 
A- CQ~~STRUCTI~W COMPANY Y A V ~  IIUD~CATCO TMCIR FAITH IN WE rutuaL 
O f  THE CENTRAL C I T Y  8 Y  COMSTRUCTIWQ A X)*S?ORY, 27!3,000 8QUARC rM)T 
W l r l G E  TOWER OOWTOWU* ~ILCIOMS OF WLLA616 MAVO 8EO)I WtWT I N  
RkCONT YEARS A I R  C O W l f I @ N l m X ,  RPFURBISIIIWO &kt40 UPQRWINQ Q P t l C O  
BUILOICSQSI 

WITH t s ( L t #  tLL)(CIYTS ALRtAOY LXtST lOT ,  f)llE, CEWTRAL C l T Y  HA8 T?tE QOTEMTIhLc 
IF PROPERLY OUIDOD, TO R e n A l n  THC MUB or A ORCAT WTRWOCIS. A CCMTR~L 
B W l M E S S  DIBTRICT MOST C Q n T I W A f L Y  P A W =  I T a C f ,  UPSRACH W g A S  AM9 
IMPROVE: SllWlGLS rWaT TO U I I # T A I W  l?S S T A t U d  QOO. FOR A CLW?'RhL IRCIA TO 
B&CbSIQ MtWU PROOlfCTlYL R C W I R C I  MEASWIPS M18VC A#0 B C Y W  D(KLN2 DAYS, 
f X P A W l 8 M  OF PIAYIWQ FACIL17163,  f h C t - C I F T l m ,  ETC. ?HE QRLATCOT 8lllOl.C 
I W L W P S L :  TENOllOO TOYAdO WIQWW PROOUeTlVl  TY AM0 IW3WIING C O W T L W O  B R W R l  
wo P ~ P C W I T Y ,  IS AN IWCRCASC IN ITS IEF~ICILWY, AMO ata w tm WT 
fCfECTlVE. M E U S  Of INCREASIWQ E F f l C l E f f C Y  OOYWtOYN I$ lWE I lJ~ROOUCTlOW OF 
MASS 1hP10 tRACSP@RtATlBW. 

E~FICIEYCY I S  I N C R I A ~ D  8 Y  WIWIMIZIMG A R t A 8  W l r H l W  TML CENTRAL C I T Y  MV@TCO 
90 VfMlCLL CIRCWLATIOW AND StOlPABt, AND THE LAND L l B E I I T P O  FROM T W  MJTQWb* 
8) i  LE CAM T M N  B t  PUT TO A H I M R  Mt3 -I: PIOOOUCTIVO US&, FbtOWC l b l ~  V t H l C U -  
LJSR TWFIC DWUTOVIO WINIMIZ~~S rm ~ o t o ~ t i c ~ e t o t s t n r ~  c o m ~ t c r  AMD A 
8 W t R l e R  L t V I l l G i  EIVIROWIIEtdT C A N  Bh CROkfED. THC t X l S T l h i Q  W PROPOStO 
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FREEWAY SYSTEMS ALONE CANNOT PBOV IDE kOeWATC ACCESS TO TWii CENTRIL C I T Y  
AND A SUBSIDIARY SY$TEM OF MASS RAPID T R M ~ T A T t O Y  WILL INMLMIURABLY 
IMPROVE IMGRESS A@ LBRaSS, aN&UATIWQi #OW Ih lmBCST AMD A C f i V I T Y  I N  THE 
CEQITR&& AREA. A TFUtWlT  SYSTEM P C I W I D I W  $&RVICE TO ALL POINTS W I T H I N  
THE CEN'lR&& C I T Y  W I L L  PEW17 M P A C E  PARKIUO F A C I L I T I E S  TO 8e RLLOCATCD 
CW T H t  PERIPWRY OQ 000)DJTWN I #  LW PROOUCTIVITY ARC&%, FRehlWQ tMSO 
PRBS€NTLY USLO FObl PARK1 WQ I N  THC HEART OF TWCi C I V Y  FOR A HiQHgR USE. 
BY IHCRliASIM3 ETFICtBWCY, APPECCL lWJO PRdOUCTIYI rY ARC I#CRg&SeD AUO A 
C Y C U  I S  SThRT00 THAT SelCMLS UPYAUD, ~ T P I W  AM OCOWOL41C YRCND m T  
B ~ W E ~ I C ~ A ~  te mc e l t v .  

MASS RAPID T R A ~ O I P T A T I ~  CAM 8g VPRY CFFCCTIVE I N  INCREASING CLYTRAL 
C I T Y  ErP1CIGNCY 8 Y  CAU$ICIB W K E R S ,  WCW-RS, MJD VISlTOE38 D O S T I W D  
FOR T t K  CEWTRAL C I T Y  TO U A V L  ?#Elf? C M S  LT A PBINT R E W E D  fROM T a  
CEMTRAL kROA AYO TO U T I L f Z L :  MASS RAPID TftARtbQORTATlW. 

P~RKIWQ RATCS 1N PtRlPHERY LOTS SERVING RAPID TRAWSiT W)LL B4Z tOC#R 
THAM 0&I#TQNW RATES N O  THE € A S  AM0 SPS&O BY W l C W  O M  LIAV TIIAWEL 70 
TWS CCNTRIL C I T Y  ARC iWORTAWf FACTORS THAT WILL CbNTR16UTC TO 
SUCCESS 8~ A RMIO TUNSIT srsren, eur tnesc FMOOR~ A L ~ E  WILL tat 
INSURE ACSLCTAMX OF tne srstew. A PERSON WILL AIIAMDON HIS CAR ANO 
V T t f l t ~  W E  S Y S t t N  OYtY I F  Iff CAU TIPAWL WITH kASC AM0 COWfORT 16 H I S  
ULTIMATE DZ3T lN IT tbW.  ttf 1Cllt)f Bl? QUICKLY AND CWFORTABLY TRALISPBIPTCD 
TO H I S  D t t T I N A T l O L f  C R W  T i M  MAIM L IME VHlCW WOUQHT H I M  TO 0-OW, 
AND HE W I L L  W S T  CORTAINLY RCdECT 1WE SYSTEM ((r HE k t 0  BUB*CTED TO A 
LWGTHY WALK QR 7HE INCOMVIEUIEMCC W A T I  WC*CO#SUMINO "O#I.SURPACE" W S  
R I M .  ACCOPTWL O f  W S  W#rtO TRhb)S)lt I S  OWLY P W I O L E  BY OMfLDIiIIC 
A SYSTPM WlTHtW FHI: HIOH DCUSITY AREA QF THE CEMTDAL C I T Y  THAT W I L L  
PROVJOS MAXIMUM C O V E R ~ ,  FWXIFJILITY A- C a M v C N t e w L  'MBOU~SI  SOW^ 
FOAM OF 0fP.rSTRLET CBEIIITYIWCE. CALL I T  A BLMb1Sft COVERME %YSTg#. 
%LY THItOUOH A BLh##IEt COVERAGE SYSTEM I #  THE HiGld PRODUCTIVITY AREA 
C A N  MASS RAP10 t l4AWFORTATiON Be WADE ATTRACTIVE TO THQs6 I"RkWLLIM6 TO 
AUD fIDOM ?HZ CCMTAIL  CITY. b~ OF THE BgMfCITS ACCRUOD T H R O W  
I N C R U S E 0  E r P l E I O l l C Y  CAW Bt: CO#SIDLRED BEYOW REACH I F  SUCH A S Y S f f M  
I S  NOT U t i L l f f O .  

f~t:  BLANKET COVERAOEI OFF-GRADE SYSTEM WILL BC CQBTLY, AbfO I S  BNLY POSSIBLE 
IN HIGH DENSITY AREAS. THE SYSTLM SWLD MOT ~ e .  DESIGNED IN TERMS w THC 
PRESENT C I T Y  DEVELOPMe#T, BUT DESIGNED SO TH1T I T  WILL BE. A6EQUAtE W K W  
THE INTENSlF tED BUILDINO PCWBRAM OCCURS AS A RCSULT OF THE PARTIALLY 
C O N ~ T R U C T ~ D  TRANSI T s r s t e M .  A SUBST~NT IAL I~LCRLME )PI DOWTQVN PRWCRTV 
V A L W S  W l L L  tBE C)R(HWHT A8OU'f THROWIM THE B L M C T  COVERAUE SYSTEM, AM0 
THIS SHWW MOT ee LOST s iow w r w  c o w s t o c ~ ~ w a  tm srctrw's cost*< 
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Tnt C~DS'FRAL c I TY I I TUE IPWM POI YT a? TH~C &s A m t ~ e s  METRBPBC I TAW MCA 
I, V ~ T M  TO mt ECBYQM~C WLLS~~~~GIISQL OP los A u w ~ a .  Tw rcorr twclcs 

