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I. GEEFSRAL SYSTEM CRITERIk 

IPRELD4flIARY DESIGN cRITERIA 

A. DESIGN CAPACITY 

1 1. System facilities design shall be based on 1980 + 30% passenger 
volumes. 

I 
2. Equinent shall be provided to han&ie the 1980 passenger 

volumes under the initial construction program. 

IB. OPERATING DATA 

1. System design shall be based on train loading of 1,000 

I 

passengers per train operating on second headway. 

2. System shall be designed for maximum train speed of 75 mph. 

1 
3. Schedule dwell tine at stations shall be 20 seconds.1 

C. VEHICLE 

1 1. The system will operate with two basic tmes of cars, end cars 
(A car) containing the automatic control equipuent and middle cars 
(B car). Trains wifl be operated with minimum two-car multiple 

I 
unite (2-A cars) up to any combination of 8 cars for a maximum 
length of 600 feet (nominal). 

2. The tollowing general characteristics of the cars will be used 

I for design purposes: 

I 
. Car Length (nominal) 75'-O" 

. Car Width io'-6" 

a 
Car Height 10 -10 

Floor Height Above Rail 3'..14)' 

1 . Track Gauge 

. No. of Doors (each side) 3 1. Width of Door Opening 

I. Car Weight (empty) 65,000# 

Seating Capacity 80 

I. Scheduled Passenger-loading per car 125 

ITor all stations except the 7th & Flower and Western Avenue stations 
on the Airport Southwest Line. Details concerning dwell times at these 
stations can be obtained by referring to report prepared by Day & 
IZinmerman, Inc. 

I 
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Suspension System &equency (max.) 

Maximum Design Velocity 

Acceleration Rate 

Service Brake Rate 

D. GEOMETRY & CLEARANCE 

Minimum Clearance in Tunnels (mci. curveS): 9" (6" to clearance envelope; 

5" to wall.) 

i'-lo"(l'-E" minimum at 
6'-6" up) 

6'61'@twaTh (mm. 5'6" 
at edge) 

Within 12" vertical & 8" 
horizontal of car floor. 

1.5 cps 

75 mph 

3.0 mphps 

2.6 mphps 

Walkway-Minimum Width: 

Walkway-Minimum Clear Height: 

Walkway Location-Subway & Tunnel: 

Configuration of Aerial Way 
Structure Girders: 

Tunnel Configuration: 

I-' 2 

See Figure 1-1 
See Figure 1-2 
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II. TRANSIT VEHICLE 



III. TRANSfl VEHICLE 

PRELIMINARY DESIGN CRITERIA 

IOUTLINE SPECifICATIONS 

1 
A. GENERAL SCOPE 

This brief criteria and specification is for estimating and planning 

1 purposes. The work to be included in the estimate includes an of the 

parts, accessories, equipment, apparatus, supplies, engineering and 

labor required to deliver, assemble, test and adjust rapid transit 

vehicles at the SCRTD property in Los Angeles, California. The 

Contractor shall deliver, complete, the vehicle as described here- 

Iin and is responsible for all items except the District shall 

furnish the automatic train control equipment for installation 

by the Contractor. 

B. GENERAL 

This criteria and specification describes briefly the salient features 

of the proposed SCRTD rapid transit vehicle having steel wheels for 

operation on two steel rails. The trains will be operated in 

various lengths up to about 600 feet. Trains will be composed 

of 2 A cars and the appropriate number of B cars to complete 

the train of the desired length. The A car units will be longer 

than the B cars. The car lengths being considered for the rapid 

Itransit car for the SCRTD system are: 

BCar ACar 

IBasic Car 75' 80' 

IThese lengths are over the coupler faces for the B Cars. The. 

A cars are measured from coupler face to buffer-sill (bumper) face. 

I 
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I 
The additional extension at the end of the A car will be canti- 

1 levered beyond the nominal truck locations of the B cars so that 

I 

truck spacings tqill remain constant. The extended ends will be 

contoured so that additional clearances will not be required on 

Ucurves. The ends will be shaped and contoured to create a 

modern, swift, efficient appearance. Plastics and corrosion 

Uresistant materials shall be used wherever appropriate in this 

vehicle. 

I 
C. VEHICLE AND SYSTEM DATA 

IThe following information provides requirements and characteris- 

tics of the SCRTD system and vehicle in a brief form. Some of 

the vehicle information is repeated or presented in more detail 

Iin the appropriate section of the specification. (Some informa- 

tion shown is tentative and may not reflect the latest decisions 

Ifor SCRTD. The data is shown to indicate the status at the time 

of writing. 

1. Vehicle System 

(a) Propulsion Electrical Motor 

(b) Power Source 3rd rail pick-up (each 

1 
side of each truck) 

(c) Voltage at 3rd rail 900 v d-c 

U(d) Length of train 2 cars - 160 ft., minimum 
8 cars - 610 ft., maximum 

1 (e) Passenger loads 

I 

Seated passengers 80 passengers per car 

Scheduled passenger load 125 passengers per car 

I 11-2 
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Crush passenger load 

(f) Weight ("B" Cars) 

267 passengers per car 

Empty vehicle - goal 865 lbs. per foot 
(65,000 lbs. for 75' car) 

Weight ("A" Cars) (add ,000 lbs. for A car 
80' long) 

(g) Maximum weight (crush) ("B" Cars): 

(75' car) l400 lbs./ft. (105,000) 

2. Vehicle Performance (2-car trains 

(a) Maximum speeds 

Main line 75 mph 

Yards (hostling) 10 mph 

(b) Scheduled maximum speed 70 mph 

(c) Average schedule speed (total system) 35 mph (approx.) 

(d) Acceleration 

Maximum allowed 3.5 mph ps, instantaneous 

Maximum time with weight of 
maximum scheduled passenger 
load: 

to move 600 feet from stop 18 seconds 
to reach 60 mph from stop 140 seconds 
to reach 75 mph from stop 60 seconds 

(e) Deceleration 

Maximum allowed 3.3 mphps, instantaneous 

Full service 

(75 mph to o) 2.6 mphps 

Normal 2.14 mphps up to 2.6 mphps 

(r) Jerk, maximum 1.5 mphpsps 

(g) Headways, scheduled 90 seconds, minimum 

.1 
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(h) Fully Automatic Train Control 
(Automatic line supervision, speed 
control and train operation, 
including door operation.) 

(i) Each end of each train will have a 
shaped end which will house sane train 
control equipnent and the train attendant. 

3. Car Body 

(a) Minimum design life (not economic life) 25 years 

(b) Fixed sash in windows. Tinted safety glass 

(c) Double-leaf, bi-parting, sliding doors on /Three doors, 

each side of each car, spaced along train 
at 25 feet. (Doors interlocked with train 
control). Clear width of opening 4'-6". 

(d) Body width (maximum outside dimensions) lO'-6" 

(e) Length of car (coupler faces) (B-cars) 75t_OTT 

(A-cars) 8o'-o" 
(f) Car height (top of rail to top of car) lO'-lO" maximum 

(g) Ceiling height (over aisle) minimum 

(h) Floor height (from top of rail) 3'_14)' 

(i) Truck spacing 52' 

(j) Design impact load 3 g. 

(k) Exterior finish - corrosion-free materials 

U. Car Interior 

(a) Two-and-two, transverse seating 
arrangement, generally. 

(b) Seat width, per passenger, approx. 22" 

(c) Seat spacing 3O" to 32" 

(d) Seats per foot of car length, approx. 1.0 seats/foot 

(e) Stanchions and hand holds for Uo% standing 
load. (Load factor 1.5) 

'I-U 
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(r) Floor covering carpet 

(g) No painted surfaces 

(h) Continuous aisle and end doors allowing 
passenger movement between cars in a 
moving train. (Sound and weather 
protection between cars). 

5. Truck Description 

(a) Suspension 

(b) Bearing location 

(c) Level control tolerance 

(d) Vertical movement limits 

up 

air or air-and-coil spring 

inboard or outboard 

plus and minus " 

2" 

down 3" 

(e) Natural frequency of vertical system 1.5 cps, maximum 

(f) Materials and methods steel (fabricated or cast) 
aluminum (fabricated) 

(g) Wheel base 7'-6", maximum 

(h) Wheel tread (undecided) (multi-wear) 

(i) Wheel gauge 1'7 11/16' or greater 

(j) Wheel type resilient or aluminum-centered 

(k) Wheel diameter 28" or 30" 

6. Miscellaneous Equipment 

(a) Battery and charger 

(b) Inverter for lighting 

(c) Fluorescent lights 

11-5 

32 Volt d-c (21-p to 1*o) 

At least O0 H, probably 
3,000 H 

About 35 foot candles at 
reading plane 
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I 
(d) Annunciator system On each car and trainlined 

attendant's console on Ito 

A cars 

Ce) Communications: 

I To train Two-way voice transmitter 
on each A car 

On trains Public address and intercom 

1 
on each car 

(f) Coupler 
Draft gear enerr absorption fully automatic 

I 20,000 ft. lbs. at 
150,000 lbs. max.. 

3" of travel 

Electrical side or bottom, 60 circuits 
(Note: Retractable coupler for mechanical connection 

Ionly, is required at end of trains.) 

I7. Braking Systems 

(a) Dynamic braking range 75 (limited) to 10 mph 

I 
(b) Friction brake capacity full service 

tme disc or tread 

Cc) Blending complete 

I8. Air Comfort System 

(a) Heating, cooling and ventilating modes shall be included. 

I(b) Controls fully automatic 

Cc) Heating by electric resistance heaters 
I(in ducts) 

(d) Cooling by electric motor driven vapor 
cycle 

I (e) Ventilation by electric motor running (L,000 cfxn, 75' car) 

continuously. Minimum rate 55 cflri per foot of car 

I(f) Conditions inside with ambient Winter, 72°F 
below 95°F. Summer, 78°F 

I 

I 

I 
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(g) Steady state temperature under the most 
demanding of the two conditions: 

(97°F outside ambient 
(107°F air at the condenser intake) 

Case 1(1.6 passengers per foot of car ) 85°F, inside car 
(fun sun load 
(ambient air velocity over car of ) 

(30 mph 

(110°F outside temperature ) 

(115°F air at the condenser intake) 
Case II (1.6 passengers per foot of car ) 85 F, inside car 

(no sun load 
(ambient air velocity over car at 
(30 mph 

(h) Humidity controls none 

(i) Fresh air flow, minimum 17 cTh per foot of car 
(10 cTh per passenger, 
normal load) 

(j) Air velocities in car 15 to 65 fpn limits 
25 to 35 fpm optimum 

(k) Air duct velocities 2,500 fpm, maximum 

(1) Air distribution, supply Through under-window supply 
grills with air directed 
over glass. 

(in) Ambient design conditions, outside Winter, 30°F 
Summer, 97 F, U0% 
relative humidity 

(n) Maximum design temperature of air at 
condenser (without reducing critical 
pre s sure s) 

full operation l25gF 
reduced operation l40 F 

(o) Voltage 

II-? 

Main power of 900 v d-c or 
as converted. Battery 32 v 
d-c, also. 
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9. Maintenance Requirements 

(a) Inspection cycle 15,000 miles (goal) 

(b) Overhaul cycle 500,000 miles 

Cc) Exterior washing 3 to 7 days 

(a) Interior 
cleaning daily 
pick-up 1t hours 

(e) Exceptions: 
Inspection: filters, as required 

10. Track and Roadbed Geometric Data 

(a) Horizontal curves 
Mainline 500' 
Yards and terminals 275'R 

(b) Vertical curves 
Maximum rate of change 1.0 per 100' (parabolic) 
Usual rate of change o.it% to 0.8% per 100' 
Maximum grades 3% 

(c) Continuous welded steel rail 

(d) Track gauge (tangent and curve) 14'_B*" (i- 1/8") 

(e) Track spacing (minimum) i14'-o" (centers) 

(t) Unbalance track superelevation 

Maximum 5" 

Optimum 3" 

(g) Superelevation 

Maximum 6" 

Optimum 5" 

(h) Cant of rail 1:140 

(i) At stations: 

Maximum grade 1.0% 

11-8 
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Vertical alignment Tangent 

Horizontal alignment Tangent 

(j) Clearances to vehicles (minthum permissable) 2' 

D. WEI1T AITh NOISE 

IIt is important that this vehicle be as lightweight and as quiet 

Ias possible. The target weight for the empty vehicle shall be 

no more than 865 pounds per foot of car length. Noise reduction 

Itechniques shall be employed wherever possible. 

IE. STRUCTURE 

The car body framing and sheathing shall be constructed of 

Ialuminum or the car body framing and sheathing shall be con- 

structed of stainless steel at the option of the supplier. 

I The car body shall be a welded structure with no exposed 

Ifasteners. The car body shall be designed as a semi-monocoque 

structure. 

F. IMPACT RESISTANCE 

The car body shall be designed to withstand up to 3 G's (G equals 

weight of car, ready-to-run) applied at the buffer sills. Iempty 

G. LIFTING PROVISIONS 

IThe car body shall be designed so that jacking pads may be 

located at each corner of the car to permit lifting an empty car 

Iincluding the truck. Jacking shall also be pads provided under 

the side sills of the car inboard of each truck. 

I 

I 
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H. DOORS 

1 1. Side Doors 

Three door sets shall be provided on each side of the 

75' car. These doors shall be bi-parting, sliding 

type doors which extend into door pockets at each side 

of the opening. Operation shall be by automatic elec- 

Itric operators which will open and close the doors in 

a total of seconds. All door operators will be 

I equipped to pennit manual operation in an emergency. 

IDoor controls will be by remote train line operation 

giving a continuous signal to hold the doors in an 

Iopen position. Door controls will be interlocked so 

that the train cannot operate unless all side doors 

I are closed. Closing force shall be about 25 pouMs, 

maximum, 

2. End Doors 

IEnd doors shall be single leaf sliding doors with 

either power operated or power assisted door movement. 

IThey shall remain closed except when in use. 

II. INTERIOR TRIM AND APPOINTMENTS 

Il. Interior Finish 

The ceiling, sides, and walls shall be covered with a 

Imaterial having an integrally colored facing on the 

exposed side such as gel-coated fiberglass, vinyl or 

Imelamine. The materials shall be preformed to the 

appropriate contours. 

I 11-10 
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2. Hand Holds and Stanchions 

The necessary hand holds and stanchions for the safety 

and cOnvenience of standing passengers shall be exposed, 

unpainted stainless steel or aluminum. Design shall 

provide for a load factor of 1.6. 

3. Wind Screens 

Materials for the wind screens shall be the sane as the 

material used for the walls and ceilings. 

U. Windows and Frames 

Windows shall be held in extruded aluminum frames. The 

glass shall be uniformly tinted to resist heat and light. 

The windows shall provide clear view for standing 

passengers. 

5. Floor Covering 

The floor covering will be selected to provide maximum 

resiliency and comfort to the passengers. The floor 

covering must support the overall decorative scheme of 

the car. The covering shall be a high quality carpet 

and pad. 

6. Seating 

The passenger seats will be fixed individual bucket 

type seats with foam rubber cushions and backs. A hand 

hold or a stanchion will be provided at the aisle of all 

transverse seats. The upholstery material shall be a 

combination of woven wool fabric and vinyl covered fabric. 

11-11 



J. AIR DISTRIBUTION SYSTEM 

The air distribution system shall consist of longitudinal ducts 

running the full length of the car, supplying 55 CFM of air per 

lineal foot of car. Distribution shall supply the air at the 

window sills. Return air shall be through the seat pedestals 

of the seats, between trucks only. 

K. JATING AND COOLING SYSTEM 

A thermostatically controlled heating and cooling system shall 

be used to prepare the air to its proper temperature before 

entering the car. The total supply of air shall be composed 

of 30% fresh air and 70% return air. The cooling equipment 

shall be rated at between 10 and 15 tons, depending on car 

construction details, glass size and type and car length. 

The heating shall be provided by electric duct heaters. 

About 30 kw of heating will be required. 

L. LIGHTING 

1. Interior Lights 

Interior lighting shall be from high frequency 

fluorescent lights. They shall be arranged to give 

good general illumination and provide about 35 foot 

candles of intensity with a mininum of glare. 

Emergency lighting shall be supplied from the battery. 

11-12 
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2. Exterior Lights 

I Two headlights two and taillights shall be provided on 

Ithe contoured ends of the A cars. Warning lights shall 

be provided at all other car ends. 

N. PROPULSION EQUIRNT AED COJ'ITROLS 

1 
Each car shall be provided with a complete set of electrical 

propulsion equipment designed to operate trains of at least 2 

Icars up to 600 feet in length from a 900 v. dc contact rail. 

The propulsion equipment shall be capable of accelerating a 

I two-car train with a passenger loading of 265 pounds per foot 

at a rate not exceeding 3.5 miles per hour per second with a 

jerk limit of 1.5 miles per hour per second to meet the 

Ifollowing conditions: (use predicted train resistance) 

(1) accelerate from 0 to 60 mph in 4O seconds 

1 (2) accelerate from 0 to 75 mph in 6o seconds 

I(3) travel 600 ft. from a stop in 18 seconds 

Q.) provide an average acceleration of 3.0 mphps for 

Iseconds 2 thru 10 from a stop 

Il. Dynamic Braking 

Dynamic braking shall be utilized to assist in 

Idecelerating the train at controfled rates up to 

3.0 miles per hour per second from 75 miles per 

hour to less than 10 miles per hour. 

I 

1 
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N. BRAKING SYSTEM 

IIn addition to the dynamic brake operating through the pro- 

Ipulsion motors and controls under the conditions mentioned in 

the preceding section the braking system shall include a 

Ifriction brake. The friction brake shall furnish the required 

pressure and controls to apply mechanical friction brakes to 

Iblend with the dynamic braking so as to function smoothly and 

automatically with the dynamic brake to provide the specified 

I retardation for service. 

1. Friction Brake 

IThe friction brake shall be fail-safe. It may be 

actuated by air, hydraulics or electricity. A train- 

Ilined, electrically operated parking brake capable of 

each car on a 5% grade shall be provided. Iholding 

0. AUXILIARY ELECTRICAL EQUIPNT 

IA motor alternator unit shall supply AC power for air condition- 

ing and ventilation equipnent and other auxiliary loads as 

1 A 32 volt battery with battery charger shall be appropriate. 

Isupplied. An annunciator system shall be installed on each 

car and trainlined to a console on the end car. 

IP. TRUCKS 

IThe trucks shall be the u-wheel type with pneumatic springs or 

combination pneumatic and coil springs. Either outboard or 

1 
inboard journals nay be used. The suspension system shall be 

I 

I 
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capable of leveling the car floor plus or minus inch under 

all loading conditions, and shall provide load-weighing infor- 

Iination. to the propulsion braking system. The truck shall be 

standard gauge 30" wheels. (Perhaps 28" wheels will be used.) 

1 
1. Materials 

Trucks may be fabricated of steel or aluminum, or 

1 made of cast steel. 

I2. Natural Frequency 

- The truck suspension system shall have a maximum 

Inatural frequency of 1.5 cps in the vertical direction. 

IQ. NOISE LEVEL CRITERIA 

The interior noise level design criteria shall be that the 

1 maximum noise level, at 60 to 70 mph, be NC-65 to NCA-65, and 

that the noise of the air conditioning system and other auxil- 

1 iaries shall be approximately NC-55 to NCA-55 when the vehicle 

is stopped. 

I 

1 

I 
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III. PASSENGER STATIONS 

I 
PRELIMINARY DESIGN CRITERIA 

AND 
OUTLII'iE SPECIFICATIONS 

A. QETERAL 

I1. Stations shall be designed to accommodate 1980 plus 30% passenger 

volumes. Fare collection equipment shall be provided to handle 

1 
1980 volumes with provision to add equipment in the future. 

2. Station platforms, mezzanine, ticket lobby, stairs, escalators 

Iand other passenger services shall be designed to accommodate 

design passenger volumes without undue congestion and with the 

ma.xinum normal delay of any passenger not to exceed 30 seconds 

Ithroughout passage of the station facilities except that station 

minimum size shall be adequate for not less than 900 passengers 

1 alighting in peak 20 minutes. Peak volumes less than 900 nay be 

used for sizing fare collection equipment. 

I 
3. Station platform and ticket lobby shall be laid out to take ad- 

Ivantage, where possible, of directing or channelizing opposing 

traffic to minimize congestion at points of high traffic density. 

I. Entrances shall be fitted with a suitable barricade which shall 

effectively close off station areas during periods when the transit 

I system is not operating. 

' 5. All above ground stations shall be provided with a mihimun 200 

feet long canopy over the platforms. Extent of the shelter should 

1 be such that the platform width is sheltered from the sun and rain 

by a horizontal and/or vertical element and extend to provide 

protection for the train doors. This extension shall be such that 

Iit and the car profile provide a maximum cut-off angle of I45. 

6. All access bridges, ticketing area and vertical circulation shall be 

Iweather protected to allow continuous protection for the passengers. 
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B. VERTICAL CIRCULATION 

1 1. Maximum convenience for patrons shall be achieved through proper 

sizing and layout of the vertical circulation elements. 

I 
Escalators shall be provided in addition to stairs where rise 

Iexceeds approximately 12 feet. Escalators shall also be pro- 

Ivided for down traffic when descent height exceeds 16 feet. 

Minimum width, of escalator shall be 143" Escalator speed shall 

Ibe 90 feet per minute with provision for future increa8e to 120 

feet per minute, except where minimum standards obviously will 

Iprovide over-capacity for the station passenger volume. Due 

regard shall be given to minimum requirements for fire and panic 

safety. 

1 
2. The layout of the vertical circulation elements should encourage 

the use of escalators rather than stairs. 

3. There should be a minimum of 15'-O" unobstructed space as nm-off 

at both ends of the escalator. 

I LI.. Escalators will be heavy-duty reversible type, capable of operat- 

Iing under full load conditions in either direction. 

Speed: 120 feet per minute. 

1 Capacity: 135 persons per minute on a 14'_Q" (nominal) 

width tread. (120 fpm speed) 

1 5. Exterior escalators (entrances at subway stations) that are not 

Iprotected by a shelter will be of weatherpraof deaign, and will be 

designed to allow for thermal expansion and contraction. 
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6. Stairs or escalators, extending to or through public 
sidewalks, 

shall not reduce net remaining width of sidewalk to less than 

5' 0". Provision shall be made to minimize possible surface 

water infiltration into the facility from sidewalks and 
adjacent 

gutters. Splash shield shall be installed where stairs are 

located immediately adjacent to street gutters. 

C. PlATFORM 

1. Platforms shall be 600 feet long. 

2. The minimum distance from the edge of the platform to any 

obstruction shall be U feet. Platform widths shall be 

designed to accommodate passenger design volumes in accordance 

with applicable criteria contained herein. 

3. Columns and other obstructions at the platform level shall be 

minimized to allow efficient circulation and reduce problems 

of passenger surveillance, minimize crime potential, increase 

feeling of safety and passenger comfort. 

. Platforms shall have a 1 Thot wide strip of a non-skid surface 

along each platform edge nearest the track and be of contrasting 

color to the platform area. 

5. Platform levels shall be 3' 1ii' above the top of rail 

6. Minimum unobstructed space in front of stairs, at top and bottom, 

shall be 10' beyond last riser. For stairs more than 6' wide, 

minimum distance shall be increased accordingly. Tread and 

riser relationship should have a component of' thirty degrees (300) 

with a minimum riser of 6-1/2" and a maximum riser of 7". 
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D. MAThTENA1iCE AND SANITATION 

1. One water closet and one lavatory shall be provided in each 

station, except terminal and CBD stations. These facilities 

shall be provided for the station attendant and will normally 

be locked. 

2. Terminal stations shall be provided with separate men's and 

women's restrooms. Men's rooms shall be fitted with 2 lavatories, 

2 water closets andl urinal. Women's rooms will be fitted with 

2 water-closets and 2 lavatories. 

3. CBD stations will have separate men's and women's restrooms of 

2 urinals, 2 water closets, 2 lavatories and 3 water closets 

and 2 lavatories, respectively. 

1-. All facilities will be in the paid area side of turnstiles. 

5. Convenience outlets and water shall be provided within the ticket 

lobby and adjacent areas for cleaning and maintenance. 
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E STATION EQUIPMENT 

1. This section describes the equipment which is used to 

control and facilitate passenger movement through the stations. 

Included are: 

Escalators used for vertical circulation between street 

level and the ticketing concourse 

Fare vendors and money changers in the free area 

Entrance and exit turnstiles 

Ticket readers in the attendant's offices 

Transfer dispensers in the paid area 

Escalators for vertical circulation between the ticketing 

concourse and the loading platform. 

2. The selection and arrangement of station equipment must satisfy 

the following conditions: 

Simplification of the fare coflection operation 

Implementation of the graduated fare structure 

Comprehension by the patrons 

Sufficient flexibility for expansion or equipment conversion 

Adequate surveillance and security 

Practical economy and maximum passenger convenience. 

3. All escalators throughout the system shall - 

Have a nominal width of 1+8" and an actual tread width of 

not less than Li" 

Be capable of operating at speeds of 90 and 120 feet per minute 

111-5 
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Be considered as having an actual capacity of 100 and 135 

Ipersons per minute at the noted speeds 

Be provided in sufficient quantity to clear the platform at any 

1 given station of the average number of passengers expected to 

alight at one time during the peak period. 

1 
. Be provided in quantity not less than that determined above 

to transport the same passenger flow from the ticketing 

$ concourse to the street level or other point of public access. 

Each station platform shall have a minimum of one escalator operat- 

ing in each direction. Those escalators required in excess of the 

Iminimum will operate in the direction of the peak load. 

IThere shall be a key-operated reversing switch and an emergency stop 

button at the top and bottom of all escalators. The direction of 

Itravel and cause of any stoppage of all escalators shall be monitored 

in the station attendant's office. 

1 
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F. FARE COLLECTION 

IEntry and exit to the transit stations will be controlled by. autctatic 

fare collection equipment. The ticketing sequence will be: 

I. Money Changer (if needed). 

Fare Vendor. 

I. Entry Gates. 

I. Exit Gates. 

Commuters carrying tickets will not stop at changers or vendors. 

Fare Vendors 1. 

ILocation - 

The fare vendors within the "free" areas will be placed to serve 

1 
incoming passengers and will not normally be used by those exiting. 

The vendors must be clearly visible on entry to the station but 

Iplaced so as not to impede the direct flow between and entry 

Iticket gates. 

All fare vendors and changers should be built-In flush with wall 

Isurfaces. Provisions should be made for an access corridor 

(3'-o" wide minimum, 14'O" preferred) behind them for money removal 

and maintenance, with a high security door 2'-6" wide niinimuin. 

There must be at least one vendor and one changer in the "free" I. area in the vicinity of each set of entrance gates. 

I. In the layout of all fare vending equipment, space must be pro- 

vided for future expansion. 

Quantities and Dimensions of Fare Vendors - 

1 
. In "free" areas, one vendor must be provided for every 250 people 

boarding during the peak 20 minutes. 

1 
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Rate of operation of fare vendors: Four to six persons per 

1 
minute (average 10 seconds per person). 8'-o" queue space must 

be provided, at fare vendors. 

I. Dimensions of fare vendors: approximately 3'-O" wide x 2'-C' deep 

x 6'-o" high, spaced e'o" on center. 

2. Money Changers 

Quantities and Dimensions of Money Chingers - 

I. One changer to every two fare.vendors. 

Rate of operation of money changers: Four to six persons per 

1 
minute. 8'-o" queue space must be provided at changers. 

Dimensions of money changers: Approximately 3'-O" wide x 2'6" 

1 deep x 6'-o" high, spaced lt'-O" on center. 

I. Money changers should be grouped at the end of a bank of vendors, 

nearest approaching passengers. With two directions of approach, 

Ichangers should be grouped at each end of bank of vendors. 

3. Ticket Gates 

Ticket gates are power operated and are capable of magnetic reading, 

assessing and canceling. All gates are reversible (for exit or entry). 

In a bank of gates, the outermost gates will not normally be reversed. 

1 The right hand gates to the entering flow will be "entry" gates; the 

Iright hand gates to the exiting flow will be the "exit" gates. The 

remaining center gates will be reversed to suit the major directional 

Iflows. All gates will be designed for right hand operation in either 

direction. 

I 
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Quantities and Dimensions of Ticket Gates - 

1 
. The ticket lgatest? consist of a path between two flanking machine 

units containing ticket processing units. The path is blocked 

Iby swing doors or turnstiles opened by the insertion of a valid 

I 
ticket. 