W THU MCMT QT Tm C I W  &WD I T S  OUTLYING A M  IWIXOJ#UTZb ULD 
I m P C J ( D S W t .  I? TWI CEMTRM C I W F M T g R S ,  W W M A f w I  Tm E I T Y  
WILL  WOT C S C A N  W COWSCQU1INCCS. FIRE, CQLICC, BUtLCJtIJO Am OLWETY, 
WLACTH AMO MUML SL~OVICEB TQ B L I G M ~ ~ O  ARCAS wlrnlw TW crurRnt c f t r  
WILC 8K blRE.hTLY IWftSCldLD, hC6611CcLU#LO BY A W K L D  M i C A C W  t W  REV#- 
TO TWL C t t Y  VSIOW $ U S  AN3 tROPCRTV TutRS. T ~ A Y  paw#TBWM P A W  WW? 
1 6  OF ALL CITY TWS. i~wsmsa WILL ~BCIWECT t ~ t  CENTRAL c t t r  ~ M D  I,- 

tQ TUL S W A B S  W, I N  T M  CAW W B U W L M M T 8  THAT M W T  BE tW&n@ I N  
A MIGMCY PaQOUCtlYL MIS&, I#ITLST06\S Y l L l  LOCH( To 00Y)3f9Ytl M A S  IN  O W l O  
#NOR C t T l t S *  

IM MI)(MrnY, I #  OIIR W I W t Q N  Tm UEClTRLU C I W  ( 8  r)# WLV ELEMCMT In TIM 
P R W L W R K  OP fHt WlTR019lltAN AREA. A C I T Y  V8-T 1 L l V I ) Q Q  hlYO 
PROOUCTlVE CONTRAA ARCA WILL IrhIL. TW IWTALLATtULI  O f  W RWbD 
TRAW~~~EIRTATIOU IY  TI~L Loa h r ~ r r s  ~STRO~~OCITAI  LA Y I ~ W  & a m a t  
COVtRMilF: IN  mL: CCWTRAL C I T Y  13 (#YL QI T M  MQ8T tWPORTAIYT =A?)-8 
THAT CAN Bt: TAKEN T6 lM6UR# & MOeCL83)CQK C t M t b t M  C I T Y *  
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C O W W  I M ACCEPTANCE 

w 

A RAPID TWNS IT  SYSTM 

LOS ANGEL= MfTROPOC ITAN TRANS I T  AUTHOR l M 
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HOW W I L L  THK COWMUMITY REACT TO A R A P I D  TRANSIT SYSTEM L W L O Y I f f i  

CARS TRAVCLLl?M AT A M A U l W  @f f i  TO 80 M I L E S  PBR HOUR, V l T N  WlBM 

ACCfLLRATIOW AND OECCLCRATIW RATLI ,  W ITH  ~?O-SCO(YO S T A T I O N  STOPS 

AaVD CAPABLE O f  ACWILVlNG 9-S~COND HOAOWAYS? 

THIS OUESTIOM M l S T  M AblSYLREO FROM tV8 P O l N T S  W VIOU*-Tmt PASSCYQER'S 

AND TWL WN-PAOSEWBCR'S--AND THE TWO ARK HOT l EC tS6AR l t .Y  COWATIOCC,  

t V t N  THOUGH THC TWO POINTS  OF VIEW WILL,  I N  MANY CA809,  8E 8HARQD BY 

THE SAMC I W I V I D U A L .  h PASIIIE~~~ER'S C R I T E R I A  FOR JODCilUtB A R A P I D  

TRAUSIT SYSTEM IS e u l n  BIP~LRENT THAN THAT OP THL WBU-CISSCMQSR, 

mto I S  A RtStDRMT,  WRKI;R, IiHOQPCR, LTC*,  I N  CLOSE PWOXtY tTY  TO THC 

SYSTCU BUT TEWPBRARILY NOT A USCR W I T .  

THC PASWWILB I S  I N l X R t S T E O  I N  COMVLNILWT S T A T I B H  LOCATIBXS, M l N l W W  

WAlT lWQ PCAIBOS, MAXIMUM SPECD, A C9W'ORTABCE R I M  W l T l d l N  A CAR OF 

QLfAS IWO APPEARANCE, L8W WOlSg CCVCL AND CONTROLMD TBWPERATURC. 

O ~ S # ' T  WANT TO M A L I  UP A)ID WHO BTATIOW STAiAS, TRAWSfCR, UWOIROO 

COMFLICATED FARE CROCLMIRBI, WALK VERY F I R  FROM P A R I l W B  70 STATIOW bR 

FROM STATION TO D~STIMAT~OM.  HE IS INTIRCSTEB IN s A r r r r  uro m IS 

COMCCRNLD WITH COST. 

THE MAN rmo rt ma wewcwt IS MOT USING rnt svstcrr rtuo mest envlrzweut 

t S  IWVADED BY THC I V S T E Y  #AS A RADICALLY  D I f f L R L Y T  WT 01 COMCLRYS. I N  

QICIICRAL, VOUfD WISH I T  TO BE SUUEPLACC OLSC &LTQ<DLTHPP. SIMCE T H I S  

I S  l#4PObSlbCC I M  A L L  CAWS, He SETS A D C C L l N l N @  StRtPS 8F STANDAROS 

$TART(C(C WlTM A &YaTCY TOTALLY #OISLLQSS AND I X V I S I B L L ,  THROIIIZM A 

SYSTEM MOT PLLA8AWT BUT TOLCRABCE, O W  TO A SYSTEM I ITOLERABLC I N  

OWL OR MORE RLS? fCTS*  
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A BARELY TBLLRAbLL 8 7 S T f W  W l L L  P L A C I  HUGE SOCTIOUS OF THE WPTROPOLITA I  

AROA I #  J tOPAIOY 8CCAUSE A BORDLRLIYL S I T  OC STANDARDS W l L L  RCOUCL THE 

COTLNT IAL  NUMBER W P E W L C  D C S I R f b S  THAT P A R T I E U L M I  LOCATtBW, W MATTER 

WHAT I T S  USC WIGHT BL. ~ # C O  THE DESIRE  OR POTCMTlAL I S  LOWCRCD, VALUSS 

STAB I L I ZI OR, WOAL L I KIILY, W C R I A U  STAS I L t 2 A T  I OW AND/- O L C R U S a  

=NOS TQWARO I IL IOHT.  BLIOHT, I N  TURN, DECREASES REAL CSTATL VALUES 

AUD THE V I C I O U S  DOWMWARD CYCLE BLOINS. NO C I T Y  CAN A F f M D  THE RESULTANT 

L&ND LOSS, TAX LOSS, AND O INERAL  D L F L O R A T I W  THAT RESULTS* 

AN I D E A L  SYSTCM, UNWOTICED AM0 UMWEARD, ALSO PLACE8  A D U R M N  W THC 

C O W  1 TY. LOSS O f  OTHERYl Sg USE ABLE PROPERTY, W A V Y  WAf NTENMJCe 

COSTS OR, AT BEST, h X T R L m L Y  H I G H  C A P I T A L  COSTS, ARE TWL P R l C C S  THAT 

MUST BE P A I D  FOR THE SY tTkW TWIT  THC (SOCILTIWE~) NOH-USER YOULO 

CON8100R PERFECT* 

A# INTBLCRABLO SYSTEM QUARANTECI ALL  OV THE E V I L S  THAT ANY C W M U N I T Y  
i 

WOULD HOPE TO AVOID. AN INTOLLRA8LE SYSTOM W I L L  fORCC BLIGHT, SLUMS, 

hU IRRLSP8WSlBLC LAW0 USE FATTER# INCOHSISTCNT W l T H  CRLSIWT UIIAUL, AM0 

M P R g C I A T t Q H S  I W  VALUE TWIT COULD BE CONf ISCATORY*  

TWO PROBLEM, THEN, I S  TO EVOLVE A R h P I D  TRANSfT  S C C N U l O W  THAT WILL: 

A. % R V ~  THC RIDERS' WEDS, 

8. PRCSCRVE W C l l A N C g  (BUT NEVER DETERIBRATE) THE AClCA WRVCD, At40 

C. 00 SO W l T U  h C A P I T A L  hXPCWDlTURO C O W ) H i M A T O  WITW 8 R  BCTTCA 

THAN OTHIR  T I I V I L  119063. 

fnt C R I T E R I A  tMPeRThNT FA9Y T)(L R ~ D O R ' S  9TAN0?01)3? ARC IMTeRW&, 1WD 

-87 Cf@SELY A S S O C I A T I 0  WITH  THC CNQIWE~R116a A K E C t Q  OQ A TUAWSIT SYSTgW. 
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TWL CRITERIA IMPORTANT, PROW THE STAUDPOINT OF THOSE VHO F I ~  THEM- 

SELVES NEAR THC SYSTLM AT TIM€ OUAlYC THEIR DAY OR 1116HT, A l t  

EXfgRWAL AN0 CLOStST ASSOCIATED WITH P L A U N l W *  THKSI A M  QUR PRIMARY 

COMCERW YORE. 

IUAGINL, FOR A WO)(ICMT, A HIGH-SPLQD VEHICLE, TRAVELLINQ 75 TQ 80 MILES 

PER HOUR, ACCCLERATIWO OR BRARINQ, STOPQLO AT A STATlOW FOR 20 SCCO#OS 

OR LESS AND THEN STARTING THO CYCLE OF GAINING SPCCD, LUINTAINIW trig 

M A X ~ W W  AMD THEW BRAKING P ~ R  TME W X T  STATION S ~ P .  THC VEHICLE WILL 

UOT BE SMALL. ALTMOOQH I T  COULD, THOORCTICACLY, RAWGE I N  b l 2 C  F R W  

THC BULK O r  A PRIVATE AUTQ TO THE BULK Olr & 8UQURBAbl DUO-RAIL TRAIN, 

ASSUME FOR A WOb%NT THREE TRANSCONTINENTAL BUSES CQUPtED TbGETH&R, 

ACCELERATING RAPIDLY TO REACH 75 ww SPEEDS, MAINTAINING THIS seceo 

FOR A BRIEF  PERlQO AND THEN MCEkERATlNG TO A DEAD STOP EVERY ZVO OR 

THREE MILLS. 

A CQNVEYANCL TRAVCLL I f f i  I N  T H I S  HAMMER C R C A n S  TWESg SBTUATltBarcP: 

I .  Norsr 

~ M C  NOISE CREATED HAS THREE SOURCES: FRW THC E M t N B ,  MQTOR, 

A N ~ / O R  OTHER WVIWC PARTS WI THIN TMT VEHICLE; F R ~ M  THE POINT OF 

CONTACT BCTYG€M VCUICLE AUO I T S  STATIONARY S U P W R T j  AND PROM TNL 

tuRBvLeYcL  CRCATED BY m e  VQH ICLE IS PASSAPE TMCIOWIH TM AIR. ALL 

THREE OF THESE BOURCES M E  SIlBJLCT TO 90PMlSTlGAT10N I N  OCSlON SO 

THAT n l N l M u n s  CAN BE OBTAIWD. BWT MO MATTER HOW SOPHISTICAT~D 

THE DESIGN MIGHT BE, THE TOTAL EL IMINATION O f  NBfSE I S  NOT VET 

POIBSIBLE. WE ASSUME WISE AS A MAJOR IrACTOR, WETHER I T  SC THC 
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P n r s ~ o r o e t c k h  olstwerncg 

A c ~ n o r r a n  W t S f  RCALLY F U L S  IMTQ m l S  CATtGWtY, WE NIRg PLACC 

E M P M M l S  OR W I  V I 8 U A i  AN0 t l lOT IOYAL IMPACT # A I M S  TRAVELLIMB 

AT H l W  SCCICD I U  AN I N C O W S R W S  I K T T I W .  'f$ TAKE TW@ EXTRLWES, 

THERE I S  L l T T t E  PHYSIOC601CAL O lSTURIAULt  WHtM A CAR TRIVULLIIIQ 

75 W H  RUNS P A R A L U L  WITH A IPAILRBAD TRACK COWTAINIWB A TRAIM 

RUNYlN?3 75 W I N  mf SAUE DlRECTlf#N. f0 &M SURE, THE L A T t N T  

OR NOT SO LATENT TEYBLHCY TO RACK I S  THERE 8UT THC R I L A T l  VP 

SPEC0 I S  ZERO; L I T T L E  RLCOQUlTlON I S  QlVEW TO -NO AND A I R  

TURBULEYCt I S  LOFT Bt#IMOm 

BUT L t T  T H I S  $ A H  TRAIN CURVE QII AND EWTLR AH OTHERVISE W l C T  

RLSIOCUTIAL ARtA.  TH RESIDEWTS TWLRC EXPERIOYCf All I N T I R C L Y  

D~FFERIHT SITUATIOM XHAM THE n l e n w A Y  M(IVER. RCACT~O~OI WITHIM 

twa: R e s l o c w r r r r  AREA WILL VUY IROM A CURSORY TIME CHCCK ~e 

OUTRAGE WITH RLDPACOD IYDIOMATIQW AS THC 

f ~ t  P I Y S t Q L O Q 1 C M  DISTURBAWICS ARO FOUR I M  NUMBI?R, gXCLW)It(a 

WOlbL U U I C M  HAS Be€N GIVEN h SEPARATE CATIEOORY. 

A. VISUAL DISTURBWCO AND DISTRACTION. NO HI6H-SP010 VISUAL 

OBdECT CAN MOVE THROWH A C8UE O I  V I S I O N  V4WI8UT RCPCRCUSStBNS. 

Tne CLOr tR  CWC IS, THE MORE VIdCCWT THE RUPERCtJ$S#ONS. TM 

PLOES?~IAN, THE IEORKCII, THE HWSPWlFK, t H 6  DRIVfR OR THOSE 

AT PLAY me ALC AIPECTED AND, MOST, mot ecraplcrnLrv. 
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T W B I N B  AH0 PULLING OW CtOtHIWG, SUlM A M 0  H A I R  THAT IS, 

AT M S T ,  UWCLA&ANT, AWD THE T A I L  LMD VACUM I S  CAPABLE 

O f  PVLLIWO AM AUTQMBBILP OUT OP ITS O l C t A T f O  PATH. TbK 

CMM Off F W T ,  IF Mh HAS GONE THIIOUGH A "CL~SE-I U" R&tATlOM- 

SHIP, S T W S  NLL  BACK AND BRACES SOLIDLY. 

C. V ~ B R A T ~ W ,  T W H  USUALLY ACCOCIPAMIIID 8 Y  -la, I S  H W T I M 6 S  

7- 8C)BTLO TO n H C ~ n  EVEN THOCMH I T  CAN Bg "FCLT." THP 

DULP, INAUOIBLO RUMBLE THAT MIGHT R L S U l T  l R W  A TRAYSlT 

C M ' B  WOVIMLMTS 1 8  L I K E L Y  TO 89 OPtkN Mf8INTCRPRITCO tN 

T H I S  EARTWmkWC*C@lWCIOUS AREA* EVOW I? THg SOUREP mRL 

UWOCRST000, THE OBJLCTIOU T 6  GEWTLS; 01SM RATTLlNO, Ir NOT 

FLOOR SHASIWG, RLMAIWS. 