The dimensions of the machine units are approximately 1I'-O" long 

Ix 3'-6" high x approximately l'-O" wide, and 3'-O" on center 

(leaving a path approximately 2'.O" wide). 

I. The number of gates to be installed initially per station is 

based upon one gate per 300 persons in the peak 20 minutes in 1980. 

I Space for additional gates must be provided in the barriers 

1 
adjacent to the ticket gates. 

Gates will operate at the rate of 30 persons per minute. Queue 

Ispace on either side of the gates (in "paid" and "free" areas) 

is based on the possible failure of one or more gates during the 

Ipeak hour (in normal) usage, no queuing is theoretically necessary. 

IProvide queue space of 20'-O" each side of gates. 

In addition to the required queue space, a lO'-O" additional 

1 surge space should be provided between the ends of escalators 

that can feed toward a queue and the start of any queue space. 

1 In less than three be in . no case should gates provided any single 

gate location. 

Emergency Exit Gates 

Ticket gates do not provide satisfactory means of escape in emergency. 

IIn every barrier adjacent to the ticket gates sufficient emergency 

exit way must be provided. This passage should be closed by hinged 

1 
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gates equipped with panic release hardware and audible alarms, to 

Idiscourage misuse. 

1 
5. Service Gate 

a. To every "paid" area there must be a Z4'" wide double-doored 

Iservice gate in the barrier. This may be used by the handicapped, 

I 

maintenance and service staff, emergency crews (police, fire, etc.). 

b. The service gate will be controlled by the station agent, and should 

Ibe immediately adjacent to the booth. The service gate may provide 

part of the required emergency egress width, but in that case must 

1 be equipped with panic hardware and an alarm. 

1 
6. Transfer Equipment 

Quantities and Dimensions of Transfer Equipment - 

I. Transferring frcau train to train will require no ticketing 

procedure, 

Provide one transfer dispenser for every 1100 passengers during 

the peak 20 minutes for bus transfer. 

Dimensions of transfer dispenser are approximately 2'-6" wide x 

I2'-6" deep x 3L6" high, spaced 3'-O" on center. 

1. Rate of operation of dispenser: Ito persons per minute 

(1.5 seconds per person). 

A minimum of 8'-o" queue space should be provided. 

7. Station Agents Booth 

a. All fare vendors, money changers, and ticket gates should be 

Iin immediate view and in reasonable proximity to the station 

1 III- 10 
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I 
agent's booth for direct supervision, or they must be indirectly 

1 supervised by closed circuit T.V. 

I 

b. The station. agent's booth should be located in line with the gates 

and either centrally located with respect to the gates or to the 

right of the entry gates as patron circulation dictates. 
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ARCHITECTURAL 1W. 

PBELH4INARY DESIGN CRITERIA 
AND 

OUTLINE SPECIFICATIONS 

A. GENERAL 

Finish surfaces are to be hard, dense, non-porous, acid and alkali resistant 

for long li-fe and low maintenance. Interior colors are to be predominantly 

light in tone to aid in maintaining high illumination levels. Texture 

of materials should be smooth, or with minor surface variation but not 

1 so deep as to create difficult cleaning situations or to be easily 

I 

damaged. The unit size of materials should be large enough to minimize 

the number of joints and. small enough to make the units easy to replace. 

Joints are to be small, flush, limited in number, and of material that 

will not produce unsanitary cracking. Costs should be consistent with 

the useful life, overall aesthetic and functional qualities. 

B. STANDARDS 

' Materials are to be selected so that quality and maintenance requirements 

will be consistent throughout the system and to satisfy the following 

standards: 

1. Safety - 

Fire resistance and smoke generation. To reduce hazard from fire by 

using materials with minimum burning rate and smoke generation con- 

sistent with code requirements. 

Non-slip. To increase pedestrian safety by using floor materials 

with non-slip qualities. 

1 
2. Durability - 

ITo prov-ide for long and economical service by using materials with wear 

strength and weathering qualities consistent with their initial cost. 

IV-1 
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3. Ease of Maintenance - 

Cleaning. To reduce cleaning cost by using materials which do not 

I 

soil or stain easily, which have surfaces that are easy to clean and 

on which minor soiling is not apparent. 

1. Repair or replacement. To reduce maintenance cost by using materials 

w'uiich if damaged are easily repaired or replaced without undue inter- 

1 
ference with the operatiot of the system. 

IIi. Aesthetic Qualities - 

To create a feeling of good quality and attractiveness. 

5. Performance Standards - 

IStandards will be established in the various categories and materials will 

be tested prior to approval. 

1 Methods of testing and reporting data will be standardized for the purpose 

of comparing the relative merits of material produced by different manu- 

I facturers and relating their performance to the established standard. 

C. FIICSH MATERIALS 

IMaterials Selection - 

The following Drawing 1105. A-58 and A-2t3 lists material for stations. 

Drawing No. A-58 is related to station drawing numbers A-1 through A-52 and 

Drawing No. A-2U3 is related to station drawings A-20l through A-21O. Ma- 

terials are selected to meet the standards indicated. 

I 
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IV. CIVIL 

PRELDIINARY DESIGN CRITERIA 

IA. HOR]20J1TAL ALIGNMENT 

1. Circular Curves shall be defined by the arc definition 

Iand specified by radii in feet. 

- Minimum mainline radius shall be 500 feet. 

1 - Minimum yard radius shall be 275 feet. 

Reverse curves shall be provided with spiral I- transition curves meeting at the point of reversal. 
I- Curves for parallel mainline tracks shall be placed 

on concentric curves. 

I- Curves shall be designed to sustain maximum yelocity 

of trains where allowed by topography by the fol- 

I lowing formula within limits of superelevation set 

forth below: 

I 2 R= Radius in ft. 
R = 3.782 V V= Max. Velocity in mph 

I 
E + 5 E= Actual super-elevation in inches 

2. Spiral Transition Curves shall be provided for all tran- 

Isitions from tangent to circular curves for easements in 

horizontal transition of vehicles, and superelevation 

of outer rail. 

Minimum spiral length shall be 75 feet. I- - Spiral length shall be provided by the following 
Ls= Length of spiral in ft 

formula: C = Constant equal to 1.00 

I V = Max. Velocity in mph 
Ls = CV E E = Actual super-elevation in inches 

I3. Superelevation shall be provided as required to main- 

tam equilibrium and sustain velocity of vehicles on 

I Ourves. Superelevation shall be constant through cir- 

Icular curves, transitioned linearly along length of 

I 
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spiral curves determined above and accomplished by raising 

the outer rail. Superelevation shall be limited to 5" for 

I track in tunnels, 6" on structures, and, 5" for the effect of 

Iallowable unbalancing for a low center-of-gravity transit 

vehicle. The amount of superelevation shall be determined by 

the following formula for established radius of curvature: 
E = Actual super-elevation in inches 
V Maximum Velocity in mph 

I 
E = 3.782 V2-U U = Unbalanced super-elevation in inches 

R R = Radius in ft. 
B. VERTICAL ALIGINT 

1. Profile Gradients 

ITrack profiles shall be identified as top of rail, and 

the low rail used as reference on superelevated curves. 

All grades shall be joined by vertical curves at crests 

and sags. 

- Minimum grade for drainage shall be 0.3%. 

- Maximum gradient for sustained mainline grades 
Ishall be 3%. 

- Maximum gradient for short ramps shall be 14%. 

I2. Vertical Curves 

The following data has been checked to provide vertical 

Itransitions at summits with lifting accelerations at 

less than 0.05 G (gravity) for comfort to passengers. 

I The value of 0.05 G is as recommended by American and 

IJapanese railway tests. 

- Minimum length shall be 300 feet. 

I- Additional length shall be provided at rate of 

100 feet per 1% algebraic difference in gradient 

Ichanges, in excess of 3%. 

F 
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C. ACCESS CONTROL 

The rapid transit right-of-way shall be protected in such a 

manner as to prevent unauthorized persons or vehicles from 

gaining access to the tracks, except at stations where con- 

trolled access is provided to parking areas and station 

platfonn. 

II- 

1. Track Anchorage 

- The track fastening for running rails shall be 

a compression rail clip device. 

- In subways the track shall be fastened directly 

to the invert of the structure. On aerial 

structures the track shall be fastened directly 

to the deck of the structure. 

- Mainline track at grade shall be a ballasted 

section with prestressed concrete crossties. 

- Track at grade in yard areas shall be a ballasted 

section with wood crossties. 

2. Gage 

Track gage shall be -8*". 

3. Turnouts shall be the following sizes: 

- Junctions of mainline routes - No. 10. 

- Mainline crossovers and turnbacks - No. 8. 

- Yards - No. 6 minimum. 
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E. CLEARAliCES 

1. Horizontal Clearances 

Minimum horizontal clearances measured from centerline 

of track on tangent aliment shall be as follows: 

- Centerline of adjacent track lL1'.O". 

- Fixed structure in open - 

2. Vertical Clearances 

Minimum vertical clearances, measured from the top of 

low rail: 

Fixed structure in open - 13'-6". 

F. DRAINAGE 

1. Open Sections of Rapid Transit 

- Volume of water shall be calculated for 50 year 

frequency by means of formula: 
Q = Volume of water in c.f.s. 

Q=AC1 A=Areainacres 
C Constant 
I = Intensity of rainfall in inches 

per hour 

2. Subway Sections of Rapid Transit 

- Pumping stations in subway to be selected for a 

maximum volume of water of 1000 gp.m. 

- Each pumping station shall have 2 pumps. Each 

pump shall have a minimum capacity of 1000 g.p.m. 

v-b 
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IV. CIVIL 

OUTIThE SPECIFICATIONS 

A. TRACK WORK 

Ii. Rails 

a. Running Rails 

The standard section to be used for running rails shafl 

I 

conform to the requirements of A.R.E.A. designated R.E. 

section weighing 100 lbs. per yard. 

IRail sections for curves with a radius of 1930 feet or 

greater shall be control cooled. Rail sections for curves 

I with a radius between 950 feet and 1930 feet shall be stir- 

Iface heat treated. Rail sections for curves with a radius 

of 950 feet or less shall be fully heat treated. 

b. Restraining Rails - 

IThe standard section to be used for restraining rails shall 

conform to the requirements of A.R.A. -A designated section 

Iweighing 90 lbs. per yard. 

c. Guard Rails 

The standard section to be used for guard rails shall con- 

Iform to the requirements of A.R.A.-A designated section 

I 
weighing 90 lbs. per yard. 

2. Rail Joints 

,I 

a. Continuous Welded Joints 

The running rail shall be provided with continuous welded 

joints. The joints shall be butt-welded by the use of 

I 
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I 

I 

original rail metal to present an unbroken section of 

rail. 

Ib. Bolted Joints 

I 
The restraining and guard rails shall be provided with 

bolted joints. The joint bar shafl be the flanged or 

head-contact type conforming to requirements of the 

A.R.E.A. Track bolts and nuts shall be provided as 

shown on the plans. 

3. Ties 

I a. Concrete Ties 

IPrestressed concrete tie dimensions shall be in ac- 

cordance with details shown in the plans and spaced 

1 30 inches center to center. Every fourth tie shall 

be a third rail tie. 

I 
b. Timber Ties 

Timber ties shall be used in yards and other areas 

designated on the plans. Timber tie dimensions 

I shall be in accordance with details shown on the 

Iplans and spaced 2 inches center to center. 

Every Uth tie shall be a third rail tie. 

. Ballast 

IBallast shall be composed of prepared stone, slag or 

gravel in accordance with A.R.E.A. specifications. 

I 

I 

I 



5. Misceflaneous Track Special Ties 

a. Cross-over and Turnouts 

Switch rails for cross-over and turnouts shall consist 

of the same rail sections as the parent track. Frog 

numbers for cross-overs and turnouts shall conform to 

details shown on the plans. 

b. Compression Rail Clip 

The compression rail clips shall be composed of high- 

carbon, heat treated spring steel. 

c. Tie Plate 

Steel tie plates shall be the double shoulder type 

conforming to dbnensions shown on the plans. The tie 

plate shall be tapered in thickness, from the outer to 

the inner edge of the rail seat, on a slope of 1 in ttO. 

The rail seat and the bottom of the tie shafl be flat. 

d. Tie Pads 

Tie pads shall withstand extremes of temperature, 

moisture,'mildew and sand, and it shall be resilient 

without permanent set. 

e. Car Stops 

Car stops shall be composed of semi-rigid shoes of steel 

or mafleable iron fastened directly opposite each other 

to the rails, in pairs. 
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B. DRAIN&GE PACILITS 

1. Pumps 

IPumps for drainage of tunnel and open cut sections shall be 

non-clog heavy duty vertical sump pumps. Two identical 

Ipumps shall be mounted over the storage chambers as shown 

on the plans. These pumps shall be equipped with an auto- 

Imatic control system including float switches with an 

alternator and local and remote alarms. 

The alternator shall start first one pump and on the next 

operation the other and automatically cut in the second 

pump for parallel operation and double capacity when the 

Iload requires dual operation. 

I 

2. Piping 

a. Cast Iron Pipe 

ICast iron pipe shall be the size, type and pressure class 

specified on the plans and shall conform to applicable 

Ispecifications of the American Water Works Association. 

Ib. Concrete Pipe 

Concrete pipe shall be extra strength, manufactured in 

Iaccordance with requirements of the American Society for 

Testing and Materials. Concrete pipe shall be furnished 

Iin sizes specified on the plans. 

I 

I 
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I 
c. Reinforced Concrete Pipe 

1 Reinforced concrete pipe shall be the size, type and 

Istrength specified on the plans and shall be manufactured 

in accordance with requirements of the American Society 

I. for Testing and Materials. 

d. Clay Pipe 

Clay pipe shall be extra strength, manufactured in ac- 

1 
cordance with requirements of the American Society for 

I 

Testing and Materials and shall be furnished in sizes 

specified on the plans. 

e. Subsurface Drains 

I 
Subsurface drains shall be the size specified on the plans 

and shall be either clay drain tile, concrete drain tile, 

Iperforated asbestos-cement pipe, perforated clay pipe or 

perforated metal pipe, all manufactured in accordance 

Iwith the American Society for Testing and Materials. 

1 
3. Concrete Structures 

Concrete for catch basins, manholes, lift station storage 

Ichambers and similar concrete structures shall, unless other- 

I 
wise specified or indicated on the plans, develop a 28-day 

strength of at least 3,000 lbs. per square inch in compression. 

1 
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I 
Steel reinforcement bars and welded wire fabric for concrete 

Istructures shall be furnished in accordance with Section VI 

of the Structural Outline Specifications. 

D. RIGHT OF WAY AlE TRAFFIC CONTROL FACILITThS 

1 1. Fencing 

IMaterials, dimensions and components of fencing are as indi- 

cated on the plans. The fence shall be composed of chain 

link fabric, posts and braces with three strands of barbed 

wire carried on extension arms above the fabric. The base 

I for the for fence material manufacture of steel pipe used 

Icomponents shall conform to specifications of the American 

Society for Testing and Materials. All fence components 

1 
including barbed wire shall be galvanized, unless otherwise 

specified. 

2. Concrete Block Walls 

IConcrete block for walls shall conform to specifications of 

the American Society for Testing and Materials. Concrete 

Iblock walls shall be laid true, level and plumb in accordance 

with the plans. 

I 
3. Raised Bumper Blocks 

Raised bumper blocks shall be constructed of concrete and 

Iconform to dimensions shown on the drawings. Raised bumper 

blocks shall be set on the finished pavement with an approved 

1 
adhesive. 

I 

I 
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I 

I 
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I 

I 

[1 

1 

1 

I 
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it. Bus Actuated Traffic Signals 

Bus actuated traffic signals shall be traffic control signals 

which are supervised by electronic or electro-mechanical con- 

trol devices in accordance with varying demands of bus traffic. 

5. Barrier Beam 

Barrier Beams shall be semi-flexible type traffic barriers 

consisting of rail elements, terminals, bolts, nuts and other 

fittings and shall conform to specifications of the American 

Association of State Highway Officials. AU metal components 

of the barrier beam shall be galvanized unless otherwise noted. 

Posts and blocks shall be construction grade Douglas fir, and 

be pressure treated with an approved wood preservative. 

E. STATION SITE DEVELO1T 

1. Crushed Aggregate Base 

Crushed aggregate base shall consist of any one or a mixture 

of broken stone or crushed gravel, natural material having 

the same qualities of angularity and roughness as broken 

stone, and natural rough surfaced gravel. It shall be free 

from vegetable matter and other deleterious substances, and 

shall be of such nature that it can be compacted readily under 

watering and rolling to form a firm stable base. 
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2. Pavements 

a. Concrete 

Concrete pavements including sidewalks, curbs and gutters 

shall develop a 28-day strength of at least 2,500 lbs. per 

square inch in compression, unless otherwise noted on the 

plans. 

b. Asphaltic Concrete 

Asphaltic concrete pavement shall be a mixture of mineral 

aggregate and paving or liquid asphalt mixed at a central 

mixing plant and conforming to the Standard Specifications, 

California Division of Highways. 
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VI. STRUCTURAL 

PRELThENARY DESIGN CRITERIA 

A. GENERAL 

IThese criteria shall govern the design of an structures constructed 

as part of the rapid transit system for the Los Angeles area, 

ISouthern California Rapid Transit District. 

IB. DESIGN CODES, MAThJALS, MID SPECTh'ICATIONS 

Unless otherwise specified herein, the structural design shafl be 

Igoverned by the latest editions of the following codes, manuals, or 

Ispecifications: 

1. General 

1 
The Uniform Building Code of the International Conference of 

Building Officials. 

1 2. Concrete 

I 
For concrete, reinforced concrete, or prestressed concrete 

structures, other than those subjected to railroad of highway 

loading, the current edition of the "ACI Standard Building 

Code Requirements for Reinforced Concrete", (ACI 318), 

Ihereinafter referred to as the ACI Code. 

I 
3. Structural Steel 

For structural steel structures, other than those subjected 

Ito railroad or highway loading, the current edition of the 

"Specification for the Design, Fabrication and Erection of 

IStructural Steel for Buildings" of the American Institute of 

Steel Construction, hereinafter referred to as the AISC Code. 

1 

I 
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1 1t. Timber 

I 
For timber structures, other than those subjected to railroad 

"National or highway loading, the current edition of the Design 

$ 
Specification for Stress-Grade Lumber and its Fastenings." 

5. Cast Iron 

IFor cast iron structures, the current edition of "The Gray 

Iron Castings Handbook" of the Gray Iron Founders' Society. 

6. Railroad Loading 

IFor structures subjected to railroad loading, the current 

edition of the "Manual of Recommended Practice of the American 

1 Railway Engineering Association", hereinafter referred to as 

AREA Manual. 

7. Highway Loading 

IFor structures subjected to highway loading, the current 

edition of the "Standard Specifications for Highway Bridges" 

Iof the American Association of State Highway Officials, 

hereinafter referred to as the AASHO Specification. 

IC. lOADS MU) FORCES 

IThe rapid transit structures shafl be proportioned for the following 

loads and forces when they exist: 

IDead Load (DL) 

Live Load (IL) 

1 Impact (I) 

Centrifugal Force (CF) 

Seiiic (s) 

Normal Acceleration or Deceleration (An) 

I 

I 
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SMaximum Acceleration (Am) 

Horizontal Earth Pressure (E) 

IBuoyancy (B) 

IWind Làad (w) 

Shrinkage Force (s) 

ISnow (SN) 

Thermal Force (T) 

1 Stream Flow (SF) 

Differential Settlement (DS) 

1. Dead Load (DL) 

1 
a. Structures Constructed by Cut and Cover Methods 

The dead load for structures constructed by cut and cover 

Imethods shall consist of the weight of the basic structure, 

the weight of secondary elements permanently supported by 

I the structure, and the weight of the earth cover supported 

by the top of the structure and acting as a simple gravity 

load. Minimum compaction of backfill over stations shall be 

1 93% of the optimum density obtainable by the American Society 

for Testing Materials (A.S.T.M.) D 1157-thT. The dead load 

I shall be in to applied stages realistically represent the 

Ilife history of the design structure. For example, removal 

of the earth cover from a prestressed concrete span at some 

future date may create a serious upward deflection problem 

and should be analyzed as a separate loading case. 

I 

1 

I 

I 
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IThe design unit weight of earth, both above and below the 

Igroundwater table, shall not be less than 125 pcf. In 

making calculations with regard to dead weight resisting 

$ 
flotation of the structure, the actual unit weight of 

backfill placed over the structure shall be used. In 

Ithose cases where full hydrostatic pressure below the 

I 
groundwater table is used as a design load, a submerged 

design unit weight of not less than 63 pcf shall be used 

for earth below the groundwater table. lb. Earth and Mixed Face Tunneled Structures 

The long term dead load for earth and mixed face tunneled 

Istructures shall be the same as for cut and cover struc- 

tures. For construction and short term loading cases, 

Irefer to the Soils Consultant's report covering the 

particular location under consideration. 

Ic. Rock Tunneled Structures 

For construction and long tern loading cases, refer to the 

ISoil Consultant's report covering the particular location 

under consideration. 

d. Minimum Earth Cover for Design 

I8'-o" shall be used as the minimum depth of earth cover for 

design of cut and cover box sections in order to clear 

Iexisting utilities. The depth of cover shall be measured 

from ground surface or surface of street paving to top of 

structure. Except as otherwLse instructed, structures 

I 
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I 

I 

I 

constructed under private properties shall also 

conform to the above criteria. 

Loads fran Adjacent Building Foundations or Other 

Consideration shall be given to the maximum and 

Iminimum loads which can be transferred to the design 

structure fran adjacent structures. Design weights 

and, design loads shall be assumed as those for which 

the adjacent structure was designed but, in the ab- 

sence of this information, shall be as provided for 

Pby the actual weights and the heaviest occupancy for 

which the building is suitable. Horizontal and 

vertical distribution of loads fran foundations of 

Iexisting buildings shafl be in accordance with the 

recommendations of the Soils Consultant. 

f. Aboveground Structures 

IThe dead load for aboveground structures shall consist 

of the weight of the basic structure and the weight of 

secondary elements permanently supported by the 

structure. 

g. Miscellaneous Loads 

Consideration shall be given to any system or facility 

which will apply a permanent load or force to the 

I design structure. 

1 
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1 h. Design Weights of Materials 

IThe design weights of materials shall be as listed 

in Table VI.l, "Weights of Building Materials". 

I 
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TABLE VI.l 

a 
WEIGHTS OF BUILDING MATIALS 

Aluminum afloys 
Asphalt mastic, bituminous macadam 

I 
Ballast, crushed stone 
Ceilings, plaster board, unplastered 

rpsum ceiling tile, 2", unplastered 

I 
pressed steel 

Ceramic glazed structural facing tile. 14" 

Floors, rpsum floor slab, per inch 
asphalt mastic 
ceramic tile, on 1" mortar bed 
terrazzo, 1" on mortar bed 
marble, 1" on " mortar bed 
linoleum, 

I maple, 7/8' on sheathing, 2" cinder fill, 
no ceiling 

oak, 7/8" on sheathing, wood joists at 16" 
centers, no ceiling 

Glass 
Gravel, sand 

I 
Iron, cast 
Partitions, plaster, 2", channel stud, metal lath 

I 

[TI] 
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I 

I 

I 

1 

1 

1 

plaster, 14", channel stud, metal lath 
hollow plaster, 14" metal lath 
rpsum block, solid, 3" ) -- both sides 
rpsum block, hollow, 5" ) plastered 

marble inscoating, 1" 
steel partitions 
ceramic glazed structural tile, 14" 

Roofs, roofing felt, 3 ply, and gravel 

5 ply 
sheathing, 3/k" thick 

Steel 
Timber, untreated 

treated 
Walls, brick solid, per inch 

terra cotta tile 14" 

8" ) 

12" 

glass, structural, per 
windows, frame, glass, 
stone, 14" 

steel sheet, l4 gage 

-- plastering - add 

5 psf per side 

inch 
sash 

VL 7 

175 pcI 
150 
120 

3 psI 
9 
2 

33 
5 

5 
23 

18 
20" 
2 

11 
160 pcf 
120 

20 psf 
32 

22 

19 
22 
15 

14 

33 
5-- psI 
61" 

14o pcI 
148 

6o" 
10 psI 
25 

33 
145 

15 
8 

55 

3 
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' 2. Live Load (LL) 

Live load shall consist of any non-permanent gravity load 

Iplaced on the structure. 

a. Rapid Transit loading 

I See Figure VI. 1 for car dimensions and weights. Any 

Icombination of train lengths and loadings which produces 

the critical design loading shall be used for structural 

Idesign. Track gage is !t'_8*". Maximum vehicle suspension 

system frequency shall be 1.5 cycles per second. 

1 
b. Roadway loading 

1 Roadway live loads on underground rapid transit structures 

shall be based on the HS 2O-++ loading according to the 

I AASHO Specification. Superimposed wheel loads from this 

1 
loading shall be distributed in accordance with the AASHO 

Specifications to a maximum depth of four feet. At depths 

Ibetween 0 feet and 5 feet, a uniform live load of 600 psf 

shall be used. At depths between 5 feet and 20 feet a 

Iuniform 60o live load of psf minus 4O psf per foot of cover 

Iin excess of 5 feet shall be used. Below a depth of 20 feet, 

no uniform live load is required. The depth used in LL cal- 

Iculations shall be measured to the top of the underground 

structure's roof slab. 

1 
c. Pedestrian Areas 

IStation platforms, stairways, pedestrian ramps, mezzanines, 

and other pedestrian areas shall be designed for a uniform 

load of 100 psf. 

I 

I 



I 
Id. Storage Space and Machinery Rooms 

Electrical equipnent rooms, pump rooms, service rooms, 

Istorage space and machinery rooms shall be designed for 

I 

a uniform load of 250 psf, to be increased if storage 

or machinery loads dictate. 

Ie. Escalators and Passenger Conveyors 

Structures supporting escalators or passenger conveyors 

shall be designed for the maximum reactions from any of 

the manufactured units. 

if. Railings A horizontal force of 150 plf and a vertical force of 

1 
100 plf shall both be applied at the top of railings. 

Ig. Gratings 

Ventilation shaft gratings in street or in sidewaflc shall 

1 
be designed to carry 115 20.-k+ loading in accordance with 

the AASHO Specifications. Gratings protected from vehic- 

Iular traffic shall be designed for a uniform load of 250 psf. 

1 h. Curbs 

1. A horizontal force of 500 plf shall be applied at the top 

of curbs both on temporary decking structures and permanent 

Istructures. 

Ii. Safety Walks 

Safety Walks in underground structures except in stations, 

1 
shall be designed for a uniform load of 85 psf of walkway area. 

1 
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6OOIOh1 MAXIMUM TRAIN LENGTH (B CARS) 

1 DESICiT LOADS- VEHICLE U5,000 LL. 

: PASSENCERS @ 150 liT:. -40,000 L3. 
TOTAL RAPE TRAI:sr2 wADIrr' (LL)-- 105,000 LI 

2. AxLE LOAD (ircio n4pAcT) 26,250 Iii. 

3. VERTICAL fl4Pki1----- - 25% of Moving Weight 
Cars & Passengers) 

7-JJRLC-.N'2.AL IMPACF.. 104, of Moving Wei-hU (Cat'..: & Pasen:ers) 
A:iC.ied 3 rail 

:4, CE!12RTh'UAL FGRCF. [.0012xspE2(Mp1)xnECRn 
oF CLRVE (DE'.:. 

)fl % IL 

5. NORMAL ACCELERA'rI0W -- 13.7% cf Pving Weight 

6 
NORMAL DECEIR::Irj1x -- 11.9% of Movin Woight 

7. MAxflviL14 .2ccELEItsIoN* 16.0% or Moving Weight 

e. W3CflUM DECELERCIUN* ---- - 13.7% of Moving WeiCht 

9. MAXThUM DESION VELOCIUflL 

*I/)1D APPLIED AT TOP OF RAIL 

SCRTD EN INEERINCt STANDARDS 

RAPID TRAIISfl VEHICLE 

DESLTkN LCADING 

NI.uRE VI. 1 



1 
3. Impact (i) 

1 Impact loads are statically equivalent loads resulting from 

vertical or horizontal acceleration of the live loads. 

a. flnpact considerations for aerial structures supporting 

Irapid transit loading "Design is covered under of Rapid 

Transit Aerial Structures" in this section. 

b. Design of the top slab of underground rapid transit struc- 

Itures supporting roadway loading shall conform to the 

following: 

I0'-O" to l'-O" I earth cover = 30% II 

l'-l" to 2'-O' earth cover I = 20% LL 

2'-l" to 3'-O" earth cover I = 10% IL 

1 
Greater than 3'-O" earth cover I = o% LL 

The depth of cover shall be measured from the top of 

Iground or paving to the top of the underground structure. 

c. Structures supporting special vehicles, equipnent, or 

other dynanic loadings which cause significant impact 

Ishall be considered individually using the best tech- 

nical information available. 

d. Impact shall not be considered for foundations, stairways, 

mezzanines, station platforms, or other pedestrian areas. 