0. &WTIOWAL AA'IWFR THAN PHYSIOLOQICIL, TQ Be SUM, BUT THE 

NAGGIhl@ CIAR THAT A CHILD OR SOMCOSlE IWCAPAClTATllO WlBHT 

IWAbVERTtMTLY WANWR INTO TROUBCt, NO MATTER W A T  S A f O T I  

PRECAUTIQNS EXIST, WLO BE ALWAYS pae%#f, A~mown mrte 

SAfETY COULD BE BU If T INTO ANY TRANS1 T SYSTEM WAt4 C V E l  

OUR WL IQHBORWOdO STRLETS NQW WPLR, TML SPEED, THS S l  ZL, 

ANO tne Aos;Rssstv rLu wccnrwlcrL wrnmc eF A RAPID TRAMSIT 

SYSTCIS WLO ae A COMSTAMT SWRCE or V ~ R R Y  TO MANY. 
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3. PHysruL ! N T E S ~ F ~ R ~ ~ ~  mr FMTQRS THAT WST BE RECKQMD WITH. 

Ewt r  rnowtn twcsc t n t e f t r t I t t t r e g s  c#r ec r l w t M r r o o  oa so~voo,  mr 

COST I #  SQ OOIWG 1 8  QRIAT WD, AGAIN, A3 WITH WUW, V l t Y A L  

DISTRACTIOM, V I IRATIBN,  A I R  TU628ULKNCC W D  THE WRRV CAUMO BY 

THf  CRLSENCC .I RLAL OR tMAQINCD DANGER, eWPR8WlBgS MUST BT SOUGHT. 

A. TRM~IC 

IN ORDtR 10 ACMlEVL THE MANDATORY SPetDS, NO GRADE C R O b S I f f i 8  

CAY 8L t O t L R l l T t 0 1  THIS =AM8 THAT C lTH6U A GRAD5 aPARATIO1Y 

MUST BL CdWSTRUCTLD g19 THAT THC SYRFACC BTRCCtT SYSTCM lCde 

t#TERIMJPTED WCRLQER A C O W L I C T  EXISTS. G k ~ n  8d;PhUATlONS ARC 

COSTLY AN0 STREET OR S I W Y A L K  INTCRRWTIOMS CAN EMASCULATC 8R 

R E V l T A L I P t  h# AREA OLPCWOI#g dN TML LOCATIQM O r  ?HL IMTERRtlPTIQN. 

TH~C W B T  CARCFUL ATTENTlOW MUST Bt GlVCN TO QEWeRAf AM0 INTLRNAL 

TRACCIC PLQY If LARGE AREA8 ARE NOT TO bE BTAGNATgD BY LAGW OF 

ACCESS A N 0  UQRRSS A N 0  I P  8 O L f O  Y l t l@H8Q)RWOlOR 1WTCBRAL OgVKLW- 

MZf HOT 8L Bt WhWQLLD A N 0  OBPRIVLO OF THEIR 8tROWaTH THAT 

COWCS MAINLY C R W  I Q L W t l l l C A T l O M  AND S C L F a W t f I C l E N C Y .  

8. Utr t ,~r l rs  

THIS UeTAOI,OLtTAN ~ L R E A ' ~  UT I L l T l C S  ARE S W - W R P A C I  (WATER, 648, QtL, 

SEWOR, ST@RM DRAIN), SURFACL ( ~ h l  PIMO) ,  AND B V I R W A D  (OLILCTR I c 1 TI 

~ w o  r e t r ~ x o w  ) , THL CLLWAT~D, DCPRCSS~~O OR S u R r I c e  INSTALCAT ION 

W RAPID TRANSIT LIWS YOULD tlTERFORP, TO SB)ICE DgGRke, #6 MATTER 

WLRP LOCATtD, WITH THE lNCRCDlBLY C W L L X  SLRVICC SYSThMG O f  THE 

CITY. ASHHIIWO SQWP IMT~~~ERPNCE: AS OBLIGATORY, IT IS THE ~ X T C N T  
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THC ABILITY OF A TRANSIT SYSTEM TQ QO aeLm ~ R A D C ,  w suitrree, ma 

O V I R W A O ~ W O U L D  BE A TRt -WOUS ASSET I M  T N l S  REOAWDj 3UST AS THIS 

SAM& r L t X I B l C t T Y  YOYLD @RgATLY A S S I S T  TY6 TUMFIC SOLUTION$. 

APPfARANCE (plr THE CWVLYANCLS PR6SER AND THL S r A T t e N  STRYCTUUO ANO 

COUNTRY 4H8ULD M I Y  I M  1 ZE ANYQMC '3 CONCERN W l  TH THE & X T f  RMAL APPIARAHCP 

ESPfClALlY UNIOtfO AND, THOUGH THOY W I L L  RCQUlRC I H A I I N I T I V C  AIJD 

SCMSIT IVK  HhNOLIHO, THfRf$ I S  YO MAJOR CONC8RN PROM k PLMNI@M STA ID -  

THE MOST UNOBTRUS~VL L ~ C A T I W  FOA A LIMB l a  wrer>eabRwllso naro t f  r t  1 s  

S@ LOCATBD, NO & X t E W A L  PRBBLEWS EXt9.T. THE M A X I W M  V I S U A L  PIIOBClM 

W I L L  E X I S T  t P  THC L I M P  I$ QVgRHPAD. THC SURFACE L IW YOUID PftESPNT 

THE PROBLSM OF XOXT NAQHl T UDL AND THE @PEN CUT 08 COMB 1 UAT IOY  M C T  I O N  

01 CUT AN0 EARTH-P ILL eKW WOULD BeG l W TO APPROACH 7% SUBYAY W I I I W M a  

f #  T H I S  f.eW DENSITY C I T Y  OF OURS, THE OVERHEAD ELEVATLD LIME, 

WETHLR CARS R l O E  ATOP I T  OR M E  SLUNQ BELOW IT ,  RAISE3 A V&RY StCRtOU8 

OESIQN PR90LEM. bjg MUST BE R E A L I S T I C  ABOUT THE S t Z Z  W W E  SU??OW"l'rrcf 

STRUCTURL. IT  IS MOT OQIN6  TO B f  A D E t l t A T L  WEB STRGTEHKD LACE-L IKE 

THROWH THE CORRIDOR. IT I S  B O I W  70 BS A STRUCTURE DeSlOMt lD  TO CUPRY 
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H t G H - S e E D  CARS ACCLLfRATlNO AND DICCCERATlWQ OM WRIZOf fTAL  AN0 V O R T f C M  

CURYLS WITH A W I L T - I #  STRUCTURAL SAPC7Y FACTOR. b t ~ ~  $PALIS ARE BOI1OQ 

TQ 8E B E W I R I D  119 MAMY P U C C b  AND BIECAUSC OWLY THe WIbtllbUn OLlrLFCTION 

CAN 88 T8 fOIA lZ0 ,  BEAM DEPTHS W t L L  f3L OREAT* SIDE SWAY WOOL0 QC 

OA#OCROUS A 8  WELL As W&EASAWT, SO HQRIZWTAL I T A B I L I T Y  UU8T 81: 

INbUltD. NO MATTtR HtW 1)100#IOUS THE JTRUCTUSAL DiZSIGN, ANY OVER- 

HLAD STRUCTWRE WILL VlSUALLY DOMINATE HQST W T M  CITY-SCAPC THAT 

I T  CA33CS THRWUH* 

~ H L  OPEN CUT OR %MI-CUT AN0 OARTH BERM PRESENT SWE ESTHgTtC PROBLEMS 

BUT THLSL ARE L I M I T L O  TO LtbU S C R g l N I W  TLCWNIWCS AND SWBAHJCMIJT 

TRUG~#LWTS. E ~ C A U ~ E  THE L ~ M ~ L  IS =LOW OROUNQ evr LUVCL,  PER 

DOWI#A#+I[: OF  W t  CITY-$CAPE U t L L  MOT OCCUR, GENERALLY, BUT W I L L  

OCCUR TO A L I M I T E D  OtGREh I W  THE SINGLg-FAMILY, S M A L L - I C A L t  CNVtRON- 

WSNTS 

A W R P A C t  LIME WILL OLMAW THAT ESTHETIC C W L I M I R A T I O U  BE Q l V C H  TO I T S  

P R O T E C ~ ~ V C  C E W C I ~  BIIT OTMRYISE, AS A CIWE, ~ L O  e t  unsernwslvc. 

R A N O I W  FRBM A LANODCAPE0 SCREEN TO A VERITABLE CHINES€ WALL. 

ONLY THE SU8WAY CAN t L I M ~ W T O  TME E 8 T H t T t C  COW1OlOgRATI6i9S OF THC 
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IN SUMMAAY, Vt W3.ILVL THESE TQ BE THE FACTORS WAVIff i  QREATEST 

INFLULNCL on THC RAPIO TRAMSIT SYSTEM*S ACCEPTANCE BV THC 

COUMUNITY--fRW AN EJllJRNI_C STANDPOINT: 

NOtSE 

VlstlAL DISTURBAMGO 

A I B TURBUWNCL 

V 1 BRAT I OW 

DANGER 

TRIVFIC INTERFERhNCf 

M&IQHBOIIHOOD DISRUPTION 

U T I L I T Y  IWTLRFERENCE 

LSTHET I CS 
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~ W R C  ARC 3 VERTICAL LOSATIOWS fOR A RAP10 'IRMIIClT LtWE: 

SURPACE (QWN u IQHT-W-WAY ut TM BRAQE SEPARAT t eta) 

OVLRNCM) (~USQEMMO BR SUPPORTLO) 

BELW 6 U U ) E  ( W ~ W Y  OPEN COT) 

FUOW A S t R I C T  P r u r n l m p  3TAWB00tMT It I 8  Y9T T90 8&;8CUIPICAUT UMt 

TYPf 81 CONVCVMlCL. 18 6WOIOYIO W C  RAlL ,  'trO RAILS, W P O R T U 0 ,  

SUIPINO€D, S g L C 3 R 0 P L L U D  WSIIS @I? R ~ ~ h I ~ ~ "  # WW8. Mll IMPbRTAMT 

PR+W AY eXTgff lAL P O t N T  W VleV I S  THC L O C A T I W  OP THL SY8f tM VLRT lCAbLY 

OR HORIIBYTALLI, I.o., ABOVO, BELOW, on O# WRFACL AMO rnwwau 8~ 

B L S l O L  A 6 IVLM L A W  Ult ILIZCA. 

ALTH~VOM EACH LAW WE ARIEA WAS DIPPUR~NT ~ Z ~ ~ A R A ~ Z C ~  L ~ Y C L S  WON WICH 

kW ACCtPTWCE OF A SYSTLM CAN BE IAbslO, T W B L  Ub08 MAY 811 BR4#%Y 

C c A a e t c t r o  IMTO s t x  w-8: 

TYPE f - @c# LANO - P R I I A T K  AM0 PUBLIC. 

SUCH AS WATLR8HEO Of3 CtOOD C B U T R a  ARLAd, PARW8, PQI$CRVPS, 

LANDS, kl'C 

Tvrc 2 - RIGHTS-or-WSY. cAsc;nc#rg. .  ruo r n m s e s t t t A i T l o w  ~ A M O S .  

SUCH AS ~ R ~ S W A Y S ,  RAILROADS, U T I L I T Y  OA3LLMNT8, 8 T R a m S A M 0  

8001LEVARQ8, AI lPORTS AND A I R  AFPReACH ZOWICS, CTC* 

S E W ~ ~ ~ P ~ Y  OR PQTENTlAL R C 8 I M N T l A t j  LQY? M€DIUW AND UlQH 

OtNIl TY AND TRA#SIE#T RES IOENT l  AL ( W ~ L S ,  WBTELS, TRA1 LER 

PARKS, OTCI) 
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TYPE 4 - COWWCRC IAL LAYOSO 

&TAIL, OrFlceS, SKRVICES, C Q W R C I A L  RCCREATION, EATING 

AND DUtN#I))Bl j  WITH S W  CATCG@RlCS FOR EACH l N t 0  HION &NO 

LOW PRODUCTlVITYo 

TYPE 5 - !NSTITUT~~HA& LANDS* 

SUCH AS H O l f l T A L S ,  SCH60LS AND UNIVERSITIES, CHVRCHIS, 

"CLUBS, CEMTLR#ES,  CLINICS, LTCo 

TYPE 6 - I UWSTR IAL LANOSO 

HEAVY AUD L I B H T  INDUSTRY, RESEARCH AN0 DSVELOPMYT, YHOLE- 

SALEMIO VARPHOUSlNOj EACH WITH A W B  CATOGORY OF H lQH AH0 

LOU DSUSITY OF EWPLOYMhNT* 

EACH O r  THcSa S I X  CATCG@RlCS MUST BE COMSlDERED AS PfRlltANKMT OR 

TRANSlT1O)IIAL I N  CHARACTER MJD WHEN APPLYING TRANSIT ACCEPTANCE CRITERIA  

TO THEM, THE M6ST POTENTIAL USE MUST BE THE GUIDE* SOWCTIHQ;~ THC 

TRANSITIONAL CHARACTfR CAN BE DBTQRMIk4ED BY ACTUAL HAPPQWIIICS W l T H f N  AM 

M g A j  OTHCR LOCATIONS HAY BE PRllCCD F8R A CHANGE BY #eIGHBORING CONOlT10013: 

OR A LO--RANG# MASTOR PLAN NOT W T  ILOTLCW~NTKO MAY BE THC OPClOlbW 

PACTBR* I U  ANY CVCUT, M D  ?JO MATTER YHAT THC RPWOdJ, TME TRANS1 T 

C I l T E R l A  MUST AUTICIPATC - # O f  fk9 BEHIND. 

TM VILRTICM. LOCATIOU OF A SYSTIM HAS A STRO)(b BIIAWIMG W T H  rACTORS 

M ~ ~ C T I W  c w w n t f y  ACCEPTAMCP. COMSIOPRIWQ t k c ~  In turn: 
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VISUAL DISTIACT10#,  TWBYLEWCt, VIBRATION, OAIWPR, U T l L l T l E S  lNTER- 

7LRPNCC AH0 hSTHaTICS REMAIN. ~ L R E V C R  W WEWQVLR PEOPLE ARC PLACED 

I N  PROXIMITY TO A SURfACg SYSTLY, PROTLCTIVE AWD BUPfERlnO DEVICES 

ARE MANDATORY. ~ M C  EXTCWT OF THESE DCVlCCS MAY R A W L  CROM SlMQLC 

PROTECTIVE FENCING THROUGH &LABORATE LAWOSCA000 BUrfCRS.  W H ~ N  

CARLFULLY DESIBDILO, T M S ~  DGVICBS CAW PARTIALLY oa m0Li.Y OV~RCOMF: 

ALL 8C THC FACTORS R&IATIWQ TO C O W W l T Y  ACCCPfMQCE BUT THC RIOHTIOF-YAY - 
RhQUIR&D PLUS THE CAPITA&, AND MAIMTENANCE COSTS W THE BUFFERS WILL, I #  

M98T C A l t S ,  WCSET T N l  S A V I W S  I N  L I N E  INSTALLATIQN COSTSm SINCE A 

SURF ACE SYSTEM CAW 8t MAOE ACCEPTABLE, TNS D I C  ISlOW M O M 0  ING I T& U1IH 

CAN BIZ BASED MAINLY OW €CeH6MlCS. 

I# ePCW ARLAS (TYPE 1, P. lo), 7#c DIaTURBMICES RESULTlUG VROW A 

SURFACC 1WSTMLATteW ARE OP A LOW ORDfR AND RgLATlVELV CHEAP TO OVER- 

RIGHTS-OF-UAY CAM BE HSLO TO A MIMiUUM. UTI&, IT I~~ lNTERf€R&MCg I S  

PRACTICALLY NONICXISTCNTm 

AS TWS TRANSIT SYSTEM LLAVSS A13 OPE# LAND AREA U1D EMTLRI  AN ARgA 

UORC OtN8CCY PWULhTtD ,  COWOITIOWS CMANQf URCATLY gVfW If THg ARSA 

II @CQUPfOD Y A l l L V  BY A TOMPORAUY OR TRANSISWT POPULATIW. SUCH 18 

IN THIS  TYPC OP LANO, THC T R W I T  SYSTEM FACES TVD C R l t t G A C  PRODLCMS - 
THE PREW&NCY O? RCWlI&OD CRAW SKPARATIOMS AND THI: V I S U A L  DISTRACTt+U$ 

CAUSCD BY THC HIOH WEED QF rife TRANSIT CQYVEVAMCBS. A SURFACE 

IW~~TALLAT~OU cutnet, r c o u w t c u r r ,  sorug niLtrr TW PROBUEMS. Hmaveit, 



SURFACE SYSTEM 

SUAL 
STRACT l ON 
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,' 
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/' -- - -- 
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\ 
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1 / \ \ 
\ 

, PLANTING OR 
1 

\ SCREENS REOUCCS 
I 1 NOISE  AND t l l # I U r  

I 
n r l ,  ' . I T .  