U. Centrifugal Force (or) 

On curves a percentage of the rapid transit loading per track 

1 equal to 0.0012 x speed2 (MPH) x degree of curvature (degree) 

shall be applied horizontally 5 feet above the top of low rail, 

on all tracks. 

1 

1 
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5. Seismic (s) 

Loads shall be applied per the latest lateral force require- 

Inents of the Structural Engineers Association of California, 

I 
which states that V=KCW, where W is the structure dead load 

(track used for vehicle storage is designed with weight of 

Ivehicles as DC) applied at the center of gravity; C = 0.05/ / T , 

where T is the natural period of the structure in seconds; where 

IK is 1.0 for aerial structures and 2.0 for aerial structure 

columns. 

6. Normal Acceleration or Deceleration Force (An) 

1 A force equal to 13.7% of the moving weight for normal acceleration 

Iand 16.0% of the moving weight for normal deceleration per track 

shall be applied at the top of rail on all tracks. 

1 7. Maximum Acceleration or Deceleration Force (Am) 

A force equal to 16.0% of the moving weight for maximum acceler- 

ation and 13.7% of the moving weight for maximum deceleration per 

Itrack shall be applied at the top of rail on all tracks. 

8. Horizontal Earth Pressure (E) 

Structures which retain earth shall be designed for side pressure 

1 due to earth abutting against the structure, load surcha.rges 

I 

resting on abutting earth, and hydrostatic pressure below the 

groundwater table. The Soils Consultant will furnish all 

available soils information to the Section Designer. 

l 
a. Rapid transit loading may be assumed as a uniform surcharge 

equal to three additional feet of earth. 

1 
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Ib. Live and dead loads from adjacent foundations shall be 

considered in computing horizontal pressures. 

I 
c. Where railroad loading occurs, the surcharge shall be 

Idetermined by the AREA Manual, Chapter 8, Part 5, 

Paragraph C-l. 

d. Hydrostatic pressure shall be computed at 62.11 pounds 

per square foot per foot of depth below groundwater table. 

e. The rock pressures to be used in design shall be as recom- 

mended by the Soils Consultant. 

9. Buoyancy (B) 

IBuoyancy shall be considered as it affects the design and con- 

struction of any structure. During construction and backfill 

Ioperations the elevation of groundwater shall be observed and 

controlled so that the calculated total weight of structure and 

1 backfill shall always exceed the calculated uplift due to 

buoyancy by at least ten percent. 

Other Loads and Forces I10. 

Other loads forces to be including loads, and considered, wind 

1 
shrinkage and thermal forces, are covered under "Design of 

Rapid Transit Aerial Structures". 

D. DESIGN PROCEDURES - EARTH RETAINING STRUCTURES 

lAll earth retaining structures shall be classified in one of the 
categories listed below. For each of these structures the following 

Uassumptions shall be made: 

1 
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I 
1. Reinforced Concrete Box Sections 

IThese structures retain earth but are not free to yield. Three 

I 
loading cases shall be considered in design: 

Case I: Full vertical and maximum long-term horizontal 

Iload, as recommended by the Soils Consultant. 

Case II: Full vertical load, maximum long-term horizontal 

1 load on one side and minimum long-term horizontal 

load on the other side, as recommended by the Soils 

I Consultant. In underground structures which could 

Ibe subjected to unequal lateral pressures, the 

structural analysis shafl consider both sidesway 

Iand side sway restrained in arriving at maximum 

shears, thrusts and moments. 

l Case load horizontal III: Full vertical with minimum short-term 

Iload on both sides, as recommended by the Soils 

Consultant. 

1 
For design, the horizontal earth pressure distribution diagram 

shall be rectangular giving a total load on the sides of the 

Istructure equivalent to the load produced by an assumed trape- 

zoidal pressure diagram. 

12. Reinforced Concrete Rigid Earth Tunnel Sections 

The method of driving these tunnels is proposed to be full shield 

Iwith machine or hand mining. Temporary tunnel support uld be 

provided by steel ribs and wood lagging and permanent support by 

1 
steel ring or concrete lining. 

1 



I 

I 

These sections shall be designed as rigid structures using 

working stress design methods. Horizontal earth pressure 

Ishall be calculated using an earth pressure factor recoin- 

mended by the Soils Consultant. 

1 
The structural design shall be checked using ultimate strength 

design methods. The maximum concrete stress, considering 

Irectangular stress distribution, shall not exceed 85% of the 

required 28-day concrete strength. Horizontal earth pressure 

factors recommended by the Soils Consultant shall be used in 

Ithese analyses. 

I3. Flexible Earth Thnnel Sections 

Drawings of single track earth tunnel section have been prepared 

Iby the General Engineering Consultant based on recommended earth 

I 

pressures, groundwater elevations and other soils constants fur- 

nished by the Soils Consultant. 

IReinforced Concrete Retaining Walls 

I 

These are structures which are free to yield to earth pressure. 

In retaining walls up to 20t_O1 in height, the design earth 

Ipressure shall be as recommended by the Soils Consultant for an 

equivalent fluid pressure. Retaining walls above 20'-O" in 

height shall be designed on the basis of specific soils infor- 

ination relating to the backfill material and in accordance with 

Irecommendations by the Soils Consultant. 

5. Rock Tunnel Linings 

The tunnels shall be provided with structural support designed 

to withstand rock and overburden loads corresponding to the 

recommendations of the Soils Consultant. 
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In areas of unsound rock quality a reinforced concrete lining, 

placed either by cast-in-place or shotcrete methods, shall be 

designed to provide permanent tunnel support. 

In designing the permanent reinforced concrete lining, struc- 

tural analysis shall include the following loading cases: 

(1) Running Track Tunnel Sections 

Case I: Vertical and horizontal rock loads as 

recommended by the Soils Consultant. 

No hydrostatic pressure. Loads shall 

be applied to the concrete tunnel section 

above the invert. 

Working stress design methods shall be used. 

Case II: Hydrostatic pressure with buoyant vertical 

and horizontal rock loads computed from 

information furnished by the Soils Con- 

sultant. 

Ultimate strength design methods shall be 

used with the capacity reduction factor, 

as defined in the ACI code, considered. 

unity ( 
$ = 1.0). 

(2) Station Tunnel Sections 

Vertical and horizontal loads shall be 

considered as recommended by the Soils 
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Consultant. Positive drainage shall be 

Iprovided behind the entire lining. 

IWorking stress design methods shall be 

used. 

The following types of temporary tunnel supports 

or combinations thereof shall be considered: 

Steel ribs 

I 

I 
Temporary support methods and design shall be 

left to the option of the Contractor except at 

Iportal sections where the Section Designer shall 

provide a design for the temporary support of 

the tunnel. 

IE. DESIGN OF RAPID TRAI'TSIT AERIAL STRUCTURES 

The criteria set forth in this section shall pertain specifically 

Ito the design of rapid transit aerial structures. 

I1. Design Codes and Specifications 

I 

The ACI code shall govern the design and construction of re- 

inforced concrete, prestressed concrete and composite concrete 

Iflexural members, except that torsional design shafl be based 

on Title 56-36 ACI "Design of Beams Subject to Torsion Related 

1 
to the New Australian Code" together with published conurients 

and other published recommendations. 

I 

[I 

I 
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The AASHO Specification shall govern the design and 

Iconstruction of structural steel and composite steel- 

concrete flexural members. 

Both the above codes shall be modified by the specific 

Irequirements outlined below. 

I2. Loads and Forces 

Where applicable, loads and forces listed in Section 

II\T.0 shall be used for the design of rapid transit 

aerial structures. Other loads and forces to be 

I include: considered 

Ia. Dead Load (DL) 

The dead load of aerial structures shall consist 

Iof the gravity loads of the basic supporting 

girders and structure. 

I 
Trackwork and appurtenances and secondary elements 

supported by the structure and added after construc- 

tion of the basic structure shall be considered as 

Isuperimposed dead load. 

Ib. Live Load (a) 

I 
Refer to Section VI.0 for live load magnitudes. 

Where a transit car wheel load is transmitted to a 

Islab through rail mountings placed directly on the 

slab, the wheel load shall be assumed to be uniformly 

Idistributed on the slab over a 3'-O" length of rail 

I 
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I 
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I 

I 

I 

I 

I 

I 

I 

and a l'-2" width normal to the rail and centered 

at the rail. In addition, the slab shall be de- 

signed to support a concentrated load of 13,125 

pounds located anywhere on the slab surface and 

uniformly distributed over one square foot. 

c. Impact (i) 

Impact shall be applied to the superstructure, and 

generally those members of the structure which 

extend down to the main footings. The portion 

above the ground line of concrete or steel piles 

rigidly connected to the superstructure as in rigid 

frame or continuous design is included. Impact 

shall not be considered for abutments, retaining 

walls, wan-type piers, piles, footings and safety 

walks, except the portion of piles rigidly connected 

to the superstructure. 

Vertical impact force factor for the design of simply 

supported longitudinal girders for aerial structures 

shall be as follows: 

I = 25 percent of the moving weight (cars and 

passengers) in the vertical direction. 

I = 10 percent of the moving weight (cars and 

passengers) in any horizontal direction. 
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d. Stream Flow Pressure (SF) 

IAnticipated flood elevations shall be determined by 

a study of official flood records. Stream flow 

Ipressures shall be included in the design of aerial 

Istructures where applicable. All piers and other 

portions of structures which are subject to flood 

forces shall be designed in accordance with sound 

engineering practice. The requirements outlined in 

Ithe AASHO Specification shall be used as a guide. 

e. Shrinkage and Creep Forces (s) 

These forces are described under "Reinforced and 

IPrestressed Concrete Design". 

I 

I 

I 

I 

I 

I 
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f. Thermal Forces (T) 

Provision shall be made for stresses and deformations 

resulting from temperature changes as follows: 

Concrete: 

Temperature Rise 30°F 

Temperature Fall 30°F 

Coefficient of Expansion 0.0000060 inch/inch/ 

degree F. 

Steel: 

Temperature Rise 50°F 

Temperature Fall 50°F 

Coefficient of Expansion 0.0000065 inch/inch/ 

degree F. 
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g. Wind Load on Structure (W) 

The forces and loads given herein are based on a 

wind, velocity of 70 miles per hour, as recommended 

in the final report (1961) of the ASCE Task Committee 

on Wind Forces. 

A horizontal, uniform wind load shall be applied 

sinultaneously at the centroid of an exposed areas. 

For girders and beams: 20 psf. to 60' high and 25 psf 

60' and above (based on 125% of actual area to compen- 

sate for shielded girder or girders beyond). 

For train: 225 plf to 60' high and 280 pif 60' and 

above, transverse applied 6'-o" above top of rail. 

For open roof structures: 15 psf uplift. 

Loading Combination and Unit Stresses 

The basic unit stresses for various materials in structures 

supporting the rapid transit system are defined in their 

respective sections. The foflowing combinations of loadings 

shall be considered in design: 

Allowable Percentage 
of Basic Unit Stress 

Groupl =DL+LL+I 100% 

Group II = DL + LL + I + S (or vi) 133-1/3% 

GroupIII=DL+LL+I+An+T+0.5W 125% 

(For double track structures, either 
or both tracks loaded for maximum 
stress) 
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Allowable Percentage 
of Basic Unit Stress 

Grouplv =DL+LL+I+Am 125% 

Where DL = Dead Load 

LL = Live Load 

I = Impact 

W =Wind 

S = Seismic 

T = Thermal Force 

An = Normal Acceleration or Deceleration 

An = Maximum Acceleration 

Above load combinations to be combined 

with centrifugal force, stream flow, 

snow, buoyancy, earth pressure and 

differential settlement if applicable; 

unsymmetrical loading should be con- 

sidered for worst condition. 

Special Design Considerations 

a. Vibration Limitations 

To limit potential dynamic interaction between 

aerial structure girders and rapid transit vehicle, 

the aerial structure shall be designed so that the 

unloaded natural frequency of the first mode of 

vibration of the longitudinal girder spans equal 

to, or less than 120 feet is not less than 2.0 

cycles per second and is not less than 1.75 cycles 
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I 
per second for spans greater than 120 feet. Combine 

Iall aerial girders for full dead load deflection plus 

3/1+ full live load deflection. 

I 

b. Fatigue 

Consideration shall be given to the effect of signi- 

Ificant change of stress levels caused by passage of 

rapid transit trains over the structure. Over the 

Ilife of the structure, 100 million passages of 

individual rapid transit vehicles shall be used in 

festimating number of repetitive load cycles. 

Ic. Uplift 

I 

Provision shall be made for adequate attachment of 

the superstructure to the substructure should any 

loading or combination of loading produce uplift at 

any support. 

d. Friction 

IFrictional effects shall be considered in the 

structural design. 

5. Reinforced and Prestressed Concrete Design 

IReinforced and prestressed concrete members for rapid transit 

aerial structures shall conform to the requirements of 

Section vI.l except as modified below. 

I 
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a. Camber and t)eflections 

IAs a guide in design, the total long term predicted 

camber growth shall be limited to 1/2000 of the span 

length for prestressed concrete aerial structures. 

The short term camber growth prior to trackwork con- 

Istruction shall be limited to l/li-000 of the span 

Ilength. A minimum 2-month period between structure 

construction and trackwork installation is assumed. 

b. Live Load Deflections 

Girders shall be designed so that the deflections due 

to live load plus impact shall provide safe vehicle 

Ioperation, but shall not exceed 1/800 of the span for 

I 

80% of maximum live load. The design modulus of 

elasticity for 5,000 psi concrete shall be 3,750,000 

Ipsi for hard rock concrete and shall be 2,500,000 psi 

for lightweight concrete. 

c. Longitudinal Tension Stresses in Prestressed Members 

ILongitudinal tension stresses shall not be permitted 

under any combination of loads, except in the bottom 

1 fibers where tension will be permitted for impact 

I 
loading only. Reinforcing bars shall be added to 

resist the tension stresses resulting from impact 

loads. 

I 

I 



I 

d. Shrinkage and Creep 

IStresses and movements resulting from concrete shrinkage 

I 
and ôreep shall be considered in the design and included 

in all load combinations. The shrinkage coefficient 

Ishall be assumed to be 0.0002 inches per inch for both 

prestressed and reinforced concrete. 

e. Structure Deformations and Settlements 

IAll structure deformations, including foundation settle- 

ment, shall be considered, not only for their effect on 

structural behavior, but also for their effect on track- 

work. The control of deformations through proper struc- 

Itural design is of paramount importance in obtaining 

acceptable riding quality for the rapid transit trains. 

I 
6. Structural Steel Design 

Structural steel and composite steel-concrete flexural members 

Ifor rapid transit aerial structures shall conform to the re- 

quirements of Section IV.H. 

The requirements governing live load deflections and structure 

Ideformations and settlements as outlined for Reinforced and 

Prestressed Concrete Design shall also apply to Structural 

ISteel Design. 

7. Foundations 

IFoundations for girder spans up to 150 feet in length, shall 

not have total settlements greater than 1" nor differential 

I 
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settlements greater than i". For spans over 150 feet in 

Ilength, the Section Designer shall develop settlement 

values which meet the approval of the General Engineering 

Consultant. 

1 
Allowable foundation loads shall follow the recommendations 

of the Soils Consultant. 

I 
The type of foundation shall depend on local soil conditions 

Iand can be classified into two types as follows: 

a. Spread Footings 

I The design shall keep the maximum soil pressure within 

Ithe allowable bearing value and soil pressures as 

nearly uniform as practicable. 

b. Driven and Poured-in-Place Concrete Piles 

IPile footings shall be designed so that the load on any 

pile does not exceed its allowable load and the uplift 

$ force on any friction pile does not exceed 50% of its 

allowable downward load for any loading combination. 

F. SOILS AND GEOLOGICAL CRITERIA 

IEarth and water pressures on the underground structures vary con- 

I 
siderably with geographical location. Recommended earth pressures 

and other soil constants win be furnished by the Soils Consultant. 

IAllowable bearing values for rock or earth in its natural bed shall 

be based on the above mentioned information. 

I 

I 
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G. SUPPORT OF EXISTING STRUCTURES 

The Soils Consultant will furnish specific information and 

recommendations as to underpinning and dewatering requirements. 

The economics and feasibility of various underpinning and de- 

watering methods for structures influenced by excavation or 

tunneling shall be investigated by the Section Designer as re- 

quired. Recommendations shall be made as to the method best 

suited to the particular site. 

All designs in this section shall be subject to the specific 

approval of the General Engineering Consultant and the Soils 

Consultant. 

Special provisions shall be made in the contract plans and 

specifications, requiring the construction contractor to main- 

tain, protect and be responsible for the safety, stability and 

integrity of all buildings and structures which may be affected 

by his work. 

1. Special Underpinned Structures 

These shall be defined as buildings or structures which 

extend over the excavation to such an extent that they must 

be temporarily supported during construction and permanently 

underpinned. Buildings or structures inmediately adjacent to 

the underground rapid transit structure, which must be carried 

on underpinning walls braced to act as retaining walls sup- 

porting the sides of the excavation, are included in this 
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category. Also included are structures under which the 

subway is tunneled, and other structures as determined by 

the General Engineering Consultant. 

Detailed plans for the support of these structures shall be 

prepared for inclusion in the contract plans and specifications. 

Underpinning walls or piers supporting buildings or structures 

and forming a portion of the excavation support system shall 

be ertended to a minimum depth of 2'-O" below subgrade 

elevation of the underground rapid transit structure. 

Methods used to underpin or protect these buildings or struc- 

tures shall depend on local soil conditions and may include 

the following: 

a. Pier, Pile or Caisson Method of Undei'pinning 

If soil conditions, structure size, and proximity to the 

underground rapid transit structure dictate underpinning 

piers, piles or caissons, they shall in general, extend 

below a sloped line drawn frcm the side of the excavation 

at subgrade elevation to intersect with the vertical pro- 

jection of the underpinned building foundation. The slope 

of this line shall be determined according to recoinmen- 

dations of the Soils Consultant. 

b. Retaining Wall Method of Structure Protection 

Under some soil conditions the supporting system for the 

excavation will be sufficient to protect light structures. 
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Under heavier loading conditions a reinforced concrete 

cut-off wall, constructed in short clay slurry filled 

trenches or bored pile sections and braced with pre- 

Iloaded struts, could be considered as an alternate to 

underpinning or to avoid settlement due to dewatering. 

Stabilization of Soil Ic. 

In techniques freezing general, such as and chemical 

I 
injections for the stabilization of soil under buildings 

in lieu of underpinning shall not be specified in the 

design phase. However, after consultations with the 

General Engineering Consultant and the Soils Consultant 

1 these techniques may be considered as an alternate to 

solve a localized soils problem. 

2. Other Underpinned Structures 

I Buildings the or structures outside normal supporting system 

Iof the excavation but having foundations influenced by the 

underground rapid transit structure shall be underpinned or 

1 
otherwise protected to ensure their safety and integrity 

during construction. These structures shall be listed in the 

contract documents, but underpinning design should be left to 

the construction contractor. 

I 
3. Structures Affected by Groundwater Lowering 

In certain areas uncontrolled lowering of the groundwater for 

rapid transit construction may cause settlements of buildings 

I 
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both adjacent to and some distance away from the cut and 

I, cover or tunneled excavation. 

IThese areas will be designated by the Soils Consultant with 

recommendations for limitations on or control of the con- 

Istruction dewatering. Such limitations and control measures 

I. 

should be incorporated in the design studies and should be 

included as appropriate in the contract documents. 

H. STRUCTURAL STEEL DESIGN 

IConsideration shall be limited to the following types of structural 

steel. Other types can only be used with the approval of the 

General Engineering Consultant. 

1. Structural Steel 

IFor normal use: ASTM A36 Structural Steel 

2. High Strength Structural Steel 

I For uses requiring higher strength steels or where economically 

1 
justifiable: ASTM A2-i-2, A4UO and A14+1 structural steel. 

3. Connectors 

IShop connections as detailed by the Section Designer shall be 

welded unless otherwise approved by the General Engineering 

I Consultant. All welding shall be in accordance with the 

current specifications of the American Welding Society. 

I 
Field connections shall be designed for high strength bolts 

unless otherwise approved by the General Engineering Consultant. 

IHigh strength bolts shall be ASTM A325 bearing bolts with 

threads excluded from the shear plane. 

I 
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I. REINFORCED AIND PRESTRESSED CONCRETE DESIGN 

B1. Cements 

Type I Portland Cement ordinarily shall be specified for 

Iconcrete mix design; however, consideration shall be given 

to the use of an approved expansive type cement, manufactured 

1 to compensate for the normal drying shrinkage of Portland 

Cement concrete. 

I 

Type II Portland Cement shall be specified for concrete con- 

struction in soils having low ph values or high sulphate 

content. 

I 
Type III Portland Cement may be specified for concrete mix 

design requiring a high early strength. 

1 2. Concrete Design 

I 
Concrete shall be designed to the following allowable stress 

Prestressed: 5000 psi minimum 

IFoundation and Structural Concrete: 3000 psi minimum 

Stations, Special Structures and Aerial Structures 
I(except Foundations): 1+000 psi minimum 

Non-Structural Concrete: 2500 psi minimum 

Prestressed concrete structures shall be designed by tF 

Ielastic theory and shall be checked by ultimate stren 

design methods. Prestressing steel rods shall have 

If's = 160,000 psi (mm.) and prestressing steel wir 

strand shall have f's = 270,000 psi (mm.). 

I 

I 
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3. Reinforcing Steel 

Ia. All reinforcing steel shall be ASTM A-15, intermediate 

grade, or ASTM A1i-32 (allowed only in aerial support 

Icolumns or 'here structure is not subjected to repeated 

dynamic loadings). 

I b. Spacing 

IIn general, main reinforcing bars shall be spaced at 

multiples of some pre-selected module, not less than 3", 

Ibut preferably 6", in tunnels, cut and cover box sections 

stations. Maximum bar spacing shall be 18". Exceptions 

I beams, thin track to this rule include stairways, slabs, 

Ibeams, etc. This requirement is intended to simplify 

design, checking, bar placing and field inspection. 

Ic. Shrinkage and Temperature Reinforcing 

Temperature and shrinkage reinforcement for sections not 

Iexceeding 50 feet in length shall not be less than 0.15% 

of the gross concrete area. A minimum of #3 bars at 10" 

and a maximum of /ftj bars at 18" centers in each face shall 

Ibe used. Temperature bars shall generally be placed at 

18' centers. For sections longer than 50 feet between 

Icontraction joints, construction procedures shall be 

specified and reinforcement provided to reduce shrinkage 

cracking to a minimum. 

IThe above requirements do not apply to rock tunnels. 

I 
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J. DESIGN OF CIRCULAR SEGMENTAL TUMJEL LITERS 

$ 
1. Design Considerations 

Segnents should be designed to resist individual jack 

1 thrusts of 125 tons spaced at approximately 2.5 feet ion centers. Maximum allowable buckling stresses, 

maximum liner plate deflections and possibility of 

corrosion shafl also be considered in the design. 

I 
2. Materials 

a. Structural steel. Refer to Section VLH of this manual. 

b. Cast iron shail conform to the current edition of 

IASTM A1+8. 

K. TEMPORARY STREET DECKING SYSTEMS 

IDetailed design of the temporary street decking system shall be 

prepared by the construction contractor. Criteria arid standards 

Ifor design shall be included in the contract drawings. 

Eli 

I 

The contract drawings and specifications shall cover compre- 

hensively, the detailed arrangements br traffic diversions, 

Iallowable restrictions and necessary construction stages which 

have been approved by the public authorities. Acceptable locations. 

$ 
shall also be indicated for construction access ramps or any other 

construction facility which affects the temporary street decking 

Isystem design. 

I 
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Temporary decking systems, including decking, bemns, piles, 

lagging and bracing struts, shall be designed for HS 2OLil 

loading, earth pressures, utility loads and other applicable 

1 construction loads. Because of the temporary nature of the 

loading and construction, the design stresses, except for 

I stresses in bracing struts, may be increased to 120% of the 

basic aflowable unit stresses. In struts the design stresses 

I 

I 

I 

I 

shall be limited to 75% of the basic allowable unit stresses. 

Enphasis shall be placed on adequate design and detailing of 

member connections. Web stiffeners shall be specified at all 

strut to wale connections and other points of concentrated 

forces. 
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VI. STRUCTURAL 

OtJTLIIE SPECIFICATIONS 

A. WAY STRUCTURES 

1. Aerial Way Structures: 

a. Concrete (except as noted otherwise on drawings): 

Prestressed lightweight 

(no pcf) girders: fc: 5 ksi 

Columns & Arms: fc' :14 ksi 

Foundations & Retaining 
Walls: fc': 3 ksi 

Non Structural: fc': 2.5 ksj 

All Other: fc': 14 ksi 

b. Reinforcing Steel: 

#1143 & #l8S ASTN A-1408 

#l4S & #18S in columns: ASTN A-1432 

All Other (Intermediate 
Grade): ASTN A-15 

c. Prestressing Steel: 

Pretensioning strand: ASTM A-1416 

Post-tensioning rods: ASTM A-322 & A-29 

d. Structural Steel: 

e. Painting of Structural Steel: 

Red lead primer: 

Finish Coat: 
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2. Thnnels: 

a. Concrete Lining: fc: 3 ksi 

b. Reinforcing Steel (Intermediate 
Grade): ASTM A-15 

c. Structural Steel Ribs: ASTM A-36 

d. Structural Steel Liner Rings: ASTN A-36 or ASTM ALiia 

3. Cut and Cover Subway Construction: 

a. Concrete: fc': t ksi 

b. Reinforcing Steel: 

#1)4S & #18S: ASTM A-1408 

All Other (Intermediate 
Grade): ASTM A-15 

4. Special Structures: 

a. Concrete (except as noted 
otherwise on drawings): fc: i ksi 

b. Reinforcing Steel (Intermediate 
Grade): ASTM A-15 

c. Structural Steel: ASTM A-36 

d. Painting of Structural Steel: 

Red lead primer: State of California 
Specification 58-G-53 

Finish Coat; Oil base paint or alkyd enamel 

B. STATIONS 

1. Aerial and At-Grade Stations: 

a. Concrete: 

Prestressed and conventional 
lightweight (110 pcf) 
girders: fc': 5 ksi 
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Columns & Arms: fc': It ksi 

Foundations: fc: 3 ksi 

Non-Structural: fc': 2.5 ksi 

All Other: fc': It ksi 

b. Reinforcing Steel: 

#l4S & #18S: ASTM A_LtO8 

#l'4S & #l8S in columns: ASTM A-It32 

All Other (Intermediate 
Grade): ASTM A-15 

c. Prestressing Steel: 

Pretensioning strand: ASTN A-Itl6 

Post-tensioning rods: ASTM A-322 & A-29 

d. Structural Steel: AST?4 A-36 

e. Painting of Structural Steel: 

Red lead primer: State of California 
Specification 58-G-53 

Finish Coat: Oil base paint or a11rd enamel 

2. Underground Stations: 

a. Concrete: 

Non-Structural: fc: 2.5 ksi 

All Other: fc': It ksi 

b. Reinforcing Steel: 

#lItS & #18S: ASTM A_1t08 

All Other (Intermediate 
Grade): ASTM A-l5 
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c. Structural Steel: 

d. Painting of Structural Steel: 

Red lead primer: 

Finish Coat: 

e. Waterproofing: 

Asphalt: 

Fabric: 

f. Soil Solidification: 

Primer solution: 

Catalyst: 

VI-37 

ASTM A-36 

State of California 
Specification 58-G-53 

Oil base paint or alkyd enamel 

ASTM D_Li49 
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VII. PROPULSION POWER 

IPRELIMINARY DESIGN CRITERIA 

IA. SCOPE 

I 

The traction electrification of the SCRTD system has a. design based 

on providing an adequate, reliable, and economic power conversion for 

Ipropulsion of transit vehicles. The following design criteria have 

been compiled to provide a reasonable standard to achieve this goal. 