I lATES VISUAL 

lSOLATlON OF BED 
REDUCES VIBRATION 

DISTRACTION.  
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WHEN A SECTlQN OF LINE I S  CROCD OF THE N t C L S S t W  ten 7 R A I P l C  SCPAIA- 

TIOMS UID 1 8  NOT I N  CLOSt PR@XIWITY TO P tOPLt ,  A SUFtt&Cg SVOTCM 18 

Trig IDEAL. Tit18 w e n T  WELL BE THE CASE w i t #  LINCI ~ J A C C U T  TO ILOBU) 

CONTROL c n ~ w t s ,  WITHIN wlor UTILITY rrrrwrwrs HID ~ t r # s  e .no rR two  

AIRPOUTS. BUT I T  I$ DQU8WUL THAT ?RLCVAY8 - B t C A U W  W T R M C l C  

INTERfERIIWCh AND TQ $@ME UXTKMT, VISUAL OlSTRACTlON - CQULB SWPLOY 

A SURCACR IUSTALLATlOW. 

UTILITY chscws~fs A O  RAILR~AO 1.816~s w t t t  orren O x r r w  rmwn 

QOPUCITlEO AREAS. VI~CWIVIR T H I S  t S  THC CAW, ALL OF TIL M H D I T I O I A L  

FACTORB - HOlSE, V lMlATlON,  TURBULIMCL, CTC* - C 6 W :  I N r 0  PLAY AND 

WILL BE $0 DtCV lCVLT 70 OVCRCOME THAT I T  I d  DOUBTFUl A WU$ACIC L I N C  

W I L L  BE PRACT ICABLf .  

IN C@NWRCIAL LAWS, T a M f t C  tNTtlPrtRICYCL WtLL 8E TW 00WIMMIT PIQ)(KICI) 

AN0 ONt $0 O I I f I C W L T  TO SOLVE A 8  TQ RVLt OUT A SVRPACC LIW. 

A SURPACg LVbTCM I W  I M S T I T M T I W A I ,  P M C 8  ALL OI THC FACT088 

IWWLVCD tW RCSIDCWTIAL LANDS AND I S  TWORCltML WQ)T CCASlBLt It4 fWlS 

LOCAT i W 

IN INDVSTRIAC LAMOS, HMVCR, A s u u r A e e  Ling -D BE A C C ~ P T A B L ~  IN 

M A V Y  tMDUSTRlAL AND WITH SOW LIMtTATIBM8, t I  L t W T  INDUSTRIAL 

2 0 N e 3 ~  IN REMARCH AND DEVELOPHZMT AReA5, MOlM AM0 V I B R A T I W  Mt 
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P C R T I W N T  FACTORS AM0 A SURFACE IN8T&LLATtO# W L D  W0T M P R I C T I C A U C I  

I H  VIEW 91 THE MASSIVE B W F L R I N G  THAT W U L D  BE w Q U I R 0 6 *  

GLISICIALLY ~ l l r t~u~rn ,  '1~16 UIR?AGS LIW, rvem TW&U IT P W O Y ~  GSRTAIW 

IOYMITMLS l l t t A T l D  TO O m ,  A I R  TURWLCWE, V I M A Y l O Y  tSTW8TlC1,  

A M  U T I L I T Y  IWTCIFCREWCL, liYP S V t i  THOWH I T S  V l M I A L  01StR1CTIQN CAM 

er SIWLY SCAEKISO, IS LIW~TCD IN ITS M P L I C A ~ ~ O M  TO QPEW, R~[~ATIVKLV 

UWIYHABITCD M P l d  OR IROUSTRIAL W?gM M E R E  TRA??tC INT1R?ERaNCt$ AID  

N015E ARE NOT MhJW CeiS lDtRAT1ONg.  

AN ELEVATED SYSTEM* A RAPID TRAMSIT L lW CONBTRUCTCD W t T H I Y  AM 

OVLRMEM) PLANE HAS TWO OREAT ADVAt4TAGES: I T  N 1 M l H t Z E S  TRAFFIC fWTCR- 

FERINCL AN0 THC IYTERfORENCO WITH U f t L I T l O S  I S  L f Y I T L D  TO OYgRMCM) 

POYLR M D  T t L C P W  L I M E 8  PLUS, MRHAPS, LIll OCCAISIdWAC C O W L l C T  AT 

TWE FObmOATI0H LLVLL* -VCR, ALL OTMgR ?ACTWZ$ PLRttWliRT TO 

G O W W I  TY ACCCPTANCf ARE AOVERSCLY AFFZCTED MJQ 1# TYE fXTRINE. 

THC ARtA  DAMMED BY W I S E  I S  W g A T L Y  EXPA#DLO W D  WCAU* TN18 #01W 

HAS ITS SOUICK NIGH A B O V ~  QROUIIO, IT IS NEARLY I W P O I I ~ I B C ~  TO WCVLR 

AGA1NST* THE V ISUAL  DlSTRACTlQN CAUWO 67 A W S R I H O  gbLVATgD VPWICLE 

I S  Im#k#de AND WKLSS W IOWLY BXPCNBIVL SCIICitMCWQ D@VICK% CWdlTRWTSD, 

CUllldT 8t CIIUIOUILkQf 0.  AIR TURBWWGL MAR TO AYO E8PIOCIACh.Y 8CClCATN 

THP UUVIIIQ CARS W I L L  @C IMT( IP la*  V ~ I A A T ~ O U  WILL BO A MAdM CAOBLLU, 

AMD, ~STHCTICALLY, WCH A.  MA,^ A C R I ~  I # a T l r u A ? I e a  YIU WBtatY m i u ~ ~ t  

MOST W THC ARtA  I T  P-1 TNROUQH. 



ELEVATED SYSTEM 

NOISE R A D I A T I O N  

.. 
4 AREA DAMAGED BY NOISE 

4 
I S  GREATLY INCREASED 

't. I 

l SUAL 0 l STRACT 
I ' i:-n- 

\ . 
\ 

\ 

I 
NEARLY IMPBS- i J  I 
SlBLE TO BUFFER 

i 

CANNOT BE CAMBU- 
QLAGED. 



V I C T O R  O R U E N  A S S O C I A T E S  

RIBWTS-IYAY ( I N  WOFWLATCD AWN), I N  ALL WCAVY LLW0 S@W! L I W T  

SC#WelYED FOR VtOUIL OISTWDBA#CO AWD f C  TRAIN  WtL08 mRO R A O l C M L Y  

A BUW-GRM)E SYSTPI, A RAPID TRANSIT S Y S T W  WLRATt#QI OM A 8eLBYI 

@ R A M  LEVIL CAM lrOOCT TMReP BASIC 8gCT l W L  

1. AM OPEN CUT WITH YLRTtCkL OR Sft3PfD I M I Y I ,  

2. A EOWBIYATIOLI OF W O N  CUT WITH EAATY BLRN F I t l S  AS SUOULDERI, 

3. A ' s u e w ~ ~  

ULP W O  G O M W N I T I  ACCfPTANCf. THC SUBWAY, THOOCN VERY GOS'lrtY, T 0 7 N l V  

LL IMINATLS' aLL CACTQRS R C L A T I W  TO L lT tRMAL A G C O M M C  W T  U T I L I ' I Y  

INTOAF&REMG~: bWD FW#OATIQ# PRO%&EW WILL I t  C R l t l C i b t .  