B. GERAL 

IElectrification design is based on a computer program simulating the 

power and energy requirements for a specified train and load operating 

Iover a chosen traction system routeS Basic data is calculated from 

the program output and combined with constants derived from train 

I schedules and consists to develop required substation capacity, power 

Idemand, and energy consumption. From these figures, switchgear,- cable 

and wire size requirements are calculated to detextine the constants 

Iof the a-c and d-c distribution systems. Alternative arrangements and 

configurations are considered to optimize the final design. 

I 
C. TRAIN SIMULATION PROGRAM II'PTJT 

1 1. Route Date - cunec, grades, ruling speeds, distances, average 

- schedule speed - 70 mph. 

2. Train Data - 

ITrain length - 600 ft. 

Number of cars - 8 

Weight - empty 260 tons 

I- full 335 tons 

Passengers per car - 125 
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2. Train Data - (Continued) 

Wheel diameter - 28 inches 

Gear ratio - 14.79:1 

Number of traction motors - 32 total 

Track voltage - 900 volts 

Initial acceleration - 3.0 mphps 

Service brake rate 2.6 mphps 

Coefficient of air resistance - 0.21t60 

Dynamic braking down to - 10 mph 

Station run leeway tThie 5 percent 

Station dwell time - 20 seconds 

Power for car auxiliaries - 24 KW 

3. Traction Motor Data - 

(a) GE Traction Motor #1255AL 300/600 volt Series Wound 

Maximum Speed 75 mph, modified for 1450/900 volts. 

Rating - modified for 1450 volts 

Contjnuous 130 horsepower 2140 amperes 1#50 volts 

1-hour, cold start 1140 horsepower 258 amperes 1450 volts. 

(b) Traction Motor Performance - 

GE Characteristic Curve #14l1n37770 8/2/66. 

(c) Operating Mode 

O - 12 mph 14 motors in series. 

12 - 214 mph 2 thotors in series parallel, full field. 

24 - 36 mph transition. 

36 - 70 mph 2 motors in series parallel, weak field. 

Dynamic braking, full field, variable load resistance. 
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ID. SUBSTATION CAPACITY, DEMNU), MD ENERGY CALCULATIONS 

1. Track - 

Each route consists of double track of standard gage. Each 

track has associated with it a third rail or contact rail 

Isupplying 900 volt d-c power. Both running rails of each track 

are used to carry d-c traction return current. Guard rails are 

not utilized. 

I(a) Running Rail - 

I 
Each route has continuous welded running rails. At 

appropriate intervals both tracks are cross-bonded so that: 

the four running rails form an effectively single low 

resistance path for return current from any train. 

Rail weight - 100 lb/yard. 

Electrical resistivity - 12:1 copper equivalent. 

(b) Contact Rails - 

Contact rails are continuous between substations except 

Ifor gaps bridged by circuit breakers. Main line contact 

rails of separate tracks are connected only at passenger 

Istations or substations and at the midpoint of runs over 

four miles in length. 

IRail weight - 150 lb/yard. 

Electrical resistivity - 7:1 copper equivalent. 

I 
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2. Train Schedules and Consists - 

(a) Substation Ultimate Capacity - 

Consist - 8 cars per train. 

Headway - l minutes, all routes. 

(b) Substation Initial Capacity - 

Consist - 8 cars per traih. 

Headway - l and 3 minutes. Airport route - local - 3 mirnatea 

Express - 12 minutes. 

(0) Substation Demand and Enerr Consumption - 

Consists - Ii, 6 and 8 cars per train. 

Headway - 2 and 4 minutes. Airport route - local - 4 minutes, 

Express - 15 minutes. 

(d) Operating Schedule - 

Daily Operation - 5:00 A.M. to 1:00 A.M. 

Peak Periods - 7:00 A.M. - 9:00 A.M. 4:00 P.M. - 7:00 P..M. 

3. Substation Loading - 

Each substation consists of two equal half-capacity rectifier 

units without a standby. The substation is sized to carry the 

load of'two trains starting simultaneously at each passenger 

station at specified headway frequency with only 5 percent 

contingency allowance. 
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IIf the load of a passenger station is shared by two substations 

carrying loads from other passenger stations, the loads, at a 

1 substation are added as if the trains were starting .at random 

between the two passenger stations being added. If the station 

Irun time approximates the headway, a possibility of headway 

Iresonance or 14 trains starting simultaneously arises; in this 

case the substation loads are added to provide capacity for thith 

Icontingency. 

I14. Rectifier Capability - 

Auiiented NEMA Class III for Traction Service - 100% rated load 

Iamperes continuously until a constant temperature is reached after 

which 150% rated load amperes for two hours with a cyclic super- 

Iimposed load consisting of five periods of 300% rated load amperes 

Ifor one minute followed by one period of 1450% rated load amperes 

for 15 seconds. 

The 300%, one-minute cycles are to be equally spaced throughout 

Ithe two-hour period. This rectifier capability is to apply when 

one diode is out of sen-ice in each parallel group. 

I 
5. Substation Voltage - 

ISubstation rated voltage is tentatively 1000 volt D.C. Voltage 

regulation of rectifier transformer and rectifier combined - 6%. 

I 
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I6. Train Voltage - 

Nominal System Voltage - 

1 Minimum Train Voltage - 

I 

I 

I 

I 

I 

I 
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I 

I 
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I 

Maiimijm Train Voltage - 

With one train accelerating - 

With two trains accelerating - 

900 volt D.C. 

600 Volt 

1080 Volt 

825 Volt 

675 Volt 

7. 3L5 lOT AC Distribution - 

A group of traction substations is to be fed from a single 

metering and billing point supplied from a utility with the 

most suitable and conveniently- placed power receiving station 

in the area. Duplicate three-phase cables lines parallel the 

right-of-way and are fed by duplicate peddler circuits from 

the receiving station. Each line is to be sized to carry the 

total load of the substation group. 

In normal operation, each line carries half of the traction 

load; if one line is dropped due to a fault, then the remaining 

line carries all load. Normally, the rectifier units of each 

traction substation are fed from separatelines. 

If feasible provision should be made to provide power to or 

receive power from a neighboring substation group through 

normally open 3I.5 lOT circuit breakers. For this contingency 

all lines are considezed to operate in parallel as for normal 

operation 
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IWith these circuit configurations, the following voltage 

regulation appears acceptable, - 

Normal operation % from the receiving station high voltage 

Iprimary terminals to the traction substation primary input of 

any in the group. 

Emergency operation - lO from the receivingstation high 

Ivoltage primary terminals to the traction substation primary 

input of the farthest substation in the neighboring group. 

I 

1 

1 

I 

I 
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VII. PROPULSION POWER 

IOUTLINE SPECIFICATIONS 

IA. 

I 

Propulsion power is divided into the foflowing categories: 

High Voltage Cable System 

I. Rectifier Substations 

Contact Rail System 

I. Storage Yard Propulsion Power 

IThe high voltage cable system includes all cable, conduit, and switch- 

gear required to distribute 3L5 KIT power to all rectifier substations. 

IRectifier substations include the station high voltage switchgear, 

l 
rectifier transfonners, rectifiers, D.C. switchgear, negative bus, 

and DC feeders to the contact and return rail. Also included are 

Ithe rail gap tie breaker assemblies. The contact rail system includes 

the third rail and DC switchgear associated with track isolation 

Iinstallations such as crossovers and turnbacks. Storage yard pro- 

I 

pulsion power includes afl traction power installation required in 

yards. 

ISeparate procurement specifications have been prepared for the following 

I 
items of equipment: 

Rectifier Substations 

I. Main & Tie Circuit Breakers (31t.5 KIT Switchgear) 

Track Circuit D.C. Switchgear Stations 

I 

I 
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The following items are not included in this specification: 

I. . Station lighting and power including the critical power 

transformer and associated low voltage switchgear. 

IStorage yard and shop lighting and power 

I. Control center lighting and power. 

Tunnel lighting and power. 

Control and communication system. 

B. HIGH VOLTAGE CABLE INSTALLATION 

I314.5 1W single conductor, ungrounded, shielded cross linked polyethylene 

Iinsulated cable is used as the conductor. Two three conductor circuits 

parallel the entire route. Installation is as follows: 

Subway: Fiber conduit. Four 6 inch ducts per tunnel. 

Pull boxes are located every 2000 feet. 

I 
On Grade: Fiber conduit. Six 6 inch ducts in a concrete 

Ienvelope. Handholes are located every 2000 feet. 

I 
This duct bank is for both circuits. 

Aerial: Rigid conduit, number and size as required. Pull 

Iboxes are located every 1000 feet, one per circuit. 

IHigh voltage cable is terminated in every passenger station that has 

a space designated for a traction power substation. Cables are routed 

Ithrough the passenger station in rigid conduit (800 feet per circuit). 

I 



I 

I 

IHigh voltage switchgear is used for two purposes. A four unit assembly 

is used to connect the two power company feeder circuits to the dis- 

Itribution circuits. A two unit assembly is used as an intertie between 

I 
senents of the system that are fed from separate power company feeders. 

The switchgear is outdoor metalclad drawout type, 1500 MVA interrupting 

Icapacity, 200 K\T, BIL, 80 Ky withstand voltage. 

IC. RECTIFIER SUBSTATIONS 

Each substation consists of: 

I. One 3 unit high voltage indoor switchgear assembly. 

.Two 
rectifier transformers, oil tilled 3L5 Ky primary, one or 

two secondary windings as required by the size of the transformer. 

Two silicon diode rectifiers, indoor, air cooled, 1000 volt D.C. 

One 6 unit DC ssditchgear assembly containing two single pole 

drawout cathode breakers and four single pole feeder breakers 

sized according to Table I which follows. 

A two unit negative bus cubicle containing a drain bus and a 

disconnect switch for each rectifier negative pole. 

I. A substation control cubicle containing all of the control 

and metering relays. 

The high voltage switchgear is connected to each rectifier transformer 

Iwith No. 2/0 AWG 314.5 1W cable installed in 14 inch rigid conduit. 

Aflow 10 feet of conduit and 60 feet of cable for each rectifier 

transfonner. 

I 
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I 

The DC switchgear and bus duct sizes are as follows: 

TABLE I 

SUBSTATION CAThODE BKR. FEER EKE. BUS DUCT 
SIZE - MW AMPERES AMPERES AMPERES 

3.0 3000 3000 2500 

4.0 4000 4000 3000 

5.0 b000 t000 400o 

6.o 6000 6000 5000 

7.0 6000 6000 6000 

8.0 8000 8000 6000 

9.0 8000 8000 7000 

The rectifiers are connected to the DC switchgear and the negative bus 

cubicle with one pole ventilated bus duct of the ratings listed above. 

Allow 40 feet of duct per rectifier with 12 elbows and 4 pair of end 

fittings. 

At some locations rail gap tie circuit breaker assemblies are required. 

These consist of one four unit DC switchgear assembly with one breaker 

rated 4000 amperes. 

D. D.C. FEERS 

There are four feeders and two return cable assemblies from each sub- 

station. Cable and conduit sizes for each of these six cable assemblies 

are as follows: 
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SUBSTATION SIZE NO. OF NO. OF CABLES 

MW CONDUITS PER CONDUIT 

3.0 1 9 

2 6 

5.0 2 8 

6.o 2 9 

7.0 3 7 

8.0 3 8 

9.0 3 9 

Each conduit is six inch. Each cable is 500 MCM. Each conduit is 

terminated in a contact rail junction box at the track. At side 

platform stations there are four extra contact rail junction boxes 

and 1.j extra feet of feeder. 

Rail gap tie breaer assemblies require only four feeders each con- 

sisting of two six inch conduit containing eight 500 14CM cables. 

E. CONTACT RAIL SYSTEM 

The contact rail system is rated 3000 amperes EMS and is supported by 

5 1W post insulators spaced on 10 foot centers. A wood or plastic 

coverboard is run continuous over the contact rail mounted on brackets 

also spaced on 10 feet centers. 
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At double crossover points the following electrical installation is 

required: 

D.C. Switchgear 2 Units 

Enclosure 1 Unit 

Contact Rail Junction Box 12 Units 

Contact Rail 0J4M 

6 Inch Rigid Conduit 2.8 C 

500 MCM Cable 2.7 14 

At single track turnouts the following electrical installation is 

required: 

Contact Rail Junction Box 2 Units 

6 Inch Rigid Conduit 0.14 C 

500 MCM Cable O.4 14 

At turnbacks the following electrical installation is required: 

D.C. Switchgear 14 Units 

Enclosure 2 Units 

Contact Rail Junction Box 10 Units 

Contact Rail i.4 M 

6 Inch Rigid Conduit 3.8 C 

500 MCM Cable 3.5 M 

C = 100 feet; m = 1000 feet; E, Ea = Each; Pr = Pair 

VII-13 



I 
F 
I 
I 
I 
I 

HI 

I 
I 

(PRELIMINARY 

I 

Li 

I 

E 

I 

Li 

H 

I 

H 

PROCUREMENT SPECIFICATIONS) 



I 

$ 

I 

IRECTIFIER SUBSTATIONS 

U 

I 

r 
I- 

[j 

I 

I 

I 



I 

I 

I 

I 

I! 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

PROPULSI ON POWER RECTIFIER SUBSTATIONS 

PRELIIVARY SPECIFICATION 

REVISION ONE - MARCH 1968 
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III ARRANGEMENTS 

IV A.C. - SWITCHGEAR AND CONTROLS 
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VIII INDOOR SUBSTATION CONFIGURATION 

IX DOUBLE ENDED INDOOR SUBSTATIONS 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT 

SUPPLIER DATE 

COST SUBSTATION RATING 
1000 VOLTS 

INDOOR OUTDOOR 

3MW 

1MW 

5 MW 

6Mw 

714W 

814W 

9MW 

Prices should be current estimating cost based on delivery in Los Angeles, and 

should, include conventional factory tests only and installation supervision and 

checkout on site only. Include sufficient spare parts, particularly diodes and 

fuses for operational checkout. Please indicate the type of 3L5 Ky circuit 

breaker to be used. 

The attached preliminary specification is based on a 1000 volt substation up to 

9 MW capacity for a 900 volt propulsion power system. The substation capacity 

ratin is the total continuous full load rating of two identical rectifiers in 

full operation without a standby tmit. 
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I. GE1TERAL 

The propulsion power rectifier substations consist of complete coordinated 

parts as outlined hereinafter and include all integral equipment, devices, 

buses, internal wiring, etc., required for supplying "D-C" traction power 

to a 900 volt Rapid Transit System. 

II. STAEDAIfl)S 

The rectifier substations shall be designed, manufactured and tested in 

accordance with the requirements of all applicable NEC, NEMA, IEEE, and 

ASA Specifications, and the State of California Electrical Safety Orders. 

III. APRANGE?.NTS 

A. GENERAL 

Propulsion power substations are designed to convert 31-t.5 1KV, 3 

phase, 60 Hz power to a 900 volt D.C. Propulsion Power System. 

Each substation is composed of two identical transformer-rectifier 

units. Some indoor substations are arranged double-ended and others 

parallel in plan. Each rectifier unit is connected to a common D.C. 

positive bus by a main circuit breaker and to a common D.C. negatiVe 

bus by a disconnect key interlocked with the main breaker. 

B. ENCL0SUES 

All equipment shall be suitable housed in a heavy duty fabricated 

metal clad enclosures. The metal enclosures for the rectifier and 

D.C. switchgear for each substation shall be insulated from ground 

and from any connection with any other grounded item such as the 

main transformers and shall be provided with ground detection and 
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trotective relays and devices. The ground protection equipment, 

ir, the event of a failure to ground of the substation 1000 volt D.C. 

Sequipment, shall automatically shut down the rectifiers and open 

all D.C. main and feeder breakers in the substation. 

IV. A.C. SWITCHGEAR AND CONTROlS 

IA. GENERAL 

A metal clad enclosed, floor mounted, indoor heavy duty line up for 

I3L.5 lOT service and consisting of: 

1. Three (3) circuit breaker sections for roll-out type circuit 

breaker. 

I 
2. Two (2) control sections. 

3. One (1) fused disconnect section. 

it. One Cl) potential transformer section. 

I. 3)-t.5 lOT A.C. SWITCHGEAR SECTIONS 

.I 

Seven (7) metal-enclosed heavy duty A.C. switchgear sections complete 

with stationary and removable elements, including primary and secondary 

Idisconnect devices and including, but not limited to, the following: 

Il. Two (2) main circuit breakers 31t.5 101, 3 phase, 60 Hz, 1500 MVA 

interrupting capacity, current rating according to total sub- 

1 
station load. Each circuit breaker section includes one control 

I 

switch with green and red indicating lights and three (3) 

current transfom2ers. 
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2. Grc (i) tie breaker section with tie breaker 314.5 1W, 3 phase, 

60 Hz, 1500 MVA internpting capacity, to be able to take half 

the load from one main breaker. Section includes control 

switch, red and green indicating lights and two sets of three 

(3) current transformers and lockout relay. 

3. Two (2) Control Sections complete with stationary and removable 

elements including disconnect devices and including: 

(a) Each one (1) voltmeter to 38 1W with voltmeter switch to 

measure main bus. 

(b) Each one (i.) ammeter with ammeter switch to measure main 

bus current. 

(c) Each one Cl) watthour demand meter. 

(d) Each two (2) potential transformers 314.5 KY, ratio 300:1, 

fused for instrument and relay potentials. 

Ce) Each six (6) instantaneous cwercurrent relay with time 

overcurrent relay (50/51). 

(r) Each two (2) ground overcurrent relay (iw). 

(g). Each one (1) reverse phase undervoltage relay (147). 

(h) Each one (i) lockout relay (86). 

14. One Ci) potential transfonner section with four (14) potential 

transformers 314.5 1W, ratio 300:1, with fuses, for undervoltage 

relay (147), and voltmeter on incoming line with necessary 

mounting and connecting equipment. 
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5. The circuit breakers shall be coordinated with the rectifier 

$ unit and shall be fast enough to clear a bolted fault at the 

rectifier output terminals without damage to the rectifier. 

6. One (1) auxiliary fused disconnect switch, 34.5 1W, 3 phase, 

1 60 Hz, fused to 10 amp., to be able to carry passenger station 

Icritical load with manual operated handle, mechanically linked 

to switch, red and green indicating lights, ammeter and ammeter 

switch, watthour demand meter and three current transformers. 

Auxiliary power is to be furnished by others. 

I 
RECTIFIER TRMSFORMERS 

1 A. TRANSFORR DATA 

Type CA oil immersed, self cooled. 

I Insulation .;; Thermally upgraded Class A or better. 

I 
Temperature Rise . Not, exceeding 65° C. at rated full load 

for hot spot temperature and not permitting 
impairment to insulation during normal rated 
duty cycle; 

Ambient Temperature 1050 F. 

IPrimary Voltage 34,500 volts. 

Primary Phases 3 phase. 

Frequency 6o Hz. 

Primary Winding Delta connected with 200 1W BIL withstand. 

Primary Taps Four 2%, two above and two below. 

1 
Tap Changer Manual, no load. 

Primary Bushings Cover mounted on side-wan. 

ISecondary Windings As recommended by vendor to provide 12 ifnase 
or equivalent 12 phase rectification. 

1 Secondary Bushings Side-wall mounted for connections to metal 
clad rectifier section. 

1 
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1 
A.C. CIRCUIT FUNCTION 

REF TO SN-i 

$ 

I 

The circuit breaker No. 1 main and No. 2 main will stay closed under normal 

load, the tie breaker remains open under the same conditions. The relay 50, 

I51 will trip the breaker and lock it out on overcurrent from the No. 1 or 

iJo. 2 rectifier unit, with an alarm indication on the switchgear and supervisory 

Iboard. 

The relay USJJItt will trip the specific breaker in case of ground in the circuit 

with an alarm indication on the switchgear and supervisory board and breaker 

Ilockout. 

The relay 47 prevents closing a breaker on undervoltage, overvoltage, phase 

I 
unbalance, or reverse phase conditions. The breaker will trip for sustained 

undervoltage or subtransmission line trip out; after a twenty-second time 

delay, the tripped breaker will lock out, the N.0. tie breaker will close, 

and relay tripping functions will transfer fran the locked out tripped breaker 

to the tie breaker. 

I 

1 

I 

I 



3. CIRCUIT PROTECTION 

Relaying to .ve warning light or sial and resulting in tripping 

of primary circuit protection for following conditions: 

1. Transfonner low liquid level. 

2. Otrertemperature of oil. 

3. Sudden pressure. 

ii.. Ground fault. 

5. Transformer winding hot spot indication. 

VI. RECTIFIER SECTIONS 

A. Consists of an indoor,, floor mounted metal clad enclosed, forced 

air cooled silicon rectifier assembly, with twelve (12) phase or 

equivalent 12 phase rectification 1000 volt D.C. 

B. DUTY CYCLE 

The rectifier unit shall supply 100% rated load current continuous 

Iservice until a constant teziperature in rectifier and transformer is 

reached, foflowing the 100% rated load the equipment should be cap- 

Iable of operating at 150% rated load for 2 hours wLth a superimposed 

I 
cyclic overload consisting of five (5) periods at 300% full current 

for 1 minute equally spaced throughout the 2 hour period, followed 

1 
by one period of 1450% full load current for fifteen (15) seconds at 

the end of the two-hourperiod. The unit is to operate daily at 

1 rated full load continuously plus the overload cycle twice daily 

spaced apart about seven hcars. 

I 

1 
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Rectifier shall withstand bolted fault at output terminals until 

cleared by primary circuit breaker. Fault withstand tine shall 

Iinclude circuit breaker interrupting time plus relay operating 

time. 

C. RECTIFU2 ARRANGEMEN' 

IEach set of silicon diodes mounted on air-cooled heat sinks, connected 

in groups for twelve (12) phase or equivalent twelve (12) phase recti- 

1 fication. Provide extra diode in each set over and above the number 

Irequired by the phase group rating, thus the loss of a single diode 

per group will not affect the rating. 

D. SURGE PROTECTION 

IThe rectifier equipment shall be adequately protected against surges 

which may occur on the system, except a direct litning stroke at 

Ithe substation. 

E. 

The rectifier unit shall be so desied that, with sustained rated 

Iprimary sinusoidal voltage on the normal tap of the rectifier power 

Itransformer, the combined inherent characteristics of the transformers, 

regulating devices, and any other part of the equipment affecting the 

1 
D.C. voltage characteristics at the rectifier shall result in a regu- 

lation of 6%, based on individual power per rectifier unit, based on 

1 1000 volts at all rectifiers and. 100% continuous load. 

I 
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F. COOLING 

The rectifier compartment shall be designed for forced-air cooling. 

Baffles, interior ductwork and cooling fans or blower shall be pro- 

vided to maintain necessary air flow. The fans or blowers shall be 

complete with motors and thermostatic and air flow protective devices 

for both alarm and tripping purposes to protect against poor air 

circulation, blower motor stoppage and air overtemperature. The air 

intake to the compartment shall be provided with a permanent clean- 

able filter. 

G, RECTEFIER COITROL SECTION 

The rectifier control section compartment located in the DC switch- 

gear line up shall contain all switches, meters, relays, motor 'starters, 

annunciators and othe' devices necessary for the operation and pro- 

tection of the rectifier, .±ectifier transformer and switchgear. 

This equipment shall include, but' shall not be limited to, the 

following: 

1. D.C. ammeter, with ammeter switch "On-Off" and shunt device. 

2. D.C. circuit breaker control switch with indicator li&fts. 

3. D.C. voltmeter with voltmeter switch "On-Off". 

U. Combined watt-meter totalizer and voltmeter recorder complete 

with equipment (for one rectifier control section only). 

5. H.i-resistance ground protection and relaying for rectifier 

metal-enclosure. 

6. Light indication with drop.callout on nameplate. 
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H. DIODE PROTECTIVE DEVICES 

1. High speed current limiting diode fuses. 

1 2. Provision for remote warning of diode loss; provision for tin- 

I 
loading rectifier for loss of second diode in phase group or 

diode leg. 

1 
3. Surge protective networks with fuses and open fuse indicator 

lights. 

p14 For parallel diodes, current division within i% per diode/per leg. 

I 
5. Add one additional diode to each phase group of parallel diodes 

over and above rating requirements. 

1 
6. Warning signal for loss of rectifier cooling (temperature 

indicator) and provision for unloading rectifier. 

7. High resistance ground protective unit as caned for on Page 13 

and Sketch "5K 8" 

II. D.C. SWITCHGEAR AIW CONTROL 

A. A metalcld enclosed, floor mounted, indoor, heavy duty lineup for 

1000.volt D.C. service and consisting of: 

Two (2) main circuit breaker sections for roll-out type circuit breaker. 

Four (4) feeder breaker sections for roll-out type circuit breaker. 

(2) control sections. ITwo 

B. D.C. MAIN BREAKER SECTIONS 

ITwo (2) metaiclad enclosed, heavy duty, floor mounted switchgear 

I 

Eections with 1000 volt D.C.; single pole, electrically operated, 

Semi-high speed mai.n circuit breakers with series long and short 

1 
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Itime adjustable overcurrent relays and instantaneous reverse current 

relaying, shunt trip devices for remote control tripping, and con- 

1 trol switch "Hand-Off-Auto", or equal. The breaker shafl be door 

I 
interlocked for safety purposes and key interlocked with the negative 

disconnect switches in the negative bus cubicle. 

IC. D.C. FEEDER BREAKER SECTIONS 

a Four (Ii) metalciad enclosed, heavy duty, floor mounted switchgear 

- sections with 1000 volt D.C., single pole, electrically operated, 

semi-high speed feeder circuit breakers with series long time 

adjustable overcurrent and instantaneous forward current relaying, 

1 shunt trip devices for remote control tripping and reclosing features 

Iwith lock-out relay, and control switch "Hand-Off-Auto", or equal. 

The breaker shall be door interlocked for safety purposes. Each 

Ifeeder circuit breaker shell have capability to carry the continuous 

rated load and duty cycle of one rectifier unit. 

I.. 
D. COTqTROL SECTIONS 

ITwo (2) metalclad enclosed, heavy duty, floor mounted, switchgear 

sections with control equipment for main breakers, feeder breakers 

I and transformer and rectifier and shall be complete with stationary 

land removable elements including primary and secondary disconnect 
devices and including, but not United to, the following in each 

Icontrol section: 

I1. Two (2) reclosing relays (H). 

2. Two (2) measuring devices (NE) (for reclosing timing). 

1 
VII-214 

1 



a 

C) 

L 

S ----SS p p p - - S S - -a 
J9I'VE Li/Vt' /4c'QA'Y 

- SIWrc'1Qs4R 
72' J/(/trcH4Egg WCz oc ',ta 
/1tT4111c 5CZ/4C& 

W. 4'. S7E4 

Rift flF/FZ / *nLCJ' 

geigy 4.t1 gqp,rnsir tisr 
,4CCZ OS/Sf ,estgy 

- 

-N64 s/JR/Ne DC//cc 

72 D- jigs C/E(. 2QtqflA all 7W 1I't2d8iP4d#lT 

DEflces 

9 4 nfl. 5Ic/irc// 

131 flawe7e 5tVnz-w 

TR4Nsj't'crO 

k477W6TER /ecoRJSR inlrnz/zae) 

VPt7fltflZ 26CO204e 

9 /1/48 .RES/574wt.a *1094/5 l2Et4?(flR /AØOOE 5r4flflf$ 04'zr) 

flO7S; flt 02(0/7 flwCfl#4'$ £S' SeCT4V "5 AN2 



I 

1 
ID.C. CIRCUIT FUNCTIONS 

REFER TO SK-2 

Circuit breakers (72) yin stay closed under nonnal load. Each circuit breaker 

Ishall be equipped with adjustable, timed and instantaneous overcurrent trip 

devices to provide overcurrent .3rotection against overloads and faults on the 

D. C. system. Should an overload or circuit fault arrive and a breaker will 

I 
trip, then the feeder equipment will provide the following automatic control 

functions: 

A. The operation of the control switch will set up the automatic reclosing 

iapparatus. 
I 

B. A bridge-type circuit will be connected to measure the resistance of the 

load or propulsion distribution circuit. 

1 C. If the load resistance is equivalent or higher than the setting of the 

Idial-type calibrating device, the apparatus will initiate the closing 

of the feeder circuit breaker, 72. 

D. The circuit breaker will remain open until the load resistance is higher 

than the equivalent dial setting for stub-feed. 

SE. If voltage exists on the load side of the feeder circuit breaker the 

apparatus will be automatically recalibrated for multiple feed or 

Ivoltage reclosing. 

IF. Under such conditions the feeder breaker will remain open until the load 

voltage is equal to or above the voltage setting of the dial-type 

Icalibrating device for multiple feed. 

I 
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1 
3. One (1) high resistance ground relay unit (64). 

1 4. One Ci) monitor relay (64M) (to monitor ground relay). 

I5. One (1) A.C. power unit for ground and monitor relay. 

6. Rectifier control equipment per Paragraph VI G. 

E. The main positive bus shall be housed in the D.C. switchgear and 

extend continuously between the two main circuit breakers. 

F. The main negative current return bus shall be housed in a metaJ.clad 

cubicle (see SK-3), isolated from the D.C. switchgear. Connected 

to it are two disconnect switches for isolating the two rectifier 

units during maintenance. The disconnect switches shall be manually 

Ioperated and key interlocked with their respective positive main 

Ibreakers to prevent opening under load. Provision shall be made 

for connecting two feeders with top or bottom entry to the cubicle. 

1 
Each feeder must safely carry the current load of one rectifier. 

Each feeder shall be attached to the bus by a bolted link, or 

Iequivalent, to for easy isolation of the negative bus from provide 

Ithe track circuit. Provision shall be made for attaching six track 

leakage return current drain cables to the bus, each with 500 ampere 

1 
current capacity. 

IVIII. INDOOR SUBSTATION CONFIGURATION 

The indoor traction substation equipments as described in Sections IV, 

1 V, VI and VII are arranged in four groups, namely: 

One (1) A.C. Switchgear and Controls Group. 

I Two (2) Tranfoner and Rectifier Groups. 

IOne (1) D.C. Switchgear and Controls Group. 

I 
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A.1 roips are well isolated and arranged rectangularly. The front of the 

D.C. switchgear faces the front of the A.C. switchgear. The transformer- 

Irectifier groups are identical in construction and lie in parallel between 

the A.C. and D.C. switchgears. Vault construction details such as columns 

Imay require some change in the proposed arrangements. 

1 
DOUBLE-DEIIJ INDOOR SUBSTATIONS 

A. GENERAL 

One (i) metalciad enclosed, heavy duty, indoor switchgear for 3L5 

' 
ICr, 3 phase, 6o Hz service, as left-side unit, as shown on SK-6, 

and complete with stationary and removable elements, including 

Iprimary and secondary disconnecting devices and including as part 

of each unit the sections as follows: 

1. A.C. Switchgear 

1 
Two (2) metalclad enclosed, heavy duty, control section. 

Two (2) metalclad enclosed, heavy duty, main circuit breaker 

Isection. 

I, One (1) metaiclad enclosed1 heavy duty, tie circuit breaker 

section. 

1 
One (1) metalclad enclosed, heavy duty, auxiliary disconnect 

switch. 

1 One (1) metaiclad enclosed, heavy duty, potential transformer 

isection. 
2. Two (2) Rectifier Transformers, one for left side and another 

I for right side unit and should be the same as described in 

USection V. 

1 



3. Two (2) Rectifier Cubicles, metalelad enclosed, heavy duty, 

indoor, complete with stationary and removable elements, 

including primary and secondary disconnecting devices and 

each cubicle shall consist of: 

One (1) rectifier section. 

Auxiliary power section. 

The rectifier cubicle shall conform with units described in 

Section VI. 

1 1+. One (1) D.C. SwLtchgear, metalclad enclosed, heavy duty, indoor, 

I 

for 1000 volt D.C. service, half of the switchgear for the left 

side units, the pther half for the right side units, complete 

with stationary and removable elements, including primary and 

secondary disconnecting devices and shall include the following 

sections: 

(a) Sections A & H 

Two (2) metaiclad enclosed, heavy duty sections, in indoor 

switchgear, 1000 volt D.C., for No. 1 and No. 2 main breaker, 

complete with stationary and removable elements, including 

primary and secondary disconnect devices, with front-door 

mounted control switch with green and red indicating lights. 

Each breaker shall be of the roll-out type and electrically 

interlocked with the door, to prevent door-opening under 

load. This section includes the same equipment as called 

for in Section VII - B. (See SK-7) 

VII-27 
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I 

i (b) Sections B & G 

Two (2) metaiclad enclosed, heavy duty sections, in indoor 

Iswitchgear, 1000 volt D.C, for No. 1 and No. 2 control 

I 

complete with stationary and removable elements, indluding 

primary and secondary disconnect devices. This section 

Ishall include the same equipment as called for in Section 

VII - D. (See SK-7). 

(c) Sections C, D, E & F 

1 
Four (4) metalclad enclosed, heavy duty sections, in indoor 

switchgear, 1000 volt D.C., for No. 1, 2, 3 and 4 feeder 

Ibreaker complete with stationary and removable elements, 

including primary and secondary disconnect devices. Each 

breaker shall be of the roll-out type and electrically 

Iinterlocked with the door to prevent door-opening under 

load. This section includes the same equipment as called 

for in Section VII - C. For sections and details see 

gx-6 and SK-7. 

X. GROUTQD 'AULT PROTECTION ON ENCLOSURES OR CASES OF RECTIFIER TRANSF0RIviRS, 
IRECTIFLERS Aim D.C. 

A. RECTIFIER TRANSFORR GROIThD FAULT PROTECTION 

IThe case of the rectifier transformer shall be well insulated from 

I 
ground and from the enclosure of the rectifier unit. The case shall 

then be solidly grounded from the grounding lug to the station ground 

Iby threading the grounding conductor through an A.C. current trans- 

former and through a D.C. current transformer or transductor. Each 

1 
VII-28 

I 



I 

1 

1 

1 

sJdi_ 
LL H H H ___ 

c i 

H 

I I "c4wrz.scrnwJr,aE I 

o 4ace3'r4,O ON D7?1 SrJJ 
I *2140,C. I 

I #1 
Cp4?2 W4/g X/Wa P6)7 M9,/ cw/r 

4'tS ,CMQ,4c5 

I H- i'a . - 

_____ 

511-c 

Douze-e4s sQe5pr,aNH 



.'CAlSER ENGINEERS 
DANIEL. MANN. JOHNSON & MENDENHALL JO. No. 46fl - 25 SHEET OP 

7/24 7/sty ,°cc'e,( /e/,c,fg 56e.s7.,'r,ai, DAtE //I 67 
Iea rãgo.0 CMj1 - J'o'acE -S4(5S9 .57tfl49 BY 4t -, 

I 5Ect#3. StCTst# -seer 
si&: sceZ#j 54Se17fl St 

I 
I 
I 
I. 

I___________ ___________ ___________ ___________ 

IPENJ 

/ 
'90 
XFnR 

P/Sc. 

I 
o-gfl a.VRS, t 2 

Nfl .4c8/attZ ne $e. POTIfl7.41 ZPTR 

sFer,sw SB *oc 3fl/fl'a$W/flMQCI4 
I' 

aec S#e r ¶g-, tent /2s' $ea' 

I 
seer Mcr na sect. Seer. seer seer 5SOT 

8 'c P E' 'C '1G" 

I 
I' 

®® 0 0 

®e ®e©® 

IwIv I" Ill 
ft4,g #-, / *2 *3 ** 12 
a#', CA%'1)C 04 'pa P69eg #epsC c.*wC#'. Ssw. 

I 
'$7 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

current transformer will be connected to a high speed adjustable 

pickup relay, 6.t A.C. and 64 D.C. respectively, both relays to be 

supplied in the sate case. The relays will initiate alarms and 

primary circuit breaker and secondary main circuit breaker trippings. 

B. RECT'IER ENCLOSURE GROIThD FAULT PROTECTION 

The enclosure shall be insulated from the transformer and all 

metallic structures. The enclosure shall be grounded through a 

resistance and protected from ground fault by the relay scheme 

shown on Sic-B. 

C. D. C. SWITCHGEAR ENCLOSURE 

See SK-8 (similary to B, above). 
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I 
:ci:. :f;::oTIoI:s TO BE MADE AVAILABLE FOR A SUPERVISORY CONTROL SYST1 

IThe Supervisory Control System shafl include control and monitoring of 

the following substation equipment: 

SYSTEM FUNCTION DESCRIPTION 

IRECTIFIER START CLOSING T} A.C. CIRCUIT BREAKER 

IRECTIFIER STOP TRIPPING TF A. C. BREAJ 

BREAKER INDICATION RED LIGHT FOR BREAKER CLOSED 
IGREEN LIGHT FOR BREAKER TRIPPED 

RECTIFIER DIODE FAILURE VISIBLE ThDICATION BY FAILURE OF ANY DIODE 
OR FUSE LOCAL AND REMOTE 

I RECTIFIER LOCKOUT LOCKOUT RELAY HAS INITIATED A. C. CIRCUIT 
BREAKER TRIP AND LOCKS OUT RECTIFIER 

ITRANSFORMER SUDDEN PRESSURE SUDDEN PRESSURE RELAY OPERATION TRIPS 
A.C. BREA1 

ITRANSFORMER OIL OVER TRANSFORMER TF14OSTAT INITIATES A LOCAL 
TEIVERATURE AND REMOTE ALARM AND LIGHT 

I 
TRANSFORMER, RECTIFIER & GROUND RELAY INITIATES A. C. & D.C. MAIN 
D.C. SWITCHGEAR BREAKER AND LIGHT INDICATION LOCAL AND 
CASE GROUND FAULT REMOTE 

ITRANSFORi' LOW LIQU LEVEL INDICATES "LOW LEVEL" ON LOCAL & REMOTE PANEL 

I. AUXILIARY. DISCONNECT SWITCH FUSE OPEN 
OVERCURRENT OPENS FUSE GIVES LIGHT INDICATION 
LOCAL AND REMOTE 

D.C. MAIN CIRCUIT BREAKERS OVERCURRENT RELAY INITIATES D.C. BREAKER TRIP 
IOVERCURRENT AND LIGHT INDICATION LOCAL AND REMOTE 

D.C. FEEDER BREAKER OITERCURRENT INDICATION BY ALARM 

I 
D. C. SWITCHGEAR CASE GROUND RELAY INITIATES D. C. MAIN AND FEEDER 
GROUND FAULT BREAKER TRIP AND LIGHT INDICATION LOCAL AND 

I 
INSTRUMENTS & METERING: D.C. TOTALIZING WATT1'TER RECORDER 

I 
#1 & #2 - RECTIFIER D.C. A141TERS 
#1 & #2 - RECTIFIER D.C. VOLTITERS 
#1 & #2 - A.D. MAIN BUS VOLTNETERS 
A.C. AMMETER-AUXILIARY TRANSFORMER 

I A. C. POTENTIAL TRANSFORMERS 

I 
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MAIN ATcJD TIE CIRCUIT BREARS 

FOR 

A GROUP OF TRACTION RECTIFIER SUBSTATIONS 

PRELIMINARY SPECIFICATION 
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SOUTRN CALIFORNIA RAPID TRANSIT DISTRICT 

SUPPLIER DATE 

METAL CLAD SWITCHGEAR 

UY'IIII)t1 

FIVE (5) SECTION INTERFACE 
MAIN BREA1CR UNIT 

TBEE (3) SECTION, TIE 
BREAKER UNIT 

COST 

34.5 1W 
OUTDOOR 

Prices should be current estimating cost based on delivery in Los Angeles, and 

should include conventional factory tests only and installation supervision and 

check-Out on site only. 

Please indicate the type of 34.5 1W circuit breaker to be used. 

The attached preliminary specification is based on a 34.5 KV indoor or outdoor 

METALCLAD SWITCHGEA.R, ONE FIVE (5) section and one three (3) section unit. 

VII-32 
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I GENERAL 

The work to be performed under the terms of this specification shall 

Iconsist of furnishing and delivering the equipment for interface indoor 

I 

or outdoor metalciad switchgear and indoor or outdoor tie breaker metal- 

clad switchgear. 

IThe switchgear shall consist of complete coordinated parts as outlined 

I 
hereafter and shall include all integral equipment, devices, buses, 

internal wiring, etc., required for the proper operation of the interface 

( 
and section tie breaker switchgear for the 34.5 KiT feeders to propulsion 

Ipower substations in a section of the Rapid Transit System. 

II. STAEDARDS 

IThe interface and tie breaker metaiclad switchgear shall be designed, 

I 

manufactured and tested in accordance with the requirements and all appli- 

cable NEC, NEMA, IEEE and AM Specifications and the State of Califdrnia 

"Electrical Safety Orders". 

I 
III. ARRANGEMENT 

A. GENERAL 

IInterface metaiclad switchgear is designed to provide an interface 

switching between a power company and a section of the Southern 

ICalifornia Rapid Transit System for the 31t.5 KiT AC main power source. 

The normally open tie circuit breaker metalelad switchgear is designed 

to provide AC power to an adjacent section of the Rapid Transit System 

during an operating condition of emergency. 

VII-33 
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3. ENCLOSURE 

All equipment shall be suitably housed in heavy duty fabricated 

rnetalclad enclosures. The metalciad enclosures for the AC switch- 

gear shall be provided with a ground bus to connect metal frames 

and housings of electrical equipment. All outdoor enclosures shall 

thermostatically controlled space heaters installed to prevent 

formation of moisture condensation. 

4 IV. 314.5 KIT INTERFACE MAIN BREAKER SWITCHGEAR 

A. 311-. 5 KIT INTERFACE MAIN BREAKERS AND CONTROL 

A inetalciad enclosed, floor mounted, indoor or outdoor heavy duty 

tswitchgear for 314.5 KIT service and consisting of: 

-' 1. Four (14) circuit breaker sections for roll-out type circuit 

Ibreakers. 

2. One (1) control section. 

B. 314.5 KIT INTERFACE SWITCHGEAR SECTIONS 

Four (14) metalclad enclosed heavy duty AC switchgear sections 

I complete with stationary and removable elements, including primary 

and secondary disconnect devices and including, but not limited to, 

the following: 

1. Four (14) main circuit breakers 314.5 KIT, 3 phase, 6o Hz, 200 BIL, 

1500 MVA interrupting capacity, current rating up to but not 

I 1200 A. Each breaker exceeding circuit section includes one 

control switch with green and red indicating lights and three 

(3) current transformers. 1 and #11 breaker sections each 

II 

I 



include one (i) white indicating lamp and switch to measure by 

selection either feeder from the incoming line. 

1 2. One (1) control section complete with stationary and removable 

elements, including primary and secondary disconnect devices 

and including, but not limited to, the following: 

I(a) Two (2) recording voltmeter to 38 KY scale, one Cl) for 

Line #1, one (1) for Line #2. 

(b) Two (2) twin recording ammeter, to measure main bus 

Icurrent one (1) for Line #1, one (1) for Line #2. 

(c) Four (4) watthour demand meters, to measure Line #1 and 

Line #2 load. 

(a) Four (14) reactive voltampere-hour meters, to measure 

Line #1 and Line #2 load. 

4 
(e) Twelve (12) time ov-ercarrent relays (with instantaneous 

units), (50/51). 

(f) Four (4) overcurrent ground relays (51w). 

(g) Two (2) undervoltage relays (47). 

(h) Four (4) reclosing relays (79). 

1 (1) Four (4) lock-out relays (86). 

I(j) Four (4) potential transformers (fused). 

I 
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_________ V Tn' EREA1R SWITCHGFSAR 

IA. A metalciad enclosed, floor mounted, indoor or outdoor heavy duty 

switchgear for 31t.5 1W service and consisting of; 

1. Two (2) circuit breaker sections for ron-out type circuit 

breakers. 

I 
One Ci) control section. I2. 

B. 34 .5 Ky TIE BREAKER SWITCHGEAR SECTIONS jTwo (2) metalciad enclosed heavy duty AC switchgear sections corn- 

plete with stationary and removable elements, includIng primary 

I and secondary disconnect devices and including, but not limited to, 

ft 
the following: 

1. Two (2) tie breaker circuit breakers 3b.5 1W, 3 phase, 60 Hz, 

'1 
200 BIL, 1500 WA interrupting capacity, current rating 1200 A. 

The tie breaker sections including: 

I (a) Circuit breaker control switch with green and red mdi- 

Icating light, in Section #1 and section #3. 

I(b) Two C2) white indicating lights, one (1) for #1 tie 
breaker and one (i) for #2 tie breaker control potential. 

$ Cc) Three current transformers in each of Section #1 and #3. 

1 2. One (1) control section complete with stationary and removable 

elements, including primary and secondary discontect devices 

and including, but not limited to, the foflowing: 

I 

I 

I 



I 

I(a) One (1) voltmeter with voltmeter selector switch, to 

select ill or #2 tie breaker potential. 

I 
(b) One (i) ammeter with ammeter selector switch, to select 

#1 or #2 tie breaker current. 

I(c) Four (14) potential transformers, fused, two (2) for #1 

and two (2) for #2 tie breaker potential and instrumentation 

I 

I 

I 

I 

I 

I 

I 

I 
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;;cLT:j;E TO BE 11ADE AVAIlABLE FOR SUPERVISORY CONTROL SYSTEM 

The supervisory control system shall include control and monitoring of the 

following equipment: 

A. INTERFACE SWITCRGEAR DESCRIPTION 
SYSTEM FUNCTION INTERFACE S1ITCHGEAR 

Energize section line or lines Closing interlace AC circuit breakers 

De-energize section line or lines 

Ground fault or overcurrent on 
section line 

Breaker indication 

Breaker trips on overcurrent 
or fault 

Indicate switchgear loading 

B. TIE BREAKER SWITCHGEAR 

Section tie breaker closing 

Section tie breaker trip 

Section line ground fault 

Section line overcurrent 

1111-38 

Tripping interface AC circuit breakers 

Tripping interface AC circuit breakers 
Light indication local and remote 

Red light for breaker closed 
Green light for breaker tripped 

Alarm and light indication 
local and remote 

Monitor ammeter and voltmeter 
instruments 

DESCRIPTION (TIE BREAKER SWITCHGEAR) 

Initiates lights and indication 
local and remote 

Initiates lights and indication 
local and remote 

Ground relay initiates tie breaker 
trip and light indication with alann 
local and remote 

Overcurrent relay initiates tie 
breaker trip and light indication 
with alant local and remote 
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TRACK CIRCUIT DC SWITCHGEAR STATIONS 
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TRACK CIRCUIT DC SWITCHGEAR STATIONS 

PRELBVIINARY SPECIFICATION 

REVISION ONE - MARCH, 1968 

TABLE OF CONTENTS 

I GENERAL 

II STANDARDS 

III ARRANGEMENTS 

IV DC INDOOR/OUTDOOR METALCLAD ENCLOSURE AND CONTROLS 

V FUNCTIONS TO BE MADE AVAILABLE FOR A SUPERVISORY CONTROL SYSTE4 
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SOUTRI CALIFORNIA RAPID TRANSIT DISTRICT 

SUPPLIER DATE 

METAL ENCLOSURE 

Four (14) Section Unit 

Two (2) Section Utfit (With Bus) 

Two (2) Section Unit (Without Bus) 

Ten (io) Section Unit 

One (i) Section Unit (Without Bus) 

Three (3) Section Unit 

COST 
1000 VOLTS 

ThDOOR OUTDOOR 

Prices should be current estimating cost based on delivery in Los Angeles, and 

should include conventional factory tests only and installation supervision and 

checkout on site only. Include sufficient spare parts. 

The attached preliminary specification is based on 1000 volt D.C. mete. outdoor 

enclosure for 900 volt traction system. 

VII-14O 
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g 
The track circuit DC switchgea.r stations consist of complete coordinated 

Iparts as outlined hereinafter and include all integral equipment, devices, 

I 
buses, internal wiring, etc., required for supplying DC traction power 

to storage and transfer tracks and inspection yards, at 900 volt D.C. and 

Ifor sectionalizing the mainline contact or third rail circuits at rail 

gaps. 

II. STANDARDS 

IThe traction station units (consisting of various sections) shall be 

designed, manufactured and tested in accordance with the requirements of 

all applicable NEC, NEMA, IEEE, and ASA Specifications, and the State of 

California Electrical Safety Orders. 

III. AERAJ'TGEt'TS 

1 A. GENERAL 

IThe track circuit stations are designed to connect various transfer 

zone contact rails, storage track contact rails, or rail gaps'by 

ID.C. switchgear. Each unit is composed of various outdoor metaiclad 

enclosed sections 1000 volt D.C. 

I 
B. ENCLOSUPE 

IAll equipment shall be suitably housed in heavy-duty fabricated metal 

I 
enclosures. The metal enclosures for each unit shall be insulated 

from ground and from any connection with any other grounded item and 

shall be provided with low resistance ground protective devices. The 

ground protection equipment, in the event of a failure to ground of 

the unit, shall automatically open all D.C. switching devices in the 

unit. 

I 
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SW. DC INDOOR/OUTDOOR IITALCLAD ENCLOSURE AND CONTROLS 

A. GENERAL DESCRIPTION 

1 
Eight (8) metalciad nciea, floor mounted, heavy-duty units, for 

900 volt service and consisting of: 

$ 1. One Ci) section unit for one (1) single pole circuit breaker, 

Isemi-high speed, (roll-out type). (See SK-2l DON. Unit-i). 

2. Four (14) two section units, three with and one without positive 

5 
bus compartment for one single pole circuit breaker, semi-high 

speed (roll-out type) in each section. (See SK-21, DON. Unit-2 

1 and. DON. Unit-It; and SK-22, Section tIE_EU and Section "G-G", 

and SK-15 and SK-16 with bus compartment; and SK-17, without 

bus compartment). 

1 3. One (1) three section unit, for one single pole circuit breaker, 

semi-high speed (roll-out type) in each section. (See SK-2l, 

ISK-22, 

I 
14. One (1) four section unit, for one circuit breaker in each 

section. (See SK-13, SK-l14). 

5. One (1) ten section unit, where two (2) sections will be equipped 

with one (1) main unit bus feeder circuit breaker (roll-out type) 

3 in each section, and eight (8) sections will be equipped with 

one (1) single pole circuit breaker (roll-out type) in each section. 

I (See SK-l8, SK-l9, SK-20). 

I6. One low-resistance ground protective device and specific control 

and relay equipment will be mounted in each individual unit. 

I - 

Ii 
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I 
I13. DETAILED DESCRIPTION (See SK-21, DOM. Unit-i) 

1. One (i) Section Unit 

1 One (i) metaiclad enclosed, floor mounted, outdoor, heavy duty 

for 900 volt D.C. service with a 1000 volt D.C., single pole, 

I 2000 amperes, electrically operated, semi-high speed single pole 

Icircuit breaker, and the unit shall be complete with stationary 

and removable elements, including primary and secondary dis- 

Iconnect devices and including, but not limited to, the following: 

(a) One (1) control switch with position "local and remote", 

I including indicating lights. green and red 

(b) One (i) low-resistance ground protective device. 

2. Four (4) Two-Section Units (See SK-15, SK-16, SK-17, SK-21, 

I 
Each of these units shall consist of: A metalciad enclosed, 

I heavy D.C. floor mounted, outdoor, duty, for 900 volt service 

Iwith 1000 volt D.C., single pole, 2000 amperes single pole circuit 

breaker, semi-high speed (roll-out type), in each section of 

Ithree (3) units, and 1000 amperes circuit breakers in each 

section of one (1) unit, and each unit shall be complete with 

stationary and removable elements, including primary and 

secondary disconnect devices and including, but not United to, 

the following: 

I(a) One (1) control switch with green and red indicating lights 

for each single pole circuit breaker in each section. 

I(b) One low-resistance ground protective device for each 

individual unit (2 sections). 
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I 

I 

I 
3. One (i) Three-Section Unit (See SK-21, .SK-22, SK-23) 

A metaiclad enclosed, floor mounted, outdoor, heavy duty, for 

1 
900 volt D.C. service with 1000 volt D.C., single pole, 1000 

amperes, electrically operated, semi-high speed single pole 

1 circuit breaker (roll-out type) and shall be complete with 

I 
stationiry and removable elements, including primary and 

secondary disconnect devices arid including, but not limited to, 

the following: 

(a) One (1) control switch with green and red indicating lights 

Ifor each single pole circuit breaker in each section. 

(b) One (1) low resistance ground protective device. 

le. One (1) Four-Section Unit (See SK-13, 5K-lit) 

I A floor for metaiclad enclosed, mounted, indoor, heavy duty, 930 

Ivolt D.C. service, with 1000 volt D.C., single pole, 3000 amperes, 

electrically operated, semi-high speed single pole feeder circuit 

$ breaker, roll-out type, and shall be complete with stationary and 

removable elements, including primary and secondary disconnect 

I devices and including, but not limited to, the following: 

I(a) One (1) control switch with green and red indicating lights 

for each feeder circuit breaker in each section. 

I(b) One (i) low resistance ground protective device. 

1 
5. One (1) Ten (10) Section Unit (See 5K-iS, SK-19, SK-20) 

A metaiclad enclosed, floor mounted, outdoor, heavy duty, for 

900 volt D.C. service, with 1000 volt D.C., single pole, 2000 

amperes main-unit bus single pole feeder breaker, (roll-out type) 

I 



I 

I 
in section "B" and section "H" and 1000 amperes single pole 

1 circuit breaker, semi-high speed (roll-out type) in Sections 

I A, B, C, E, F, G, and 1500 amperes single pole circuit breaker, 

semi-high speed (roll-out type) in sections K and L (See SK-18),: 

1 
and shall be complete with stationary and removable elements, 

including primary and secondary disconnect devices and including, 

I but not limited to, the following: 

I: 

(a) One (1) control switch with green and red indicating lights 

- for each circuit breaker and main unit bus feeder breaker. 

-. (b) One (1) low resistance ground protective device. 

I6. Ground Devices and Control Relays 

(a) Each unit metal housing shall be connected to a low resistance 

Iground protective device which shall open all circuit breakers 

within the specific metal housing in the event of a ground 

l fault to the metal housing. (For example see: SK-2O). 

I. (b) One (1) D.C. pvercirrent relay (76) to cohnect in each breaker 

feeder line. 

C. CIRCUIT BREAKER TYPE 

$ 
1. Circuit breakers are the same type and kind normally used as D.C. 

feeder breakers in the traction rectifier substation. They shall 

$ be roll-out, heavy duty with the same current interrupting capacity 

fault detection relaying may be coordinated with substation Iso 

feeder breakers of total substation rectifier capacity up to 9 MW. 

$ 
Each circuit breaker shall be provided with series adjustable 

instantaneous and long time characteristic relaying devices for 

1 overcurrent and fault protection and a shunt relay tripping device 

for local and remote control.. 
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LV. ::c;'ONs TO BE MADE AVAILABLE FOR A SUPERVISORY CONTROL SYSTEM 

The Supervisory control system shall include control and monitoring of 

the following traction station equipment: 

TRACTION STATION SYSTEM FUNCTION DESCRIPTION TRACTION STATION 

ENERGIZE ANOTHER SIDE OF CROSSOVER GAP CLOSING CIRCUIT BREAKERS 
OR TURNBACK GAP OR YARD CONNECTION FROM 
MAIN LINE GAP OR RAIL GAP TIE 

DE-ENERGIZING GAP AS CALLED FOR ABOVE TRIPPING CIRCUIT BREAKERS 

GROUND FAULT OR OVERCUBRENT ON TRIPPING SINGLE POLE CIRCUIT 
FEEDER LINES BREAKER OR MAIN BUS UNIT FEEDER 

BREAKER INDICATION 

BREAKER TRIPS ON OVERCURRENT 
OR FAULT 

GROUND FAULT ON TRACTION STATION 
IVIETALCLAD ENCLOSURE 

VII-46 

BREA IN STORAGE YARDS PROPULSION 
POWER, AND LIGHT INDICATION LOCAL 
AND REMOTE 

RED LIGHT FOR BREAKER CLOSED 
GREEN LIGHT FOR BREAKER TRIPPED 

LIGHT INDICATION AND VISIBLE 
ALARM LOCAL AND REMOTE 

LOW RESISTANCE GROUND PROTECTIVE 
DEVICE RELAY TRIPS ALL BREAKERS 
IN THAT SPECIFIC TALCLAD ¶JNIT 
AND INITIATES THE ALARM CIRCUIT 



I 

I 

I 

I 

I 

I 

I 

t 

I 

LT 

I 

'I 

I 

I 

I 

I 

I 
'9 

Jon NO. 46S7 2$ SHEET OP 

rgcp,o,i/ Sr4flo,v (2?4/Z c5-9ft ne) DATE /1- /4-ó) 
9Ooptr tic ati. -&, 

45 

L 

fky A SSCt 8 .sar C seer. D 

F46S2 &t%. A9ER c cESP& B4Z. 