TI& QPCN COT QR COH81NATlGIJ CUT AND FtLL M C T I W  &&U USLO I N  ALL 

LAUD ARIAS WMLRE: 

1. ' TMC VERT 1 CAL ' SPR~SAQ OF NO 18h CAN a T ~ L ~ A T ~ P  ( W L R ~  NO 

~ M B Y  N ~ W - A S ~  W~LUIUGIS C X I ~ T ) ,  



OPEN CUT 

// , 
\ 

HORltONTAL SPREAD O f  
/' - -- i SOUbD I S  MUFFLED AND / ,- 

ABSORBED 4-- NO VISUAL DlSTRACTtON 
- , - , - r m ~ ~ ~ ~ ~  .-.-:T 7 -. i ~ t r r i i r ~ r - v - ~  r i ,  , I z . I  I 

MINIMAL VIBRATION 

SUBWAY 

NOISE, VlSUAL DlSTRACTlON AND VIBRATION ELlMlNATOD 
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OR C W W N l t Y  015R6iCTlOW (-RE L I W S  C N  &E PUCE0 OUTSt-% 

Of IYTLGRATED GWPLEXEB (IP URBLISI Oil 9 W U R I A N  ACTIVITY), 

3. urr r r lv  tnttRTtrc~cEs m e  WT IMSW~~UWTABLE.  

THE OPLU CUT UUFPCLS AN@ ABSOUb6 THE HORlZO#TAL SPREAO W SOUI10. 

VIWAL DISTRUTIO~ 18 W I W ~ M I ~ D  TQ b eerm s ~ w w a a a z c t ~ m t .  AIR 

YURBUIENCL lb COMflWO TO TetE CUT I T ) r l l .  VIBRATION, i P  PIfjCtNT A 7  

ALL, I S  MIWIWAL. SIMPLE, I N I W C E W 1 I I ~  PR(PTCCT1VP I1IWIYQ A1)0 SCAIEtWI#B 

BY SEYERklYCh, THEM THE FULL SUBWAY I S  THC QYCY SECTION CAPAILf 

WITHOUT HAW TO m eocmuwrtrj Run IN AN o w n  CUT THROUQH LOY ot#~ilm 

IIRgAB CB#TAtMIWB A PROQOl kL6ONMSNTj RUM GLCVATEB BVER 10Y AROAS QR 

W L I  CRfTICAL U T I L I T Y  CBCATtBtMi AIlO RUN UWDSRCP~YWO It4 HIOW DCMklTY 
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GIBBS & HILL, INC. 

CONSULTLNG ENGINEERS 

DESIGNERS~ CONSTRUCTO~S 

L o s  ANGELES NEW YORK TXMPA 

PENNSYLVANIA STKCION 
NEW YORK 1, N.Y. 

January. 28, 1960 

Daniel, MELM, Johnson, & Mendenhall 
3325 Wilshire Boulevard 
Los Angeles 5, California 

Gentlemen: 

The recommendations, i n  regard t o  the  forms of rapid t r a n s i t  justifying 
fur ther  detailed examination of t h e i r  su i t ab i l i t y  f o r  use i n  Los Angeles, 
resulting from your i n i t i a l  examination, have been discussed with M r .  
Miller and other members of your staff. We are  happy t o  s t a t e  we are  
i n  f u l l  accord with the recommendations: namely, t o  fur ther  examine: 

a. The conventional, two rail system; 
b. A s p l i t - r a i l  type of suspended monorail; 
c. A supported form of monorail, frequently referred t o  

as the saddlebag type. 

Technically any of the above systems can be designed fo r  acceptable 
operation. Excluded are  several systems of technically doubtful desir-  
ab i l i t y .  

The f i n a l  selection obviously involves questions of economic, as well as 
technical f eas ib i l i t y  . Therefore, additional and more extensive e w i n a -  
t ion  than possible during the necessarily curtai led i n i t i a l  phase, is 
required t o  formulate the f i n a l  recarmnendstion f o r  selection. 

In order t o  save time, the  discussions prepared by your staff of the 
following features have been reviewed i n  t h e i r  d ra f t  form. 

a. Electr ic  power applications t o  rapid t r a n s i t  
t r a ins  ; 

b. Automatic t r a i n  operation and signals. 

Again we are  i n  substantial  agreement. Some re la t ive ly  minor questions, 
and points of degree of emphasis have subsequently been discussed with 
members of your s t a f f  and mutual concurrence reached. 
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We are happy to have been of assistance to you, and feel a forward step 
toward realization of rapid transit for Los Angeles has been accomplished. 

Very truly yours, 

GIBBS & RILL, Inc, 

R. L. Kimball 
Consulting Electrical Engineer 
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A.  Introduction 

Railroad signalling systems bave been developed t o  provtde a high degree of 

safety. The function t o  provide visual informtion t o  the  t r a i n  mtqrman, 

enabling him manually t o  operate the t r a i n  safely. Ceeain  automcatia 

features have been added t o  override the manual coptrol and slow o r  stop the  

t r a i n  under certain unsafe condl.tioas . Centralized t r a f f i c  control, operat- 

ing i n  conjunction with the signal system, has been developed which enables 

a central  dispatcher t o  provide the t r a i n  motorman with additional infoma- 

t ion  i n  order t o  expedite t r a f f i c  movements. 

When automatic t r a i n  operation is  considered,, the  f i r s t  requirement is  a 

definit ion of what is t o  be accomplished. The system should automatically 

s t a r t  the t ra in ,  accelerate it to  the proper speed, maintain the proper 

speeds over the various parts  of the run, decelerate and stop the t r a i n  

a t  the desired point. A l l  these things should be accomplished t o  the  

proper degree and a t  the proper time; and should be coordinated safe ly  with 

the ac t iv i t i e s  of other t ra ins .  Auxiliary functions such as door opening 

and closing may also be performed automatically. 

In short, automatic t r a i n  operation is  the  control of the location of a t r a i n  . 

with respect t o  time. I n  the  f i n a l  analysis, a desired o r  ac tua l  schedule 

is simply a statement of the location of a piven t r a i n  a t  various t i m e s o f  

day. Thus the parameters of the problem are location, ident i ty  and time. 



In ~~~thei ta t icz t l  Umgu&@, tihe laciatian of t ra in  %a3' is er functiaa of time, 

where functioa is d q y e  t o  t a r i n  nan, or Lg_=; fa( t ) .  

The w e d  of t ra in  "a" is fir8t derimtiw of L with respect ts ti=, 

or the rate of dukqe of its location with e w c t  to  time. Amle~art iua,  

o r  deceleration, is the filgt derivative of w d  w i t h  *Sped t o  tine o r  

t W  rate of eharqp CYP s p e d  vith respect to ti-, 

In order ta fulfil the reguiresents atated 'aBm for autom%ic tr8,ia 

opleratiC~n, that is, ~ h r t i n g ,  acceleration, speed cuntol ,  deceleration 

and stopping at a part iculax point, a l l  thm! inf 'or~ztion required is a 

tinwuld, or practi.cally calatinugus, indica;tl_on of the locatfo~t  of the 

t r a in  arnd an ;expl"et~aion df thie delaired schedule, m d  m s t r i c t i m s  and 

stopping points. A sys- M d ,  and cauF be designed to control the 

traia accurately and ~1~t0othl$ ia accordance w i t h  the desired performance. 

Such a systesrli is. kmm as ;a closed-loop corrtral system, becaw it tie- 

~ B ~ L I  actulal perf'ormtaWt?, ctanrg~~nei~c the act@ * %be intended perfom- 

we, maluatea t h  error or deviation and takes c o m t i v e  action, 

Such a  system C&L be designed to  handle mny troLfn;s, d e l y  courdin;atRd, 

an8 can be m&kie *tfkll-g&fe,n economic and ~ c t i ~ .  It cre~not,  ~ ~ W E F ,  

u t i l i ~ e ,  to it& own best tzdmutage, the relatively i.w~ccurate locaticva 

data derived f m m  track circuit blocks, such as are usitrd i n  wnxention- 

al railroad signalling ~ystie3lnrs. Any ~ y ~ ~ z u e ~  block location -423 

muld refquire awdliary eguipent  t o  meamtm~  peed and scmle ra t i~m dhu*- 

in& shorter int&lyalrs thruz required t o  trarem a block, 

-2.. 



It would, moreover, require greater pract ical  headway margins, t o  

compensate f o r  the relat ive location i n a c m c y  of the block system. 

Operation by such a system would be inherently leas  f lexible and 

relat ively too intermittent f o r  satisfactory control acbian. 

B. De'siga Cri ter ia  

1. General 

A properly deleigned signalling and l u r t o ~ t a t i ~  t r a i n  operating 

system should provide the safety functions of a conventioaal 

signalling sy~~ixm, including the latterrss "fail-safe" charact- 

er. It ahauld a.lm pruvide automatic operation i n  a manner t o  

f a c i l i t a t e  optinma use of f i x ~ d  f a c i l i t i e s  and ro l l ing  equip- 

ment, together w i t h  irafornea-tion f o r  the motorman's guidnce  i n  

of emergency manual operation. 

The first cost of such a system shWd be as low as possible i n  

view of present drsy capital  a r g e e  md taxes, Its minta~~ancte 

cost should be kept 1% b;y Blinirnizing the anaunt of complex 

eqyipment i m t a l l e d  lalow the wayside, 

The 0y~ta83. &odd o b v i m l y  be "fail-safe,n but shauld be so 

designed 9sd cowtru*d cls t o  ~ n i m i z e  failmes. The uae of 

modern, aolid-&ate devices &mild be required i n  order t o  

-eve fewer failures and t a  facilitate faat, exmy replace- 

meltt. 



2. Specific 

a. Control fo r  Automatic Train ope ratio^ 

The s y s t e m  'should perform the funetio~ls of starting, running 

and ratopping 'a t r a in  by uti l izing the basic principles of 

closed-loop, negative feedback Oontrol. A minim of a p ~  

atus should be used aboard the t ra in  and along the wayside. 

The apparatus aboard the t ra ln  should be portable, insofar 

as possible, i n  ordrer t o  minimize duplication i n  each csr and t o  : 

allow a high degree of bench maintenance i n  the shgrmr. 

In  order to  c~ol.din;cb* t r a f f i c  flow autormnrtiarlly, aad t a  

minlmtze ce;r~b~rm and wynride appwatus, data should be 

gathered frm tbe trains, delivered t o  a central. point w-re 

automrrtic cantrol iaatructiona rPhould be dweloped by high 

sped,  aelf-&eckiag data haadling a d  logic appart~tus, aml 

delivered t o  tke t rains over a f'mility ~ i m i l a r  to, if not 

identical with, the data @&&ring wdfuga. For a: large 

system, m r a l  data centerrs &@t be required, all t o  be 

mpemised from a single coordinating central l o c a t i a ~ ,  

ThPr automatic control ahodd p m i d e  f ~ r  at&rting;, any degree 

of acceleratioa tand speed regulatian axailable f m m  t h  ear 

eguipnent, and braking ~ c : e L e n n t i ~  of rany desired &gre~s 

at tafnable . 



The precislion of the control should be suff icient  t o  op- 

erate t ra ins  on 90 seconds headway, o r  l e ~ s  if desirable. The 

sys- should be able t o  d e t e d n e  safe braking distance6 as a 

function of the speed of the t r a i n  i n  guestion, the speed and 

l o c a t i o ~  of the rear end af the t r a i n  ahead, route mnUtiona 

and any other conditions &sired, such as abaolute minimum head- 

ways d i c t a t ~ d  by othtlr than operating considerations. 

The data gathered from each t r a in  !should include the t r a i n  * s 

identity, a ~ d  the location of each end of the t r a i n  within an 

error of accuracy ncr greater tEjnrn 10 fee ,  The control in- 

s t ruet ians delivered to  the t r a i n  should provide all necessary 

informration t o  cause the on-board signal rznd control apparatus 

&S provided, t o  respond i n  the desired muuzer. The trans- 

nissiana t o  and fraa the t r a i n  should take place often enough t o  

insure smooth, W e  operation. A typical ins ta l la t ion  would I%- 

quire om two-way t ~ m i a e i o n  approxima,tely every thrlre se rids. .e 
A l l  drrtdL 8hauld b2 tmBmitCed by ~l.fr&eckPn@; binary digital 

cedes. Any fa i lu re  of the system f o r  a gilren t r a i n  lahuuld c P L w  

that tnsin la come t o  8 smooth, Controlled deceleration stop. 

The central of f ice  Ugic s y e r t e m  should spa- the trains,  arrange 

siding passes and  meet^, and perform other  safety functions t o  

at l e w t  the same degree tw is posribLe with a conventicwikl sig- 

nalling system. The tr&mmirarjio'ns to each t r a i n  should include, 

-5- 



i n  addition t o  automatic control instructions, data t o  operate 

a cab signal, the l a t t e r  f o r  guidance of a man i n  case manual 

operation becomes newssary. 

Presently developed, modern car equipment should require only minor 

madif icat ion of its control appxaturs ia arder t o  execute the auto- 

matic operation i n ~ t r u c t i o n ~  sucessful ly.  Such a cr i te r ion  is 

entirely feasible . 

b. Ma;nual Twin Operation 

The system should aperate a (3~b 81m t o  pmvide information for  

the m a t o m  t o  override the m t a ~ t & t i c  operatian and operate the 

t r a in  i n  a e  conventional manual mrtnnPlr. Voice communication, 

between the laotuma~n and the dispatcher and other points if just- 

ified, should be pmvided. 

Fail- of the of the train-borne au tamt ic  control, but not 

cab signal, ahould sound an alarm indicating tu the laotoraa th;at 

he should srj~ru2ae xamal control of tErrit t rain.  If he f a i l s  to do 

ao within a tc?rt&n time, the train &hwl.d lcwtomatically stop, 

If the cab signal alone fails, an alarm &ould indicate the fail- 

ure t o  the motornaaa. If both the cs;b signal and the autc?~~~&tirr 

control fail, the t r a i n  should stop auW~&tir?ally. 

c, Central Office Fac i l i t i e s  

The ent i re  sigmXlling ;and automatic operation wstem should be 

-6- 



supervised from a single central office. A l l  data handling and 

logic, o r  decision making, apparatus should be located at  the 

central  office,  except f o r  very large systems where several data 

handling and logic  apparatus subcenters might be required, The 

subcenters, however, would then be under the supervision and con- 

t r o l  of s central  office.  

All data handling and logic apparatus should be high speed, aelf-  

checking, solid-state computer f a c i l i t i e s  provided with adequate 

standby and arranged f o r  "fail-safe " operation, 

A dispatcher's display board should be provided showing the ideq- 

t i t y  and current location of a l l  t ra ins .  Further information 

displays should be provided, as required, such as switch positions, , L 

speed of any selected t r a i n  or trains,  concentrations of pass- 

engers a t  a station, e tc .  Provision;should be made t o  record data, 

as required, on magnetic tape o r  by automatic print-out f o r  

current o r  l a t e r  use. 

Provisions f o r  computer aaalysis of operations should be made t o  

f a c i l i t a t e  the preparation of new schedules or  schedule revisions 

and refinements. The dlspatcher should haye manual override con- 

t r o l  of the central  off ice apparatus and should be able to  add o r  

remove t r a ins  when necessary, and t o  re ly  on the apparatus t o  ad- 

Just  t r a f f f c  automatically t o  accommodate the change. 
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d. Auxiliary Automatic Features 

Additional automatic features should be provided as required. A 

p a r t i a l  list is aa  follows: 

(1) Control and position indication of track switches, im- 

(2) Train spotting i n  stationa. 

(4) Train annuncigtors at s t a t i o m  w i n g  e i t h e r  visual o r  

C, C~nclusionrm 

It if% ent i re ly  feasible  t o  provide a signalling and automtic  train op- 

eration system, using available advanced techniques and components, t h a t  

wi l l  provide f o r  the smooth, flexible,  safe and e f f i c i en t  performance of a 

t ru ly  modern rapid t r a n s i t  iw ta l l a t ion .  

It is believed tha t  fur ther  study w i l l  show tha t  suCh a ayertem would pro- 

vide better performance, and be more economical t o  i n s t a l l  tvld operate, 

than one based on eomreritional rai l road s i r n l i n g  techniques. 