C 
4000,9 40004 40004 

Pz,*1V V/E1L/ 

is A',C szr/°,te 

1 2-aa 
_J 

7'4cr,ON SZv r,ty ,cfl R4/4 Ø4i° r& 

5S07 A £6tz .8 Jeet C sat .0 

W4. F62iç ft:64E4 fln',e 4t.Ye. 

':4" 



I 
15 

1 

I 
r4 

I 
I 
I 
'9 
I 

::pI)?ALL Jo. No. ÔóS7 - 2Y SHUT OF 

fgncr/u,J srirz-w (,e4/z. 'P ne) DATE - & 7 
900 /2tcr £C. a 

6&t,4 .56C77C 

V I___ 
/ 

-/ 7; 7 
7 
/1 

.4 

a4'fl, .Ws '*4 Cc's 04,. 9a 
Pt42?aC6YR. pcgJg &R. ,&4cz en'e, 

C 

U SEcr/,W 5 S 
50_c ,14'aNevr Z#CV,N .srdr/.'4' /'A tC4/L G.IP 77C 

- TYtE 8o5 
//vJuhsre4s c';?)) 

- 4OOo9i%°dAE 5c/S 

a S!114Ct 

a22a 2644 fr- toe, r4 #1 fl&#qe. (nc9 

,&!fr N,tec'/ ifs 



H 
I 

H:' ,l9'/jp'a'd ci 
H' H '. I _____ _____ 

- - ... OSOfltP 117 a" "-' b'P 
/07 /1' '.M 4'O3e/ 7,4'I -e,n'ei' 

dh'02c17$' 
('/-%t- Par) 

'?5'92O N NO t9'Yf In' 7fl' 
az O'.c n,v,%-a 'mis' jiv rs- ,y/ -4 79 ,so,'gO- 

CJ2rfr &w*1/Q 'zn / /?OYS fl'47PnN/ J/NO 1 
Y274'i /9 tI79c 7 /4' nPc YN//17t24,4// .Zi,v : cog r,v S' ,V/Zf/$4'fl Cfl'fl2t-2c tvi'i'rai. '522Pm , . - - froG 

________/ 

/7 /9 z'ys IV '-1z9c 
J/JPg,va'a.z &'&' 

3ff/7,t/j 4"yd 4'c/J7fly. &'A'A .dP 
mfr4cwp't7r4fg/4 NrZd 

.415.'4' ..Zav,'Se -I 

sii 

t RIOd//?,Y,,' yfl4ipzfl 
rant 

I 
r I t'000a 

R7j /7! /9 /b' / 
7..4 I//Z'J/D $4' .4'nz3V 

/& 223J7 /2 I Iv 
/7 4', 

.'& nfl /9 h7J5 
7NJ..LS fl Ag ,,)OfrP#vyaz ,, I, // U 

19-5/ -/1 'C .94'/7 /WYA/ 6"?W qo' gg /'/o/2 rjs- /VP/J)Vi'J 
40 se- 4sn oN for ' 



7/frf- aa 

P6/ /W!'A/ >laY 

2 

?Y'A'#4s9'Pk, 12s1fl07 C44 ! dm09 tIn' dfrsaryn,Ysl a- 20 

7nht,sW/ i/ om,t t49P9Ny,zZ 
ya C,vr 7 M/6%' 94' ,Vflt fife VtP FyP-( MY 

,tj,..z rjg 'a/J7r/ dO 6''Y9 M7 N/7 P,VC 

£49' .fl'W4'b' 0003 

Z4t9t4S /V 7; Ag 

40 .LE3HS 

7 

2L 

7Q7t-444Q2 

4'P .L/nflji) 
fr'000e. 

So9 PXYo'Nb' 0093 

02 

7P7 

?C-/100fi .4t7flN3n? 
., WWf 7 4'/6) 1a ,WhI.7a,V,fl?7 dO n'Pa6C/S /Vp/j'J'9J 
jp gON nor 



1 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

El 

I 

mALL Jou No. d ff7 - 2$ SHEET OP 

7W4cri4,tj 5r14'7/o,tJ ,:tpi'Z s'w4cs c)Q C.CS DATE 7/ - 
44/p 90US46 cgcjccjt 90o I'l?c 

4. 

L 

.5ac,t 4 8 

2000 q 2C004 
c/sec-cit 3. C/fcc/P ÔVR. 

4 

PL4// P'S1i 

/2 5/#41s ,*N4 
9'voIS teens 

I. 
2c40A- 

c'.ecv'r .1 c,,ecwr tn. 

.4. it 

.jscrn',v ':4-4" 
15C9',r p9&V 



'5. 

4tl 

ff1 

a s a a - a a a - a a a s 

SEct . 5tr 8 s&r C 54779 seer E 56cr r src c seer /1 .5ec7 4 sEer L 

r 

rttcwr JAR. 
/0004 

cipevir &c. 
loot 4 

MA//i Ut/IT 
58R. "h" 20oA 

T,Q14NSFFc'_ 
rove 
c/Rn/IT &YR. 
/OOo 9 

.o2cwrnt 
/Ooefl 

ccQCU/7 &e 
/004 4 

A/4i# 0/1/7 
C4w- n" 
2°°0 4 

3T244E 
reAm- 
c42C0/TId%t 
iSCO 4 

$V24' 
zt' cr' 
ORrcnr q,7. 

/3Cc 4 
Ce',r .Oa. 
/0004 

J k 

N 9 

U s Fl 

- -- 
N 

H . X4A/ ØEW 
q made gA0tSIPOPJa H. . ... . ,. . .... 

- zecp 9 5EC7 4 5ECJ c sa P. seer g sc p sa, ca -seer H Sfo- Jr MCD L '1 b 

2 

U 

©® ©® 
[i1 

m'.v tWIT ,. tWI/0N17 
CIRCUIt 3t? c,ECU,T &. C/cd/7 S/it 72ca/r ore. CIECw 75Ii ci'2eV'7 e. ci,cruiritc'e. q&-wr4e. C/2(OI75 citnZ'r 8,11e. 
/0604 /Q004 /0004 -210oo,rj /0004 /0004 /0004 200o.q /5VO4 /5004 

sar7/5,q "4 -4" 
F#esliv r /4.s;v 

5KIS 

1'' L40 SW 
ko 

xl 
'1 

wow 
4 ) I 

'is 



0 Q 0 

J200&.4 . /04 D4 

re 7.21w5 FEE 

A 

I" 

I I 

't. 

J iSDO.4 

NA 

7-0 5TDR44S r 
C\ L 

kg 

h) 

-.5 
tiD U) 

.( ,. I 
.4 P1 

tJ) 

ONE I/Nc MCi 
DN 7&V77on -7t77'v t#'? 5The4etf YJ) t2;4PvL5/V Poevtcz 

5Jf/9 N 



sja - a a am a a a .a a a s a 

S6criP// 
A 
St's_9a4/v4cN67vy 

rtccran sr-nm' rc.e zvec y- -ncPuts'tw ptiJe (sse 5K- is) 

L 
0 

2 
0 

U' 

wow 
-( > .1 

-i p. -n p. ' -4 

- N 
£'0 

t_P% , 

NI 



a ) a a s a a a a a a a S Q a a 
35(771W 3a7/CIJ 
42 32 

ON T2'/SFF.0 ra.s P62 
ZoNE 

, 
'//T 842 Qtcd/7S42. c/ecu/Tt'/n.. 

44 2Ooo,g A& /0004 /0004 BC 

TI _______ ft ft 

.SEC7/Cf/ SETtCAI .5EC17$'I 
2 D2 52 

27E44,3 Fi2 ,a'1&5Ce2 7&94'5tE2 

S 

c/cain- t'c2, C,Zcu,TS'r2. C/2cotr. 
/0004 /0004 /0004 

5 E///, 

ire £g 
7 -16r 

S F'T7'tv 
62 

5 rci2'ic5 

- c',QCV/7 &tz 
20004 [e000A 

_1j 
.._.J I _.._J L fl_J I. 

Do, u,v,r-i PeN. aver -2. D°fl ciwir- a Jc't. £/d/r- 
. 

er 4i)/SOCZ Y4R -fl574L EIvaeU 

i r r' riirii 
£3 

'®® ®® 
£3 

@® ®® 
£3 

/Q'U'784Z cxeewr8nz'. deco/i YE o.ecu,r yg. c,ea',rP 
20o0,1 /0.004 1000 4 /000 4 boo 4 /o 4 LJ I____ J L_L.. .._L 

sccr/yI,,l-,1 5ECfl/NM5- $5T/ON '4C 

fo,'r Visil fl'ir VIEW /it' i-v 

Pc,-: 5rcr/tt5 41/ aC/s &1J&7A1i2JrS S5C Sn-- 2Z 

£3. £3 

&%-?. IORCV,r EAC. 
4 1 E0004 

Ec.it,v_z)-2 

1c1a nr I&'i;' 

I. 

1 $ 

(O 

c9 

I') 

('I 

woo, 
4 > I 

-4 'I 

Pt pi 

' -' 

'SS%.l 



a a a a a a a a a a a a a a a 

,cj 

5flZ42 SECT £2 JECZC2 36c7p2 .sa-762 .sEcrr2 ssc76. 

jñCfllN6-E - ..- - 
gaj 4,4&tce,vrL'r 80$ Afl4N65/1EW7 

,VorEs; FIR PLAn ViE/v iSE S/f-ai 

Scty//4, $-C 
.8 d4//& 4LI2CW 

5/1-22 

C' 

t 
'I' 

Q. 

t't 

k 

'4 

Wa U, 
4 > I 

4 N 
II In 

t. -4 

'0 
t\ J 



a a a a a a a a a a a a a a a0a a 
hT4L .edacsog6 

F41r rT1TL4J11 

-it 

r 

S/'t4;zr Z/NC D/4c?,c/: 

Y>2RD ,°RO/'OiS,cW PaIVEAe 

AC_f ft52'//S SLZE S/f?/ 3' .22 
1 

A_____________ 

5;'(- 23 



I 

1 

I 

I 

I 

I 

ri 

1 

I 

VIII. ELECTRICAL FACILITIES 
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VIII. ELECTRICAL FACILITIES 

I 
PREIIY DESIGN CRITERIA 

A1W 

.I 

OUTMNE SPECIFICATIONS 

A. ELECTRICAL INSTALLATIONS 

Ii. The electrical installations as hereinafter mentioned will be 

provided in fixed facilities such as passenger stations, tim- 

Inels, parking lots, central control building, shops, and main- 

I 

tenance and storage yards and which are separate and distinct 

from the train electrification, train control, communications, 

Iand fare collection systems, even though power will be provided 

to the latter three systems. 

2. All these installations will conform to the City of Los Angeles 

Electrical Code, State of California Electrical Safety Orders, 

Iand the National Electrical Code. 

B. PASSENGER STATIONS 

Il. The descriptions of the electrical installations in the stations 

as given herein apply to passenger stations of all types and traf- 

Ific densities. 

2. The analyses of electrical systems for basic types of passenger 

Istations appear in the form of calculations in the technical por- 

tion of this report. 

I 
C. STATION NORMAL POWER SUPPLY 

1 1. The normal power service to the individual stations will be sup- 

I 
plied by Southern California Edison Company or City of Los Angeles 

Department of Water and Power and will serve both normal and en- 

Itical loads. The normal loads include the following: 

I 

I 
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I 

a. Normal L80/277V Lighting. 

b. Normal 8/lv Power. 

c. Station Air Conditioning Equipment. 

d. Station Ventilation Fans 

e. Escalators. 

f. Hot Water Heaters. 

g. Space Heaters. 

h. Undercar Heat Removal Fans (Par-ial). 

2. The service will be 3-phase, 60 cycle, L8O/2Ti volts or hither, 

depending upon the station electrical load, location, arsd power 

company's distribution voltage in the locality. 

3. The service entrance will be underground from the distribution 

source to the station Electrical Room. 

1 SCRTD owned distribution transformers will be provided in tue 

station Hlectrical Room to provide the U/277 volt 3-phase util- 

ization voltage when the service voltage is higher. 

D. STATION CRITICAL POWER SUPPLY 

1. Critical power will be provided at 1t/277V, 3-phase, 6o cycle. 

The crtcal loads include the following: 

a. Train contro± system. 

b. Communications systems. 

c. Fare collection system. 

d. Station critical lignting. 

e. Thnnel walkway critical lighting. 

1. Hxit sign critical portion. 

g. Undercar heat removal fans (partial). 

ii. Tunnel ventilating fans and dampers. 

viii-2 
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I 

Station sewage pumps. 

Tunnel sump pumps. 

Door operation air compressors. 

Emergency power supply battery charger. 

Electric clocks. 

1 2. Critical power at stations with a traction power substation 

ui11 be supplied by the traction power 314.5 kv system through 

I a fused internpter switch and 34.5 kv-480/277 volt 3-phase trans- 

former located in the same substation. 

3. Critical power at stations without a traction power substation 

will be supplied by the 34.5 kv feeder for traction power system 

in the vicinity of the station through a fused interrupter switch 

and 34.5 kv-480/277 volt 3-phase transformer located in the station. 

I4. The critical loads will automatically be transferred to the critical 

power supply upon loss of normal power. 

E. STATION EMERGENCY POWER SUPPLY 

1. Emergency power will be provided for the station emergency light- 

ing, exit sign emergency lighting and tunnel emergency lighting 

Iloads be loss of area lighting or during which will energized upon 

transition from normal to critical power. 

2. The emergency power supply will be a 125 volt, d-c battery plant 

Icomplete with nickel-cadmium battery, automatic battery charger 

and controls, and necessary equipment, controls and accessories. 

IThe Emergency Power supply will be in accordance with the Emer- 

Class "B" Supply System requirements of Los Angeles Electri- Igency 

cal Code. 

I 
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F. STATION DISTRIBUTION CENTER 

motor control center type distribution center with normal and IA 

critical bus, automatic transfer switch to transfer critical bus from 

Inormal to critical power, and including circuit breakers and combina- 

tion circuit breaker type magnetic motor starters will be provided in 

Ithe station Electrical Room. Motor control center construction will 

be Class II, Type B or C, in NEMA 12 enclosure. 

G. STATION DRY TYPE TRMSFOR}'RS 

IU8o-208/l20 V t2'ansformers for lighting and miscellaneous power will 

Ibe dry type; transformers supplying sensitive loads will have electro- 

static shie1din. 

H. STATION PAIELARDS 

The normal and critical power panelboards will be circuit breaker type. 

-I 
I. STATION EIV2RGENCY DISTRIBUTION PAEELBOARDS AJ?TD AREA CONTROL PAiNELS 

IThe emergency power distribution panelboards will be circuit breaker 

type. Area control panels will sense lose of power within a specific 

I urea and energize only that portion of the emergency lighting system. 

IJ. STATION CTOBS 

Motors will generally be NEMA Design "B" (normal starting torque). 

I Typical motor enclosure types are as follows: 

Motor Type of Enclosure 

iTunnel sump pump Totally enclosed fan cooled 

Station sewage pump Drip-proof 

ITunnel ventilating fan Totally enclosed fan cooled 

Station ventilating fan Drip-proof 

I Escalator Drip-proof 
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K. STATION MOTOR STARTING AND CONTROL EQUIPT 

1. Typical motor starting and control equipment will be as follows: 

I 

ITunnel sump pump 

1 

I 
Station sewage 
pumps 

I 
Tunnel or station 

I 
ventilating fans 
or undercar heat 
removal fans 

Escalator 

[1 

I 

I 

I 

I 

I 

I 

I 

Ii 

Item in 
Distribution Center 

Combination Motor Starters 

Combination Motor Starters 

Combination Motor Starters 

Circuit breaker 

Items at 
Driven Equipment 

2 float switches, 
niechanical alternator, 
and 2 non-fused dis- 
connect switches, all 
with NEMA 1 enclosures 

2 float switches, 
mechanical alternator, 
and 2 non-fused dis- 
connect switches, all 
with NEMA 12 enclosures. 

Non-fused disconnect 
with NEJvIA 14 enclosure 
in tunnel and NEMA 12 
enclosure in station. 

N4A 12 control panel 
wit-h disconnect pro- 
vided with escalator. 

Station air con- Circuit breaker Non-fused disconnect 
ditioning unit and control panel with 

starters near unit, all 
NEMA 12. 

2. All the starters mentioned above will be combination circuit breaker 

type, magnetic, full-voltage start, single speed, non-reversing type, 

except starters for escalator motors will be reversing type. Each 

starter will be equipped with control transformer, 12) volt 6o cycle 

operating coil, and three (1 per phase) thermal overload relays. 

L. STATION WtRING DEVICES 

1. 15 amp, 120 VAC grounding type duplex convenience outlets will be 

provided for portable equipment and for connection to plug-in type 

equipment. The outlets in the station concourse and platform areas 

will be locking and tamper-proof type. 
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2. Lighting switches will be provided in offices, maintenance rooms, 

land similar areas. Switches will be 20 amp 277 VAC rated mechani- 

cally-quiet toggle switches. 

M. STATION WIRES A1D CABLES 

I1. The 34.5 kv cables will be the same as those provided for traction 

power systems. 

1 2. Power cable for circuits 15 kv or below will be as follows: 

I 
a. 600 Volt Power Cable - All .600 volt power wire will have type 

THW or RI-lW insulation. Size #Vo AWG and smaller wire will 

Ihave stranded copper conductors. Wire larger than #4/0 AWG 

will have stranded aluminum conductors and type RIIW insulation. 

IMinimum wire size will be #12 AWG. 

I 

b. 5000 Volt Power Cable - All 5 kv cable will be rubber-insulated 

and neoprene-jacketed, with stranded copper conductors. The 5 

Ikv cable will be shielded where required by National Electrical 

Code and the State of California Electrical Safety Orders. 

Ic . 1.5 KY Power Cable - All 15 kv cable will be rubber-insulated, 

I 

shielded, with neoprene jacket and stranded copper conductors. 

3. Control wiring will be single conductor or multi-conductor cable 

Iwith stranded copper conductors, and rated for 600 VAC service. 

Minimum wire size will be #14 AWG. 

1 4. All wiring for lightIng branch circuits will be single conductor with 

copper conductor and type TW insulation. Minimum wire size will be 

1 #12 AWG; size #10 AWG wire and smaller will have solid copper conductors. 

N. STATION CONDUITS 

I 
All conduits will be rigid galvanized steel, rigid aluminum, electrical 

Metallic tubing or non-metallic duct. Minimum conduit size will be 3/4". 

I 
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1 

1. All embedded or underground conduit will be rigid galvanized steel 

or non-metallic duct. Any underground conduit not embedded in struc- 

ural concrete will be encased in concrete. 

2. Electrical metallic tubing will be used only for lighting circuits in 

interior areas protected from physical damage. 

0. CENTRAL CONTROL FACILITY 

The electrical installations in the Central Control Facility will be 

similar to applicable installations in passenger stations, except cri. 

tical power (back-up power) will be provided by a second independent 

service to the facility. Normal and critical 208/120 volt, 3-phase, 

60 cycle busses will be provided to supply computer power requirements. 

P. SERVICE MD STORAGE YARDS 

Yard lighting and the car washer in each yard will be supplied from 

the service building. Electrical wiring methods and materials will be 

similar to that described for the passenger stations. 

Q. SERVICE BUILDINGS AND SHOPS 

Service buildings and shops within a yard will be supplied by a single 

service from the power company, and will be provided with normal power 

dnly. Electrical wiring methods and materials will be similar to that 

described for the passenger stations. 

H. UTILIZATION VOLTAGE OP LOAD EQUIPI1T 

The utilization voltages of load equipment in all areas will be as follows: 

uipment 

Motors, 
1/2 hp & larger 

Motors, under 1/2 hp 

Fluorescent lighting fixtures 
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6o volt 3 phase 

115/230 volt 1 phase 

277 volt 3. phase 
(except as noted herein) 
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I 

I 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

uipment Voltage 

Mercury vapor & metallic 217 volt 1 phase 
vapqr lighting fixtures 

Incandescent lighting fixtures 120 volt 1 phase 
(critical & normal lighting only) 

Incandescent lighting fixtures 123 volt d-c 
(emergency lighting) 

Exit signs, fluorescent (critical 123 volt a-c 
Exit signs, incandescent (emergency) 120 volt d-c 

Information sign, fluorescent 120 volt 1 phase 

Service pit lighting, fluorescent 120 volt 1 phase 

Fare collection equipment 120 volt 1 phase 

Train control equipment 120 volt 1 phase 

Communications equipment 120 volt 1 phase 

Electric clocks 120 volt 1 phase 

Water heaters 217 volt 1 phase 

Space heaters 208 volt 1 phase 

Portable cleaning machines 120 volt 1 phase 

S. LIGHTING FDCTtThE TYPE & ILLU}JaNATION LEVELS 

Type of 

Area Lighting Fixture 

1. Subway Station 

Street entrance or exit Street lighting 
standard by City 

Excalator or stairs be- 
tween street & concourse 

Immediately after street 
entrance of escalator or 
stairs 

Concourse free area 

Ceiling-recessed 
fluorescent, gas- 
keted 

Ceiling-recessed 
fluorescent, gas- 

keted, (adaptation 
lighting for day- 
light hours) 

Ceiling-recessed 
continuous row 
fluorescent 
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I 

I 
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I 

I 

I 

I 

I 

I 

I 

1 

I 

1 

I 

I 

Type of Average 
Area Lighting Pixture Footcandle 

2. Aerial Station 

Passenger overrossing Ceiling-recessed -40 

continuous row 
fluorescent 

Passenger underpass Pendent-mounted 140 

continuous row 
fluorescent 

Concourse free area Ceiling-recessed 40 

continuous row, 
gasketed fluorescent 

Covered platform Ceiling-recessed, 30 

continuous row, 
gasketed fluorescent 

Open platform Pole-mounted fluores- 25 

cent luminaire 

3. Surface Station 

Covered platform Ceiling-recessed, 30 

continuous row, 
gasketed fluorescent 

Open platform Pole-mounted 25 

fluorescent luminaire 

Passenger overcrossing Ceiling-recessed, 40 

continuous row, 
fluorescent 

Concourse free area Ceiling-recessed 40 

continuous row, 
fluorescent 

4. All station Tvnes 

Concourse paid area Ceiling-recessed 40 

continuous row, 
fluorescent 

Ticket vendors & Supplementary 80 

transfer equipment fluorescent 
location 

Escalators & stairs Ceiling-recessed ho 

fluorescent 

Attendant's office Ceiling-recessed So 

fluorescent 
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I 

I 

I 
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I 

I 
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I 
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I 

I 

I 

Are a 

Train control room 

Electrical room 

Mechanical room 

Substation 

To i let 

5. Emergency Lighting 
In All Areas 

6. Tunnel Walkway 

1. Parking Area 

8. Service & Storage Yards 

Storage tracks 

9. Service & Repair Shops 

Shops 

10. Central Control Facility 

Offices 

Control rooms 

Type of 
Lighting Fixture 

Ceiling-recessed 
continuous row, 
radio frequency 
shielded fluorescent 

Pendent-mounted 
industrial type 
fluore scent 

Surface-mounted 
industrial type 
fluorescent 

Pendent-mounted 
industrial type 
fluorescent 

Surface-mounted 
fluorescent 

120 VDC incandescent 

Surf ace-mounted 
vapor tight 
fluorescent 

Pole-mounted 
mercury vapor 
luminaire 

Pole-mounted metallic 
vapor floodlights 

Pendent-mounted indus- 
trial type fluorescent 

Ceiling-recessed 
continuous row 
fluore scent 

Ceiling-recessed 
continuous row radio 
frequency shielded 
fluorescent 
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50 

50 

30 

50 

30 

0.1 watt/ft.? 
minimum in ac- 
cordance with 
City of L.A.. 
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IIX. COMMUNICATIONS 
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I 

I 

I 

I 

I 
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IIX. 

PRELIMINARY DESIGN CPLITERIA 

The transit system communications network design shall include con- 

Isideration of leasing channels for data comnunications as well as 

voice communications from the local telephone companies to inter- 

Iconnect each fixed facility with each other and the Control Center. 

IA. VOICE COr4UI'1ICATION 

I 

Two-way voice communication links shall be provided between the 

Control Center and every train, passenger station, -storage yard 

Iand maintenance yard. Public address systems shall provide for 

transmitting voice messages onto station platforms and into all 

Icars in each train. Voice communication via land line telephone 

shall be utilized whenever possible. 

I 
Wayside call phones shall be located at approximately quarter 

Imile intervals along all routes for emergency reporting. A 

I 

maintenance communication network shall provide for voice trans- 

mission and reception at closely-spaced intervals. 

IB. DATA COMMUNICATIONS 

IA data communications network shall provide connections between 

the Control Center and an remote operating elements. Response 

Itime for communicating train control data shall be approximately 

two seconds. Response time for communication supervisory data 

1 shall be approximately four seconds. 

I 

I 
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1 

IAccuracy and security of communicated messages shall be speci- 

fied at the highest levels consistent with industry standards. 

1 
Storage registers shall be inserted at each data location to 

hold data until they are required in control, indication, 

computation or logging procedures. 

IC. STJPVISORY SYSTEM 

Traction power substations, passenger station safety and security 

systems, and miscellaneous support elements shall be supervised 

Ifrom the Control Center. The supervisory signals shall be traits- 

mitted via the data communications network and shall be ccnnpati- 

Ible with the train control data transmissions so a single data 

communication system may be utilized. 

I 

I 

I 

I 

1 
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IX. CONMUNICATIONS 

OUTLINE SPECIFICATIONS 

IA. GENERAL 

IWork will include desi, manufacture, testing and delivery of equip- 

ment camprising a complete voice communication system. Installation, 

Icheck-out end start-up will be considered as a separate unit of 

performance. 

I 
B. SYST4 CONFIGURATION 

IA major portion of required voice communications channels will terminate 

I 
at a control and communication center, which may be located in the 

Downtown Los Angeles vicinity. Efficient voice communication will be 

Irequired between and emong offices in the center, and between those 

offices and various locations throughout the transit system. General. 

1 arrangement of the system is illustrated by Figure DC-1 The arrange- 

ment includes voice communication facilities at seven types of locations: 

I The control center 

1 
. Each passenger station 

Each train 

1 . Each storage yard 

The maintenance yard 

I. Wayside call phones 

One Main and one Standby two-way, two channel radio station. 

I 
The two-way, two-channel ratio system, which is planned as a separate 

subsystem is connected to the PA.BX system via the radio main station, 

as illustrated by the solid line. The dashed line between the radio 

station end the train symbol illustrates that voice communication bet- 

1 ween the control center and trains may be via the radio system. 
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I 
Ii. Control Center 

The control center will be the hub of all voice communication 

Ifacilities. Essentially all voice messages, between any two 

of the locations will follow a path through a private automatic 

branch exchange (PABX) lated at the center. As illustrated by 

Figure IX-2, the PABX will also route voice messages among 

Iapproximately twenty telephones located in various rooms at the 

Icontrol center. It will also accept three voice channels from 

an existing SCRTD administrative center. 

2. Passenger Station 

Figure IX-3 illustrates a PABX extension planned for a typical 

passenger station. The matrix at right illustrates which of 

1 
the telephones should be capable of interconnection with other 

I 

instruments by means of selector buttons. In addition, each 

telephone position should have a button to place an incoming 

Icall from the PABX on "hold", while selecting another position; 

and another button to "buz" the selected instrument. 

The two lock boxes will be connected in parallel with the station 

Iagent's position. Each lock box should be provided with an 

external light which becomes illuminated when a call is received 

Ivia the PABX and remains illuminated until a receiver is lifted 

from one of the seven instruments. They should also become 

Iilluminated when "Station Agent" is selected and the buzzer is 

depressed on the "Maintenance", "Train Control Room" or "Mech. 

S 
Room" instrument, and remain illuminated until a receiver is 

Ilifted on the station agent instrument or one of the lock box 

instruments. 

I 
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I 

I 

I 

I 

I 

I 
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I 

I 

I 

I 

I 

I 
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I 

U 

A two-way, two-channel radio base station is contemplated for 

each typical passenger station, as illustrated in the upper 

rectangle. A dashed-line rectangle is used because the radio 

equipment is considered as a separate subsystem and planned as 

a separate element of performance. 

3. Passenger Trains 

Figure IX_14 illustrates voice communication requirements on each 

passenger train. The location of wayside equipment, as drawn in 

the diagram, is not intended to suggest that the equipment should 

be physically located above the train; but merely that messages 

must be introduced and received by some method, such as electro- 

magnetic, inductive, or even sliding contact. 

The audio train line (AT) carries demodulated voice signals to 

two loudspeakers in each car. The train line must be suitable 

for passing through intercar couplers. Trains may be fran two to 

eight cars long. When the handset is removed from its holder, 

all received messages will be routed to its speaker only; but 

not to the loudspeakers. 

Although an A car will normally be used at either end of every 

train, only the front-end transmitter and receiver will be used. 
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The rear-end radio equipment should be suitable for use in case 

of a malfunction in the front end equipment. 

1. Storage Yards 

At a typical storage yard, voice communication facilities are 

planned as illustrated by Figure fl-5. The two storage area 

phones and the transfer track phone will be connected in parallel 

with the yard control office phone. Eaèh of the four instruments 

should be suitable for selecting and buzzing, or ringing, any of 

the other three positions; or for selecting the PABX and dialing 

another element of the voice commtuxication system. 

The two-way, two-channel radio station is shosm enclosed in a 

dashed-line rectangle because the radio equipment is considered 

as a separate subsystem and planned as a separate element of 

performance. 

5. Maintenance Yard 

Voice communication facilities at the maintenance yard will be 

equivalent to those at a typical storage yard, illustrated by 

Figure IX-5. Three phones in the maintenance area will be 

connected in parallel with a phone in the maintenance office. 

A two-way, two-channel radio station at the maintenance yard 

will be part of the radio subsystem which is planned as a 

separate element of performance. 
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6: Wayside Call Phones 

Approximately seven call phones will be located at regular 

Iintervals between each pair of adjacent passenger stations. 

I 

Each set of seven will be connected by one common line to the 

PABX at the control center. 

IPreliminary operating plans call for an attendant, or operator 

Iat the PABX console to monitor all incoming calls on the wayside 

call phone system. Routine calls will be from employees who are 

Iperforming maintenance or inspection along the right-of-way. The 

PABX attendant will connect the desired element in the voice 

1 communication network. 

IWayside call phones will also serve for emergency reporting if 

I 

the need should arise. Thus the PABX attendant will screen all 

incoming calls for emergencies. Procedures will be established 

for quick routing and recording of all emergency calls. 

I 

7. Two-Way Radio System 

A two-way, two-channel voice radio system is planned to interface 

Iwith other communication facilities by an interconnection between 

the PABX at the control center and the main station, as illustrated 

Iby Pigure IX-l. Proposed voice communication systems that use 

I 

space radio to transmit voice messages onto trains, and receive 

voice messages from trains, will also interface at those locations, 

Ias illustrated by the dashed line. Proposed systems that use some 

other means of communicating with trains need not connect at more 

Ithan the one point, however. 

I 
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I 

Wire facilities to connect the remote control center with the main 

and standby stations will be ftrnished by others. 

I 

I 

Ii 

I 

I 

I 

I 

1 

I 

I 

I 

I 

Figure IX-6 summarizes the radio subsystem configuration. 
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X. mAIN COINTROL 

FRELININARY DESIGN CRITERIA 

A train control system consists of three subsystems, each of which 

Iperforms a category of functions. 

I- A safety subsystem provides safety to patrons, employees and 

equiçtnent. 

I- An automatic train-operation (ATO) subsystem controls the 

operation of every vehicle. 

I- A central supervision subsystem coordinates and optinizes all 

train movements. 

I 
A. SAFETY 

1 1. The train control system shall enforce safety through the 

I 

use of a subsystem which is traditionally called a train 

protection system. The safety subsystem shall employ the 

Ibasic concepts that have proved to be very dependable in 

existing transit systems. 

2. The safety subsystem shall divide the full extent of all 

Itransit routes into discreet zones ranging in length between 

one train-length and approximately one mile. It shall 

continuously detect vehicle occupancy in every zone and 

I 
transmit to other zones intelligence that differentiates 

between occupancy and non-occupancy. 

I 



I 

I 

I 

I 

I 

I 

I 

Ii 
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I 
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I 

3. Safety subsystem equipnent that establishes route zones, 

such as electrical track circuits, shall be of the type 

that does not limit the use of running rails for propulsion 

current return; such as the frequency overlay type, or 

equivalent. 

It. The safety subsystem shall continuously enforce safe sepa- 

ration between vehicles by transmitting, onto every 

operating train, intelligence confirming occupancy or non- 

occupancy of adjacent and nearby zones. Logic circuits 

shall be equipped to deduce safe operating speed for safe 

separation. Safe separation shall be equal to maximum 

stopping distance plus thirty-five percent. 

5. The safety subsystem shall include route protection to 

insure that trains cannot find their way onto conflicting 

routes. Route interlocking circuits shall detect positions 

of all track swLtches surrounding a route. Using that infor- 

mation, plus occupancy and elapsed-time information, the 

interlocking circuits shall autanatically deduce route pro- 

tection intelligence and trannit it to all trains approach- 

ing the route. Train-carried equipnent shall enable a train 

to proceed onto a route only when interlocking information 

confirms that: (i) all switches are properly lined and locked, 

(2) the route is completely unoccupied and, (3) no other vehicles 

are moving toward a forthcoming conflict. 
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1 6. Speed limits shall be enforced by equipping trains to 

I 

operate only tile receiving speed-limit information 

transmitted fran the wayside. Non-receipt of that infor- 

Ination shall cause trains to come to a controlled stop. 

Speed limits shall reflect track conditions such as 

curvature. 

1 
7. Detectors shall be provided to sense the presence of 

hazards such as earth slides, broken or distorted track, 

etc. Output from the detectors shafl interrupt enabling 

control signals that are otherwise transmitted to the 

Itrains. 

IB. AUTOMaTIC TRAIN OPERATION (p) 

Il. The ATO system shall continuously respond to an enabling 

signal fran the safety subsystem, which signifies that 

Inormal operation is safe. It shall automatically bring 

the train to a controlled stop if the enabling signal is 

not received for more than a preset time period, which 

should be adjustable from approximately 0.1 to 2.5 seconds. 

2. The A'fO system shall be capable of operating trains at 

Inormal performance level and at least one level above and 

below normal. Each performance level shall produce suf- 

I ficient tractive effort to yield preset rates of acceler- 

ation, running speed and deceleration. The system shall 

operate at normal performance level until and unless it 

I 

I 



I 
Ireceives external control information calling for shorter 

or longer than scheduled run time. After performance 

Ilevel has been adjusted to a level above or below normal, 

it shall continue at that level until it receives a 

Irevised performance level instruction. When performance 

Ilevel adjustments are required, they shall be transmitted 

to trains during station departure after doors are closed 

Iand the train is in motion. 

I3. Passenger-weight sensors shall be used to adjust propulsion 

and braking efforts for load-weight variations that would 

Iotherwise change run times significantly. The control 

I 

system shall regulate speed within a range of approximately 

2.5% above and below assigned value. 

I4 Changes in acceleration and deceleration rates shall be 

controlled to a maximum jerk rate of 1.5 miles per hour per 

second. An elapsed-time circuit shall provide for limiting 

repeated, successive changes to approximately 1.0 mphpsps. 

I5. AT0 shall blend friction and electrical braking and nooth 

the transition at high and low speeds. 

6. ATO shall control deceleration and precise berthing of 

Itrains at stations. Wayside devices shall initiate the pro- 

grammed stop and confirm distances at enough points to 

Iassure accurate control. Berthing accuracy shall be within 

plus or minus 2 feet. 

I 
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I 
Ii. Every train shall bear identifying information by which 

wayside equipment can sense the train's destination and its 

Ilength. Those two data shall be transmitted to stations 

approximately twenty seconds before a train's arrival and 

Idestination shall be displayed by illuminated signs on the 

a platform to inform patrons. 

Each train's destination information shall also be trans- 

I that mitted to route interlocking circuits so routes win 

be lined and reserved. 

I 
Any alternative operating method that involves manual 

manipulation of track switches shall not be considered. 

8. A key-locked switch on every car shall provide for changing 

Ioperation from automatic to manual, for use in yards and 

shops and during unusual circumstances. Manual-operation 

Iequipment shall be limited by the safety subsystem in the 

sane way that ATO is. Manual override equipment shall 

Iprovide for to trains when the an operator move cars or 

subsystem is inoperative. The override equipment Isafety 

shall require continuous hand pressure on an override con- 

Itrol handle and shall restrict speed to a preset limit, 

ad,justable between five and thirty-five miles per hour. 

IOperating rules shall require careful voice communication 

between the Control Center and any vehicle that is operated 

I by methods that by-pass or override normal safety provisions. 

I 
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I9. Train-carried devices shall detect berthing accuracy at 

platforms and transmit a confirming signal to a door 

$ 
control circuit. Upon receipt of a berthing signal and 

another signal confirming zero movement, the door control 

Icircuit shall open an doors. 

1 10. Trains shall normally remain berthed with doors open for 

I 
a tine period which should be adjustable between 10 and 140 

seconds. 

C. CENTRAL SUPERVISION 

Ii. Precise times of arrival and departure of trains at all 

stations shall be transmitted to a Control Center which 

Ishall supervise and coordinate all operating elements of 

the transit system. A computer at the Control Center shall 

continuously compare actual train performance with scheduled 

I 
performance. Continuous performance within reasonable range 

of scheduled service throughout the system shall allow trains 

Ito run at normal performance level. However, performance 

level adjustment shall be a primary corrective measure. 

2. In the event of severe departures frcn scheduled traffic 

Imovements the Control Center shall automatically select and 

Implement combinations of the following strategies: 

I- Lengthened or shortened dwell tines by selected trains 

I 
at selected stations. 

- Change order in which trains enter merging routes. 

I 



I 

I 

I- Change length of trains entering service. 

- Add unscheduled trains into service. 

I- Withdraw scheduled trains from service. 

- Modify routes of selected trains. 

D. TRAIN COITrROL BLOCK SIGNAL LAYOUT 

I1. Assumptions 

I 
Approach Velocity (v) is 70 mph maximum 

Service Brake Rate (d) is 2.6 mph/s 

IMaximum Brake Rate (din) is 3.0 mph/s 

Full reverse running permitted 

1 90 Second headway design on all lines 

1 
2. Calculated 

Optimum Approach Velocity (v0) is 26 mph 

ISafe Following Distance (Se) is 1700 ft. 

IDistance to stop from V0 () is 250 ft. 

Distance to decelerate from V to V0 () is 1500 ft. 

Distance to permissive block (%) is 2650 ft. minimum 

Distance to permissive block for 14-0 second station stop 

time is 2700 ft. maximum 

Head to tail train separation at 70 mph, with 8o second 

I 

I 

spacing, for 600 foot trains is 7600 feet. 

X -7 
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1 
3. Rules for layout 

a. Minimum of 3 blocks between stations (not counting 

Istation zone) (2 optimum blocks plus one permissive block). 

Ib. Maximum mainline block length is 5000 feet. 

c. Optimum speed block (1st block ahead of station zone) must 

Ibe between 550 and 600 feet long. 

Id. Permissive block must not be further than 2100 feet from 

the end of the station for Uo second stop time from 70 mph. 

e. Any three blocks (slow, stop, occupied) must not total over 

7500 feet for 80 second spacing; 15000 feet for 160 second 

Ispacing. 

I14 layout 

No. of Blocks Station Spacing Max. Blocks (Add 1 Station Block) 

IPer Thack 1000 Ft. Ni. OPTIMUM PMISSWE SEPARATION 

3 2.7 .5 2 1* 0 

I .8 2 2+ 

5 9.3 1.7 2 2 l@500 

1 6 10.8 2.0 2 2 2@3000 

I7 12.3 2.3 2 2 325O0 

From 7 up to maximum station spacing add blocks at 2500 Ft. (.ti.5 H) 

Iintervals. 

line planned for 3 minute headway 3 blocks could total 15000 feet Ion 

yielding the following: 

IS 9.8 1.8 2 2 l@5000 

6 A.8 2.8 2 2 2@5000 

I7 19.8 3.7 2 2 3@5000 

I 



I 

I 

IFrom 7 up to maximum station spacing add blocks at 5000 Ft. 

(.9 M) intervals. 

I 

I 

+ Va = 61 mph max. for symmetrical layout (i.e. Full Reverse 

Running) 

1 5. Definitions 

I 
Definitions for the distances and speeds used in the above 

discussion are as follows: 

ISj. = Safe following distance 

5 
(l+m)2V2 
(i - n) 2dm 

Where m = Speed uncertainty assumed to be 10% 

In = Braking rate uncertainty, also assumed to be 10% 

Iv = Following train velocity 

d= Maximum braking rate 

ITr= Brake system reaction time (assumed to be 1 second) 

ISO = Distance to stop from V0 

1.35 V02 + VoTr o2 
I V0 = optimum headway speed 

I8m = Distance to decelerate from V to V0 

= Sr So + V0T. 

= Distance from station to permissive block 

I 
5b = Station length + St + 5o + 5m (minimum) 

= Head to tail separation of trains tile both 

Iare stopped (300 feet) 

I 
X-9 
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I 
S= 

It, = time to traverse from block gate to progran stop 

point at V. 

V0 Optimum Headway Speed 

I 
.&J2adL 

V0 
= 'V (2ai-d) (1.U7) 

Ia - Average acceleration from start to station clear 

d = Service brake rate 

IL = Train length 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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IX. TRAIN CONTROL 

OUTLINE SPECIFICATIONS 

IA. GENERAL 

IWork will include design, manufacture, testing, and delivery 

of equipment comprising a complete train control system, in- 

Icluding all communications equipment required to accomplish 

Ithe specific control functions. Installation, check-out and 

start-up Will be considered as a separate unit of performance. 

B. OPERATIONAL CRITERIA 

IFollowing are preliminary operational criteria that relate to 

train control. 

IMaximum Train Speed 75 mph 

Operating Speed Limit 70 mph 

IAverage Acceleration to 6o mph 1.5 mphps 

Ic. TRA OPERATION AUTOMATION 

I 
The April, 1967 isäue included specifications for four levels 

of train operation automation. The level selected and speci- 

Ifled herein shall provide you completely automatic operation 

(AT0) for mainline revenue service and manual operation with 

Icab signals, continuous over-speed control and on-train voice 

I 

communication for yard area operation. Complete ATO includes 

continuous speed regulation, acceleration and braking control, 

precision stopping, and automatic train door control. 

I 



I 

I 

ID. TRAIN CONTROL FUNCTIONS 

The following tabulations correlate train control functions 

Iwith transit system elements in which they occur. 

Ii. Speed Control Zones 

A basic type of train control zone will be used along 

Iroute portions that have no stations or switches. 

Known as speed control zones, they will.provide for 

Ithe following basic train-control functions: 

a. Detect occupancy by train, car or maintenance 

Ivehicle. 

Ib. Transmit occupancy detection intefligence. 

c. Accept occupancy detection intelligence. 

Id. Detect train malfunction.* 

e. Transmit train-malfunction indication.* 

If. Detect and transmit rail defect.** 

Ig. Transmit hazard alarm.*3(-3f 

h. Detect train direction. 

Ii. Transmit direction indication. 

j. Accept gate positions. 

Ik. Accept locally-set speed limit. 

Il. Determine most-restrictive speed limit. 

m. Transmit speed limit to train. 

*Carcarried units will be in an alarm state for any of a number of car 

Imalfunctions. Units will be connected so wayside will detect only train 

malfunction, rather than car malfunctions. 

I 
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I 

I 

Iii] 

I 

I 

I 

I 

El 

I-] 

I 

I 

I 

I 

I 

**Including, at least, distorted track and broken rail. 

*M-*Owner_furnished sensors will detect occurrence of an event such as an 

earth slide or unauthorized entry. 

2. Transfer Zones 

In transfer zones, trains win be changed from hostling 

mode to the train-operation node used for passenger- 

carrying service; and back again. A tical transfer 

zone will provide for berthing on either side of a 

central platform and for cable-coimected departure 

testing, or lay-up testing on both sides. Functions 

performed there are as follows: 

a. Detect occupancy by train, car or maintenance 

vehicle. 

b. Transmit occupancy detection intelligence. 

c. Accept occupancy detection intelligence. 

d. Detect train malfunctions * 

e. Detect and transmit rail defect.* 

f. Transmit hazard alarm.*** 

g. Accept gate position. 

h. Accept locally-set speed limit. 

i. Determine most-restrictive speed limit. 

j. Transmit speed limit to train. 

k. Accept performance-level command.XXXX 

X- 13 
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1 
1. Transmit performance-level to train. 

in. Detect train identity. 

In. Transmit train identity. 

I 
o. Accept destination and direction ccmmiand. 

p. Transmit destination and direction assignment 

Ito train. 

q. Accept departure-test failure indication. 

Ir. Transmit test-failure indication. 

*CaJ._ carried units will be in an alann state for any of a number of car 

Imalfunctions. Units will be connected so wayside will detect only train 

malfunction, rather than car malfunction. 

I**Including, at least, distorted track and broken rail. 

I 

*thmernjshed sensors win detect occurrence if an event such as an 

earth slide or unauthorized entry. 

IXXXXAt least one above normal and one below normal. 

3. Interlocking Zones 

IInterlocking zones contain one or more track switches. 

I 

Functions are listed as follows: 

a. Detect occupancy by train, car or maintenance 

Ivehicle. 

b. Transmit occupancy detection intelligence. 

Ic. Accept occupancy detection intelligence. 

d. Detect train malfunction.* 

Ie. Transmit train-malfunction indication.* 

I 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

f. Detect and transmit rail defect.** 

g. Transmit hazard alann.*** 

h. Detect train direction. 

i. Accept gate position. 

j. Accept locally-set speed limit. 

k. Determine most-restrictive speed limit. 

1. Transmit speed limit to train. 

m. Accept route request from train. 

n. Accept locally-set route. 

o. Determine switch position for route. 

p. Detect and transmit switch positions. 

q. Perform route locking. 

r. Perform time locking. 

s. Position switches. 

t. Confirm switch-move completion. 

u. Lock switches. 

iT. Perform gate logic. 

w. Transmit gate condition. 

*Ca...carried units will be in an alarm state for any of a number of car 

malfunctions. Units will be connected so wayside will detect only train 

malfunction, rather than car malfunction. 

**Ineluding, at least, distorted track and broken rail. 

sensors will detect occurrence of an event such as an 

earth slide or unauthorized entry. 
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I 
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I 
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I 

I 

I 

I 

I 

I 

I 

. Station Zones 

Station zones will be provided at loading platforms 

in passenger stations. Ftmctions to be performed 

in station zones are as foflows: 

a. Detect occupancy by train, car or niainte- 

nance vehicle. 

b. Transmit occupancy detection intelligence. 

c. Accept occupancy detection intelligence. 

d. Detect train malfunction. 

e. Transmit train-malfunction indication.* 

f. Detect and transmit rail defect.** 

g. Transmit hazard alarrn.*** 

h. Accept gate position. 

i. Determine most-restrictive speed limit. 

j. Transmit speed limit to train. 

k. Accept performance-level connnand.XXXX 

1. Transmit performance-level to train.4-* 

m. Detect train identity. 

n. Transmit train identity. 

o. Accept train identity. 

p. Display train identity. 

q. Transmit arrival time. 

r. Detect train movement. (Either forward or backward). 

s. Transmit open-door request. 

t. Accept dwell-adjustment coxmiiand. 

u. Transmit close-door request. 
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I 

I 

I 

1 

I 

I 

I 

v. Transmit departure time to central control. 

w. Accept run-through command. 

x. Transmit run-through command to train. 

y. Display run-through. 

*Car..carrjed units will be in an alarm state for any of a number of car 

malftmctions. Units Will be connected so wayside will detect only 

train malfunction, rather than car malfunctions. 

**Including, at least, distorted track and broken rail; 

*M--Owner..furnished sensors will detect occurrence of an event such as an 

earth slide or unauthorized entry. 

****At least one above normal and one below normal. 

5. Direction-Reversing Zones 

Running direction will be reversed only in 

direction-reversing zones. Functions are 

listed as follows: 

a. Detect occupancy by train, car or mainte- 

nance vehicle. 

b. Transmit occupancy detection intelligence. 

c. Accept occupancy detection intelligence. 

d. Detect train malfunction.* 

e. Transmit train-malfunction indication.* 

ft Detect and transmit rail defect.** 

g. Transmit hazard alarm.*** 
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Ih. Accept gate position. 

i. Accept locally-set speed limit. 

Ij. Determine most-restrictive speed limit. 

k. Transmit speed limit to train. 

1. Accept performance-level corimand.XXXX 

Urn. Transmit performance-level to train.mX 

n. Detect train identity. 

Io. Transmit Train identity. 

p. Accept destination and direction assignment. 

q. Transmit assignment and direction to train. 

I*Car carried units will be in an alarm state for any of a number of car 

I 

malfunctions. Units will be connected so wayside will detect only 

train malfunction, rather than car malfunctions. 

I**Including, at least, distorted track and broken rail. 

Isensors will detect occurrence of an event such as an 

earth slide or unauthorized entry. 

****At least one above normal and one below normal. 

6. Yard Functions 

In yards, all train operation will be in hostle 

mode, train-protection functions will prevent 

Iunsafe train moves through switches and yard 

U 

switches will be controlled from a yard-control 

panel. Functions are listed as follows: 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

a. Detect occupancy by train, car or mainte- 

nance vehicle. 

b. Transmit occupancy detection intefligence. 

c. Accept occupancy detection intelligence. 

d. Detect and transmit switch positions. 

e. Postion switches. 

f. Confirm switch-move completion. 

g. Lock switches. 

h. Perform detector locking. 

i. Perform time locking. 

j. Perform tine locking. 

k. Determine and display wayside signal aspects. 

7. Correlation of Functions With Zones 

Table K-i tabulates all data listed in Train 

Control Functions, Section D, Articles 1 through 6. 

It illustrates where functions occur in single or 

more-than-one zone. 

8. Programmed Stops* 

Stopping zones will be provided in locations where 

trains will be stopped in accordance with programmed 

speed-distance profiles. They will coincide with, 

or overlap station zones and speed control zones. 

Programmed-stop functions are: 
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TABLE X-la 

CORRELATION OF FUNCTIONS WITH ZONES 

Train Control Speed 

TRAIN CONTROL FU] 

1. Detect occupancy. X 

2. Transmit detection intefligence. X 

3. Accept detection intelligence. X 

14 Detect train malfunction. X 

5. Transmit train-malfunction X 
indication. 

6. Detect and transmit rail defect. X 

7. Transmit hazard alarm. X 

8. Detect train direction. X 

9. Transmit direction indication. X 

10. Accept gate position. X 

U. Accept locally-set speed limit. X 

12. Determine most-restrictive speed X 
limit. 

13. Transmit speed limit to train. X 

Transfer 
Zone 

Inter- 
Locking 
Zone 

Station 
Zone 

Direction 
Reversing 

Zcne 

x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x. x x x 

x 

x x x x 

x x x 

x x x x 

x x x x 

Storage 
Yard 

x 

x 

x 
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TABLE X-lb 

Train Control Speed 

one 

lit. Accept performance-level command. 

15. Transmit performance-level 
to train. 

16. Detect train identity. 

17. Transmit train identity. 

18. Accept destination and direction command. 

19. Transmit destination and direction 
assignment to train. 

20. Accept route request from train. 

21. Accept locally-set route. 

22. Determine switch position for 
route. 

23. Detect and transmit switch positions. 

214. Position sw-itches. 

25. Determine and display wayside 
signal aspects. 

26. Confirm switch-move completion. 

27. Lock switches. 

28. Perform route locking. 

29. Perform detector locking. 

Inter- Direction 
Transfer Locking Station ReversIng 
Zone Zone Zone Zone 

x x x 

x x x 

x x x 

x x x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

Storage 

x 

x 

DC 

x 

DC 
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TABLE X-lc 

Train Control Speed Inter- Direction 
.__..ZoeControl Transfer Locking Station Reversing Storage 

Zone Zone Zone Zone Zone Yard 

30. Perform time locking. 

31. Perform gate logic. 

32. Transmit gate indications. 

33. Accept train identity. 

3. Display train identity. 

35. Detect train movement. 

36. Transmit open-door-request. 

37. Accept dwell-adjustment command. 

38. Transmit close-door request. 

39. Transmit departure time to central 
Control. 

)Q Accept run-through command. 

4-J-. Transmit run-through command to train. 

Display run-through. 

143. Accept departure-test failure indication. X 

44 Transmit test-failure indication. X 

Transmit Arrival Time 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
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I 

Ia. Transmit wayside location reference points. 

b. Accept train length indication from train. 

Ic. Determine and transmit berthing location. 

*These functions to be added to speed control zones and station zones as 

I required. 

1 9. Control Functions Required in A Cars* 

An A car will be used on each end of every train. 

I Functions that are to be accomplished on board 

A cars, and between A cars and other system 

elements are: 

Ia. Accept and remember destination assignment. 

Accept performance level adjusthent. lb. limit c. Accept speed assignment. 

Id. Develop tractive-effort signal complying with 

speed limit and performance level assignment. 

e. Transmit tractive-effort signal to other cars. 

Remember reducing-speed profiles. If. 

g. Detect wayside location-reference points. 

Ih. Foflow speed-distance profiles. 

i. Remember and transmit identity.** 

j. Request route alignment.** 

k. Measure and evaluate distance to berth. 

1 1. Transmit open-door and close-door commands to 

cars. Iother 

m. Accept door commands. 

I 
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I 
Detect door-not-closed. in. 0. Transmit door-open indication. 

ID. Accept tractive-effort signal. 

q. Measure axle-rotation speed. 

1 r. Linit acceleration. 

Detect train malfunction.*** Is. 

t. Accept malfunction indication to wayside.*** 

IU. Transmit malfunction indication to front car 

(when on rear end).*** 

v. Transmit malfunction indication to wayside.*M-* 

w. Receive voice colmnunications,XXXX 

Ix. Transmit voice communications.**fl 

y. Display cab signal aspects.***)F 

I*A..cars will be used on head end and rear end of trains. Head-end and 

rear-end functions will be interchanged when direction is reversed. 

I 
**TJnder all Alternates, automatic route alignment is to be accomplished in 

Ia local-wayside method; i.e., without dependence on communication between 

switch locations and central control. 

I***Car_carried units will be in alarm state for any of a number of car mal- 

Ifunctions. Units will be connected so wayside can detect train malfunc- 

tions, rather than car malfunctions. 

I****Required for hostle mode. 

I 

I 

I, 
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I 
10. Central Supervision Thanctions 

The basic functions that will be performed at 

1 
centra control are: 

a. Accept, and display, occupancy indications.* 

1 b. Accept, and store, train identification.* 

c. Accept, and store, train consist.* 

d. Accept, and display train direction..* 

Ie. Transmit, and store, route assignment.** 

f. Transmit, and store performance assignment.** *** 

g. Accept and store departure tiae.* 

h. Accept, store and display on command (o.c.) 

I switch positions. 

1 
1. Accept, store and display o.c. switch locking 

status 

Ij. Accept, store and display o.c. gate positions.* 

it. Accept and store arrival tines.* 

I 1. dwell Itansmit adjustment requests.** 

Iin. Accept and display hazard indication.* 

n. Accept and display train-malfunction .indications.* 

o. Compute, store and display o.c. run time. 

p. Compute, store and display o.c. dwell time. 

1 q. Compute, store and display o.c. average speed. 

r. Compare performance with schedule. 

I s. Accept and display rail defect indication.* 

It. Accept and display hazard indication.* 

u. Display alarm for beyond-lits deviation. 

I 
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I 

1 

I 

I 

I 

1 

I 

I 

1 

1 

I 

I 

I 

1 

I 

I 

it. Axialyze off-schedule situation. 

w. Select and display corrective strategies. 

x. Log daily performance record. 

y. Process maintenance data and log. 

z. Accept car inventory data.* 

aa. Transmit car-requirement data to yards.-** 

bb. Compute maintenance schedules. 

*A1l communications charmels into and out of central control will be 

furnished by others. 

**All intelligence transmitted from central will be via data communications 

channels. 

***At least one above normal and one below normal. 

11. Yard Control Panel Functions 

Traffic in train yards will be controlled frctn a 

control-and-indication panel which will incorporate 

the following functions: 

a. Accept and display occupancy indications. 

b. Accept and display switch positions. 

c. Accept and display gate positions. 

d. Determine switch positions for route. 

e. Transmit switch movement command. 

f. Accept switch move caupletion indications. 

g. Accept signal indications. 
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Ih. Accept nignal indications. 

1. Receive voice communications. 

1 j. Transmit voice communications. 

1k. Accept and print-out dispatch instructions. 

1. Compile and transmit inventory data. 

1 

I 

I 

1 

1 

I 
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XI. SUPERVISORY CONTROL & DATA COMMUNICATION 
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IXI. SUPERVISORY CONTROL & DATA CON1V 

PRELIMINARY DESIGN CRITERIA 
' AND 

OUTLINE SPEC IFICATIONS 

IA. GENERAL 

Work will include design, manufacture, testing and delivery of 

equipuent comprising a complete supervisory control and data 

Icommunication system. Installation, check-out and start-up 

will be considered as a separate unit of performance. 

Responsibility will include the furnishing of termination 

Iequipment that will interface functionally with equipment 

by others. Ifurnished 

B. SUPERVISORY CONTROL FUNCTIONS 

1 
Supervisory control will consist of five functions, (1) control, 

(2) indication, (3) alarm monitoring, Q4) identification com- 

munication and (5) numerical-value communication. 

IFor purposes of these specifications, response tine is defined 

as the elapsed tine after a set of data and a ready-to-send 

signal are presented to the communication channel, until the 

Isupervisory control function is initiated at the remote location. 

Expected response tine is defined as the response tine of 99.7% 

Iof all transmissions, based on a reasonably large sample, 

observed under actual operating conditions. 

1 
Accuracy of supervisory control functions and security of corn- 

municated messages will be specified at high levels, conforming 

with industry standards. 

XI-1 
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1 
Functions that deal with two-state data, such as on-or-off, 

open-or-closed, etc., will include storing of the current state 

Iat the received location and maintaining the storage in a 

non-volatile manner. 

1. Control 

IThis function consists of causing a change in state of 

a remote device, or of a function at a remote location. 

1 Controls will be initiated at the control center either 

manually or automatically, at the discretion of control 

center personnel. Manual initiation will be accomplished 

Iby positioning and actuating control panel devices to 

select a remote location, device and desired operating 

Istate and to cause control intelligence to be sent. Auto- 

matic initiation will be used when programmed or computed 

actions are appropriate responses for certain operational 

Isituations. 

2. Indication 

1 This function consists of representing, at the control 

I 
center, intelligence corresponding to location, identity 

and operating state of remotely located equipment. At 

Iremote locations a change in the operating state of a 

device will automatically initiate the indication function. 

1 Transmission from remote locations and reception at the 

control center will also be automatic. 

1 

I 
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1 

I 

I 

I 

1 

I 

I 

1 

I 

1 

1 

1 

I 

I 

3. Alarm Monitoring 

This function consists of continuously monitoring the 

status of remotely-located devices and initiating an 

alarm at the control center when a pre-determined status 

exists. It also represents, at the control center, 

identification and location of alarming points. 

1, Identification Ccnomunication 

This function consists of registering at a remote lo- 

cation unique identities related to devices or locations. 

Identifications will be transmitted in both directions 

between the control center and remote points. 

5. Numerical Value Communications 

This function accepts quantitative data at various com- 

munication terminals, transmits the data to other termi- 

nals and presents it to adjacent equipment for storage 

or display. The function also includes registration, 

at the receiving terminal, of location and identity of 

numerical value sources. 

C. SUPERVISORY CORL'ROL RESPONSILITIES 

The specified system will be responsible for exercising super- 

visory control over two categories of remote equipment, (1) 

electrical substations, and (2) remote support facilities. 
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1. Supervisory Control and Monitoring of Electrical 

Substations 

IPropulsion power will be supplied to transit vehicles 

by way of electrical substations located throughout 

Ithe system. The normally unattended substations will 

be continuously supervised, controlled and monitored 

1 from a centrally located control room. Figure VIII-1 

lists a set of functions performed at a typical sub- 

I station. Coded information and reasonable numbers of 

spare points are added to represent approximate quan- 

tities of supervisory control and monitoring points 

Irequired for each substation. 

I 
2. Supervisory Control and Monitoring of Support Facilities 

at Stations lAt a typical passenger station approxinately eight types 
of devices will be supervised, controlled or monitored, 

Ivia communications channels, from the control center. 

Quantities of functions performed and coded information 

associated with each type are listed in Figure VIII-2. 

IReasonable numbers of spare points for all functions are 

added to represent approximate total quantities of super- 

1 
visory control and monitoring points and functions. 

I 
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I 
3. Alann Monitoring of Support Facilities at Storage Yards 

At storage yards approximately five types of devices 

will be monitored from the control center. The following 

quantities will be monitored for alarm conditions: 

I- Fire Alarms 10 

- Coimnunications Failure 2 

I- Power Failure 1 

' 
- Yard Facilities Malfunction 1 

- Spares 1 

I-Total 15 

ID. 

The data communication system win be responsible for conmiuni- 

Icating data used for three purposes: (1) supervisory control 

land monitoring of electrical substations, (2) supervisory con- 

trol and monitoring of support facilities, and (3) central 

supervision of train control. 

l 
Data used for the first responsibility are described in section 

C 1 and data used for the second responsibility are described in 

sections C 2 and C 3. The third responsibility is described in 

section D 1 and data required for its performance are described 

Iin section D 2. 

I 
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1. Train Control Supervision Responsibility 

1 Basic train operation, and protection against unsafe 

Isituations are the responsibility of remote equipment 

and thus do not depend on communication with the con- 

1 
trol center. However, effective central supervision 

depends on fast, efficient data communication between 

Ithe control center and remote communication terminals 

located throughout the transit system. 

I 

Train control supervision is responsible for overall 

coordination and optimization of transit vehicle move- 

ments. Central supervision enables the train control 

system to respond to variations in patronage and to 

Icompensate for unexpected operational irregularities. 

At the control center,the data are displayed, pro- 

cessed or stored by a subsystem having a responsibility 

separate from the communication system. At remote 

I 

stations, train control data are sensed by equipment 

that is also separate from the data communication 

responsibility, The data communication system is re- 

sponsible for delivering and accepting train control 

data to and from the adjacent equipment at the central 

and remote locations. 

1 

1 

I 
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I 
2. Data Communication Requirements for Central Supervision 

of Train Control 

Data that will be communicated between the central lo- 

cation arid remote terminals are tabulated in Figure 

I 

.fl-3. Also shown are approximate quantities of points 

at which the data will terminate and functions for which 

Ithe data will be used. Reasonable numbers of spare 

points are added to those for a typical station, so that 

total estimated, system requirements are computed. 

1 
E. DATA COMMUNICATION SYSTEM INTERFACE REQUIREMENTS 

At the control center and at remote communication terminals, the 

1 data communication system will interconnect with data storage 

equipment or data processing equipment. The interconnections 

will conform to Electronic Industries Association Standard 

RS-232-B, where applicable. The standard defines a means of 

exchanging control signals and binary serialized data signals 

between data processing terminal equipment and data communication 

equipment. 

1 
At all of the communication terminals, signal converters will be 

required as part of the data communication equipment. The signal 

converters will change data signals into a form suitable to the 

I transmission medium, or the reverse, as described in paragraph 

1 
1.5 of the EM Standard. The signal converters win be needed 

to accept data from, and present data to the interface in more 

than one form. 

I 
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Some connecting devices will handle data in a serialized form. 

Other interconnecting devices store or display data in parallel 

form. Interface with devices that handle data in stored-parallel 

form will conform to industry-accepted standards similar to 

telegraph ioop standards. 
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FIGuRE XI-1 

NuerofPOifltN nction 

d:atnN! ii 
High Voltage Ireakers 3 6 3 

H-V Local/Remote Control 3 

Cathode BreakerS 2 2 2 

Feeder Breakers B 

Rectifier Substation 2 2 

Gap Breakers 

Measured Quantities 

Spares 1 2 2 

Totals 10 23 13 

Total Number of Points for Supervisory Control of a Typical Electrical 

Substation = 
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FIGURE XI-2 

Data Communications Required for Supervisory Control of Support Facilities 

Number of Points at 
Typical Station 

C 
0 
r1 

i-I 

o "5 E 
dInforion , 

r1 

C 
a C O H 

Station Alarms 10 

Fans 6 6 

Dampers U 

Pumps 2 

Sump Level 2 

Communications Failure 2 

Auxiliary Power Failure 

Station Facilities Malfunction 

Spares 1 1 

Totals 13 9 15 

I 
Total number of points for Supervisory Control of Support Facilities at a typical 
station = 37 

1 
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FIGURE XI-3 

Data Communications Required for Central 

a) 
- 

NE::itsation Ftmction 

Zone Occupancy 12 

Train Identification 2 

Train Direction 2 

Route Assignment 1 

Performance Assignment 2 

Departure Time 

Switch Position 2 

Switch Locking Status 2 

Gate Position 2 

Arrival Time 

Dwell Tine Modification 2 

Hazard a. 

Train Malfunction 1 

Rail Defect 

Spares 1 2 1 

Totals 6 22 3 3 3 

Total Number of Points for Train-Control Central-Supervision at a Typical Station = 37 
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Ii 

Ii 

11 

I 



.XII. VENTIlATION OF TUNNELS MW SUBWAY STATIONS 
PRELJ34INARY DESIGN CRITIA 

I 
OUTLINE SPECIFICATIONS 

A. GENERAL _ 
I1. Temperature at any point in the system shall not exceed 115°F. 

2. Temperature at any point on the platforms, mezzanines, stairways 

I or other public areas shall not exceed 72°F. or local ambient 

Iplus 2°F., whichever is greater. Ambient temperature is defined 

as the air temperature in the shade at 5 feet above sidewalk 

Ilevel in the vicinity of the station exits. 

3. Any point on the platforms, mezzanines, stairways or other 

I public areas shall be free of occasional or intermittent inflows 

Iof heated tunnel air. 

14 Relative humidity at any point in the system shall not exceed 

1 80%, except that this shall not apply when compliance would 

require the reduction of the absolute humidity of any inflow of 

Iambient air. 

IS. Madmum velocity of air movement at any point on the platforms, 

mezzanines, stairways or other public areas shall not exceed 

1 
900 ±pm. (15 ±'ps., 10 mph.). 

6. Ventilation at any point on the platforms, mezzanines, stairways, 

II least five or other public areas shall provide at changes of air 

Iper hour. Ventilation shall prevent accuunj.lation of any damp, 

musty or unpleasant odor. 

1 
7. flnergency ventilation shall provide, with trains not in motion, 

air movement of not less than 100 fpm. at any point in the 

Itunnels. Movement shall be away from the stations and toward 

an emergency vent, which shall discharge to the surface. 

x11 1 
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I 
Is. Certain portions of the system shafl be equipped with mechanical 

refrigeration to assure cooling on hot days of platform, mezza- 

Inine and stairway areas to temperatures between local ambient 

and that maintained within the air-conditioned cars. 

I 
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B. TtJ1EL INTER}DIATE VE1T SHAFTS 

Ii. An intermediate vent shaft shall contain the ventilation openings 

from one or both tunnels to the surface at a location outside the 

Ilimits of the staticns. 

2. A center partition in each shaft shall prevent the flow of air 

Ifrom one tunnel to the other at any point beneath the ground 

Isurface. 

3. Cross-sectional area of the shaft ventilation opening at any 

Ipoint shall be not less than 1115 sq. ft. gross per tunnel. Re- 

duction of the effective cross-sectional area by gratings, screens, 

Istructural members, minor utility conduits, dampers and emergency 

Iexhwist fans has been anticipated and is permitted. 

Surface openings shall be located in either: 

Ia. A street median island with traffic and flood-water curb. 

Openings shall be covered by a grating adequate to s1.ls- 

tam accidentally intruding vehicles or pedestrians, but 

I 
shall have the maxim proportion of open area without 

concern for the heels of women's shoes. 

Ib. n a location not subject to flooding, to vehicular 

parking or to vehicles standing while awaiting clearance 

Iof traffic lights, a street or off-street paved area 

flush with the pavement surface. Openings shall be covered 

I by a grating adequate to sustain the anticipated traffic 

Ibut shall have the madnium proportion of open area without 

concern for the heels of women's shoes. 

I 

I 

I 
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Ic. An area at any unpaved off-street location either surrounded 

I 

by a protective railing or raised at least 2' 6" above the 

surface. Openings shall be covered by a grating adequate to 

Isustain trespassers. 

5. Rain or other liquids entering the shaft shall drain either to the 

Itunnels or to a sump incorporated into the vent shaft, depending on 

local conditions. 

1 6. from Shaft configuration shall prevent any direct line-of- sight path 

Ithe surface to a train, to prevent contact with train of falling or 

thrown objects. 

I7. One intermediate vent shaft approximately midway between adjoining sta- 

tions shall contain the emergency ventilation fan for each tunnel. Fan 

Ishall be a proefler-type. 

I8. Any intermediate vent shaft shall be equipped with dampers closing auto- 

matically when the emergency ventilation fans operate to guarantee 

positive flow of air from the stations to the emergency fans. 

I 

I 

I 
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C. tinder-platform Induced Draft System 

1. The under-platform system shall provide a flow of air under 

I 
train cars approaching, standing at, or leaving a station. 
This flow shall be at right angles to the car centerline. 
The system shall operate at all times that passengers may be 
Iin the station. 

2. Air flow under each car shall have an average velocity of 
aoo Ipzn. minimum through the open areas between the car 

I floor, an sub-floor equipment, the car trucks and the base 
of the rails. 

1 3. Space under the station platform floor shall be employed as 
a plenum. Each plenum shall be independent of similar plenums 
or ducts, to prevent cross-circulation between tunnels. 

1 4. The plenum face toward the tracks shall be covered by a 
trash screen of wire mesh or expanded metal. Provision shall 
be made to bolt 6-inch wide vertical strips of sheet metal to 

I the track-side face of the screen to cover any desired por- 
tion of the screen. This method will be employed to adjust 
the air flow to. obtain uniform distribution along the train. 

I 5. The trash screen or covers shall be no closer than 8!. .o" to 
the track centerline, to provide refuge space. 

I6. Space in the plenum may be employed for piping or electrical 
conduits, provided that: 

a. Interruption of the under-platform induced draft 
system for conduit or piping maintenance is limited 
to the 7:00 P.M. to 5:00 A.M. hours. 

Ib. Allowance is made for the conduit and piping cross- 
section in calculating air flow velocities. 

Ic. Such usage meets the appropriate electrical and 
piping criteria. 

I 7. Velocity of air flow through the plenum shall not exceed 
a,400 fpm. A velocity of not more than 1,500 1pm. is 
preferable. 

1 8. Two adal-flow fans mounted beneath the platform shafl move 
air from each plentun (i.e., four fans per two-track station). 
Each fan shall provide half of the total capacity required 

I for its plenum. No spare fan is needed as the system will 
operate at half capacity during fan maintenance. Fan design 
temperature shall be 135°F. 

1 9. Fans shall be directly driven, with motors mounted on the fan 
shaft within the air stream. Motors shall be totally en- 
closed, arid rated for continuous service in an air stream of 

1 135°F. 

I 
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10. A working space for access to the fans shall be provided beneath 

the station platform. Fan housing and ducts shall isolate this 
space from the air flow from the plenum. The access hatch (nor- 

, mally closed) into this working space shall be designed to pro- 

I vide at least 40 sq. ft. of open hatch per fan, to allow adequate 
ventilation and heat removal during maintenance periods. 

IU. Flows from more than one plent2m may be combined beyond the fans. 
Duct velocity shall not exceed 3,000 fpm. 

1 
12. Air shall be discharged through a surface opening as follows: 

a. Most preferable discharge is through a 2'6" or higher 
raised structure in a median, surrounded by a traffic I. and floodwater curb 1' 6" or more wide on all sides. 
Discharge shall be vertically upward, at a velocity not 
exceeding 3,000 fpm. Opening shall be covered with a 

Igrating adequate to support a person and to exclude trash. 

b. Next most preferable discharge is through a grating in a 
median, surrounded by a traffic and floodwater curb 3' 0" 

I or more wide on all sides. Discharge shall be vertically 
upward, at a velocity not exceeding 3,000 fpm. Grating 
shall be fenced-off or screened over in a maimer to 
divert pedestrians. 

c. Next most preferable discharge is through a structure on 
Ioff-street property similar to that of paragraph a. 

d. An acceptable discharge is through a duct to a point not 
accessible to the public on a building or structure roof 

I or wall or in an off-street area. Discharge shall be at 
a velocity not exceeding 3,000 fpm. 

I 

I 

I 

I 
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I 
STATION VENTILATION SYSTEM ID; 

1. The ventilation system shall provide a flow of fresh air to 
the station, arid shall operate at all times that passengers 

Imay be in the station. 

2. One or more rooms within the station structure shall serve 
as a plenum or plenums for the station fresh air supply. 

I Air shall flow into each room through its duct from the 
surface. Duct velocity shall not exceed 1,500 fpm. 

3. Air inlets shall be through surface openings as follows: 

a. Most preferable inlet is through a flush grating in a 
median, surrounded by a traffic and floodwater curb. 

I Grating shall sustain the weight of accidentally in- 
truding vehicles or pedestrians, but shall have the 
mathmim proportion of open area, without concern for 

I heels of women's shoes. Velocity shall not exceed 
1,500 fpm 

I b. Next nDre preferable inlet, in an off-street location 
not subject to flooding nor to vehicular or pedestrian 
traffic, is a flush grating without a curb. Grating 

Iand velocity ma2d.num shall be the same as in a. 

c. An acceptable inlet is in a sidewalk or in a paved 
off-street area not subject to obstruction by standing 

I vehicles. Grating shall support the anticipated traf- 
ftc and shall be acceptable to women. Velocity shall 
not exceed 1,000 fpm. 

I d. An inlet through street paving is not acceptable. 

i4 Plenum rooms shall be the source of air for station venti- 
I lation, station air conditioning "heat dump" air, cooling air 

for any sub- station and cooling air for the train controls. 

Ithese 
Inlets shall be sized to meet the madmum requirements for 

purposes. 

5. Ventilation air shall be drawn from a plenum room through 
Iflltes. Filter face velocity shall not exceed 500 fpm. 

6. Total ventilation air capacity shall be divided equally be- 
tween two fans. No spare fan is needed, as the system will 

I operate at half capacity during fan maintenance. Fan design 
temperature shall be 90°F. Selection of same fan as employed 
for the under-platform induced draft system is preferable. 

I 

I 

I 
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Ii. Ventilation ductwork. shall be incorporated into the station 
structure, preferably into the spaces above the platforms and 
tracks. System shall provide uniform distribution of air to the 

I 
full length of the platforms. Duct velocity shall not exceed 
1, 500 2pm. During operation with only one fan, distribution may 
no longer be uniform, but air flow to any outlet of the ductwork 
Ishall not be less than 25% of that at ftll capacity. 

8. Openings from the ductwork shall be placed to obtain uniform air 
dIstribution, with louvered fittings as required. One such open- 

I 
ing per train screen door pair is preferred. Velocity through 
the openings shall not exceed 500 2pm. 

I 
9. Air movement velocities produced by the ventilation system while 

all train screen doors are closed in spaces which may be occupied 
by passengers shall not exceed 100 2pm. 

1 10. Ventilation air capacity shall be the maximum required for the 
sum of the following: 

I 
a. Leakage air flow through the train screen door clearances 

into the track areas. 

I 
b. Mr flow to the track areas through open train screen 

doors. 

c. Mr flow up the stairways and escalators to the mezanine 

1 
and to the street. 

U. Ventilation air flow fromthe platforms to the mezzanine shall be 
Iadequate to produce a mininniun of five air changes per hour. 

12. Ventilation air flow to the platforms, mezzanines, stairs and 

I 
escalators and other public areas shall be adequate to prevent 
accumulation of any damp, musty or unpleasant odor. Ductwork to 
convey fresh air to any cul-de-sac or other isolated point to 
meet this requirement shall be provided. 

I 

I 

I 

I 
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E. STATION HEATING 

1. No provision for general station heating is required. 
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F. ELECTRICAL FACILITIES ROOM VEITIIATION 

1. Cooling air for substations, train control equipment and 
other major electrical facilities incorporated into a 
station shall be drawn from a ventilation air inlet plenum. 
Heated air shall be discharged to the track area or to the 
surface. 

2. Surface discharge openings shall comply dth the criteria 
for under-platform system discharge openings (paragraphs 
C.l2.a, through C.12.d.) 
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Iflu. SUBWAY FIRE PROTECTION 

PRELIM[NA.RY DESIGN CRITERIA 

I ____ OUTLINE SPECIFICATIONS 

A. TUETEL STA1DPIPE SYSTEM Standard fire department siamese hose connections 

I 
served by a 14-inch dry standpipe shall be provided in each subway tunnel at 

intervals not exceeding 1000 feet. Preferred locations shall be at the 

Icross connections between tunnels. One siamese connection shall be located 

on each side of the cross connection door either in the passage or in the 

Isubway bore. 

I 
Fire department siamese inlet connections shall be provided at the surface 

level either in a concrete box at ground, street or sidewalk level or flush 

Imounted in a concrete wail. 

Where more than one hose station must be served from one inlet, the piping 

Ishall be sized to provide a minimum flow to each of the two most remote 

I 

hose stations of 500 gpm (or a total of 1000 gpm) while maintaining 50 psi 

pressure at the most remote hose station. 

IB. TUE!L PORTABLE FIRE CTINGUIS1ff±RS One 20 lb. dry chemical type portable 

fire extinguisher with rating not less than 11A 3OBC shall be provided at 

Ieach fire department siamese hose connection in the subway tunnels. It 

shall be mounted so that the top is not more than 5 feet above the walkway. 

IC. STATION SPRINKLER SYSTEM All public areas of mezzanines below ground, 

Iconcession areas, storage areas, and station attendants' rooms shall be 

sprinklered. Subway platforms, substations, train control and other 

Ielectrical equipment rooms and mechanical equipment rooms generally will 

not be sprinklered. 

IAll unenclosed vertical openings between platforms and mezzanines shall 

Ihave sprinklers placed to fully cover them. 

XIII-1 

I 



I 
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For stairs and escalators extending from a mezzanine to the street, 

sprinklering at the mezzanine level shall extend to the point where 

1 penetration of the ground surface begins. Escalators outside the 

mezzanine limits shall be sprinklered. 

The sprinkler system shall be of the wet-pipe type, discharging water 

Iimmediately from individual sprinkler heads activated by the heat of 

a fire. Installation of sprinklers shall conform to National Fire 

1 Protection Association Standard No. 13, "Sprinkler Systems, 19614". 

I 
An occupancy classification defined as "Ordinary Hazard" by the N.F.P.A. 

shall be the basis of design and installation of the sprinkler system. 

D. STATION STANDPIPE AITh HOSE SYSTEM All stations shall be equipped with 

wet standpipe systems having the supply valve open and water pressure 

Imaintained at all times. 

I 

Except as herein specified, the design and installation of standpipe 

hose systems shall conform to National Fire Protection Association 

IStandard No. 114, "Standpipe and Hose Systems, 1963". Class III service 

shall be provided in all sibway stations. 

IFire hose stations connected to the wet standpipe system shall be pro- 

vided throughout the mezzanine and platform areas. Each hose station 

Ishall consist of a cabinet equipped with 100 feet of 1*" hose, hose 

Irack, standard fire department hose connection, valves and a portable 

fire extinguisher. 

IHose stations shall be spaced at intervals not exceeding 210 feet and 

preferably be located near each exit. 

1 
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I 
IF. STATION PORTABLE FIRE CTINGUISRERS One 20 lb. dry chemical type 

portable fire extinguisher with rating not less than 4A 30B shall be 

Ilocated at each hose station. In no case shafl trawl distance between 

extinguisher locations exceed 210 feet. 

IOne extinguisher sh&ll be located near each entrance in each mechanical 

I 

and electrical equipment room. 

Each extinguisher shall be mounted so that the top is not more than 

5 feet above the floor. 
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XIV. lANDSCAPE 

PRELDIINARY DESIGN CRITERIA 
AND 

OUTLINE SPECIFICATIONS 

A. GENERAL DESIGN POLICY 

IThe following principles should guide the overall design character: 

Landscape design should recognize local conditions and be based 

Ion standards for the system as a whole which will emphasize 

continuity of character. 

I A comprehensive visual survey must be completed showing station 

Iend route alignnents, grading cuts and fills, and exact location 

of existing trees, walls and other landscape featutes. 

I. Recommendations for landscape treatment for the system must be 

based on information regarding visual qualities of the corridors. 

I Existing plant material to be retained must be tagged. 

1. The survey must also include a soil sample analysis from all 

areas to be planted, to allow proper selection of plant materials 

Ifor existing soil conditions. 

Visual consideration for SCRTD passengers must allow for the 

Ispeed 60-70 perceptual factor. Moving at miles per hour within 

Itight bounds of the rights-of-way directs views to broad regional 

glimpses. Detailed design at short distances (50' - 60') will 

Ibe blurred and unintelligible at these speeds. 

I 

[I 
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IB. GmcERAL PLANTING DESIGN CRITERIA. 

1. Plant materials will be used in compositions that are architect- 

Iural in quality. Groupings of plants will be of significant 

I 

numbers and used in simple forms upon the ground plane. Plants 

should be enmassed over a surface area of significant size to 

Ibe of meaningful visual consequence. There should not be random 

plantings, petite planter wells, or lines not, relating to structures, 

Icirculation and parking lot layout. 

1 
2. Plants should generally be massed: 

to make a clear statement, eliminating confusion, and 

Iincongruity; 

I. to allow for the perceptive factor involved in high speed 

views from transit coaches. Broad regional views will be 

more important than gardenesque qualities. 

I3. Plantings will be chosen from a selected palet, especially 

in station areas: 

I. to reduce possible maintenance problems by using suitable 

plant material for the site conditions; 

I. to implement simplicity of design; 

to promote continuity of design. 

I 

The plant materials palet is based upon the criteria in the 

following section. 

I 
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C. PLANT CRITERIA SELECTION 

Selection of plant materials must be made on the basis of the following 

criteria: 

1. Plants must have low maintenance characteristics, minimum watering, 

pruning, feeding and pest control needs. 

2. Moderate to fast growth plants, rather than very fast, will produce 

a sturdier branching structure and better resist wind damage. 

3. Shrubs must be low branching wherever possible to minimize the 

need for ground cover. 

14. Shiny, tough, glabrous leaves are preferred where dust is a 

problem. 

5. Nearly mature plants shall be planted to achieve immediate effect 

in areas deemed visually important (i.e., larger size plants for 

screening along rights-of-way; all plantings in station areas 

will be established materials such as 214" - 36" box trees). 

Ground covers along corridors will be hydro-muich spray-on 

technique. 

D. LANDSCAPE TREATMENT - STATION AREAS 

1. Parking Lot Areas 

The design of external station facilities must be handled by 

reference to the specific local requirements of traffic, site 

acquisition and character. Minimum standards for parking 

area landscape design are included in the following points: 
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1 
. The main entrance to and the circulation routes within 

the station parking area must be emphasized to give identity 

Iand orientation to the and vehicle operator. pedestrian 

A straightforward handling of plant materials must be employed 

to properly identify points of ingress/egress and station 

Iticketing entrance. The driver or pedestrian should have 

no difficulty in determining where he wants to be going, 

Iwhether parking his car, catching a train, dropping someone 

I 
off, or leaving the station area. 

Parking areas must be screened from surrounding buildings 

Iwhen desirable by planting, fences, walls, bernis, or changes 

in grade. 

U. Tree specimens are to be located around the perimeter and 

along the pedestrian walks leading to the ticket area to 

achieve scale, subdivision of the site, and to emphasize 

Ithe major pedestrian route to the station. These trees 

should be part of an existing street tree pattern estab- 

Ilished by the surrounding community where such a pattern 

exists. This relationship is desirable where identification 

I be the by can made with community recognizing and reflecting 

Ithe character of existing plant materials. 

Trees planted within the parking 1t areas are (1) to 

Iemphasize the direction of important internal traffic and 

minor pedestrian circulation, and (2) to function as spatial 

Idividers by breaking dom large expanses of paving into 

areas of two acres maximum. 

1 
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E. LANDSCAPE TREATMENT - CORRIDORS 

Treatment of the corridor rights-of-way will be relatively simple. 

I 
By utilizing a spray-on operation of seeding, with plant seeds mixed 

into a slurry, the initial cost of ground cover installation and 

Imaintenance can be greatly reduced. Trees specified along the corridor 

rights-of-way are to be well established materials (21t" - 3611 box) to 

1 (1) enhance the landscape initially, (2) provide screening for resi- 

I 
dential privacy, and to establish identity for the transit system. 

Shrub screening material will be of 1 gallon and 5 gallon sizes. 

IIrrigation is to be provided by a quick coupler rainbird system for 

the first two years. All lam areas are to be on an automatic sprinkler 

Isystem. Trees will be accommodated with water sumps at the drip line 

distance. 
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